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LETTKR  OF  TRANSMITTAL 


Department  of  the  Interior, 
United  States  Geological  Survey, 

Division  op  Hydrography, 

Washington,  April  13, 1S97, 

Sir  :  I  have  the  honor  to  traasmit  herewith  a  manuscript  entitled 
Irrigation  in  Mesilla  Valley,  and  to  recommend  that  it  be  publisbed  in 
the  series  of  Water-Supply  and  Irrigation  Papers,  The  statements 
therein  contained  have  been  condensed  and  rearranged  from  a  some- 
what detailed  discussion  prepared  by  Mr.  F.  C.  Barker,  of  Las  Cruces, 
New  Mexico,  and  a  few  facts  pertaining  to  the  flow  of  the  Rio  Grande 
at  El  Paso  have  been  added. 

In  this  paper  the  methods  of  irrigation  and  cultivation  in  common 
use  by  the  natives  of  the  valley  are  discussed  with  a  considerable 
degree  of  detail.  For  a  full  understanding  of  the  i>ossibilities  of  the 
development  of  the  country,  it  is  necessary  to  possess  a  general  knowl- 
edge of  the  habits  of  the  native  population  and  to  know  something 
of  the  methods  of  agriculture  which  have  been  adopted,  for,  although 
these  may  not  be  the  best,  yet  they  are  the  result  to  a  certain  degree  of 
the  peculiarities  of  climate  and  soil.  A  thorough  comprehension  of  the 
natural  conditions  which  have  led  to  the  adoption  of  certain  practices 
and  their  continuation  through  a  long  period  of  time  is  highly  impor- 
tant. One  of  the  greatest  sources  of  loss  and  disappointment  to  the 
newcomer  is  the  result  of  his  unwillingness,  in  so  many  cases,  to  con- 
form to  practices  that  have  been  found  beneficial  through  centuries 
and  his  attempt  to  introduce  methods  valuable  elsewhere  but  unsuited 
to  local  conditions  of  land,  water,  and  labor. 

Very  respectfully, 

F.  H.  Newell, 

Hydrographer  in  Charge. 
Hon.  Charles  D.  Walcott, 

Director  United  States  Geological  Survey, 
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IRRIGATION  IN  MESILLA  VALLEY,  NEW  MEXICO. 


By  F.  0.  Barker. 


LOCATION  AND  HISTORY. 

Hesilla  Valley  is  in  the  Territory  of  New  Mexico,  lying  od  both  sides 

of  the  Bio  Orande  and  between  two  spurs  of  the  Bocky  Mountains. 

It  extends  from  Fort  Selden,  New  Mexico,  on  the  north,  to  within  3 

miles  of  the  city  of  £1  Paso,  Texas,  on  the  south — about  55  miles — and 

for  the  greater  part  of  this  distance  it  varies  in  breadth  from  5  to  7 

miles.    Along  its  entire  course  it  is  bounded  on  the  east  and  west 

by  lofty  ranges,  the  highest  of  which — the  Organ  Mountains,  distant 

some  12  miles  to  the  east  of  the  valley — rise  to  a  height  of  8,000  feet 

above  sea  level,  or  4,000  feet  above  the  agricultural  lands  along  the 
river. 

The  Atchison,  Topeka  and  Santa  Fe  Hailroad  traverses  the  entire 
length  of  the  valley,  the  principal  station  being  at  the  town  of  Las 
Graces,  New  Mexico,  while  the  southern  end  of  the  valley  is  tapped  at 
El  Paso  by  the  main  line  of  the  Southern  Pacific,  Texas  Pacific,  Mex- 
ican Central,  and  Galveston,  Harrisburg  and  San  Antonio  railroads. 

Along  the  Eio  Grande  are  several  other  valleys,  somewhat  similar  to 
the  Mesilla  Valley,  but  smaller.  The  nearest  are  those  of  Colorado, 
Loma  Parda,  Palomas,  and  Valverde  on  the  north,  and  Ysleta  Valley 
on  the  south,  just  below  El  Paso.  The  soil,  climate,  system  of  irriga- 
tion, and  metihods  of  farming  are  so  identical  with  those  of  the  Mesilla 
Valley  that  only  a  passing  reference  will  be  made  to  them.  In  all  of 
them  progress  has  been  considerably  retarded  through  lack  of  suffi- 
cient water,  but  with  the  building  of  storage  dams  along  the  river 
those  to  the  north  will  secure  an  ample  supply,  while  the  Ysleta  Valley 
is  relying  on  the  international  dam  which  it  is  proposed  to  buUd  at 
El  Paso  in  order  to  furnish  a  constant  supply  of  water  to  the  Mexican 
Valley  on  the  right  bank  of  the  river  and  to  Ysleta  on  the  left.  With 
the  building  of  these  dams  a  chain  of  valleys,  extending  over  100  miles 
and  unequaled  in  fertility  and  climate,  will  secure  all  the  water  needed 
and  be  brought  under  successful  cultivation. 

The  methods  of  irrigation  and  agriculture  as  practiced  in  the  Mesilla 
Valley  are,  so  far  as  I  have  been  able  to  ascertain,  the  oldest  that  exist 
in  the  United  States.    The  system  established  is  of  especial  interest  to 
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the  student  of  farming  under  irrigation,  as  much  may  be  learned  from 
the  native  Mexican  farmers,  whose  fathers  and  forefathers  have  prac- 
ticed irrigation  from  the  time  the  Spanish  Jesuits  settled  in  Mexico, 
more  than  three  hundred  years  ago,  and  taught  the  subjects  of  Monte- 
zuma the  art  of  agriculture.  The  Spaniards  had  themselves  been 
taught  how  to  farm  with  the  aid  of  irrigation  by  the  Moors,  who  held 
southern  Spain  from  the  eighth  to  the  fifteenth  century,  and  who,  in  the 
early  part  of  their  occupation  of  that  country,  laid  out  those  magnifi- 
cent irrigation  works  which  exist  to  the  present  day.  Having  passed 
several  years  of  my  life  in  Spain,  I  have  had  abundant  opportunities  of 
studying  the  ancient  systems  of  irrigation  as  there  practiced,  and  dur- 
ing a  long  residence  in  the  Mesilla  Valley  I  have  been  able  to  compare 
the  two  systems,  which  I  find  almost  identical. 

Although  there  is  abundant  evidence  that  all  this  part  of  the  conti- 
nent was  densely  populated  in  prehistoric  times,  little  or  nothing  is 
known  of  the  Mesilla  Valley  prior  to  the  year  1841  beyond  the  fact  that 
an  attempt  was  made  in  1825  to  colonize  the  valley  by  citizens  of  Old 
Mexico,  and  that  the  enterprise  had  to  be  abandoned  owing  to  the 
hostility  of  the  Apache  Indians,  who  infested  the  country. 

In  1841  the  Mexican  Government  at  Juarez,  a  town  on  the  Kio 
Orande,  opposite  El  Paso,  and  now  the  northern  boundary  town  of  the 
Republic  of  Mexico,  was  induced  to  give  to  its  citizens  grants  of  land 
in  the  Mesilla  Valley.  Two  reasons  led  the  Government  to  adopt  this 
course.  In  the  first  place,  the  valley  of  the  Eio  Grande  around  Juarez 
had  become  thickly  settled  and  land  was  getting  scarce;  in  the  second 
place,  the  Government  was  anxious  to  establish  a  settlement  higher  up 
the  river,  which  might  serve  as  an  outpost  to  stop  the  incursions  of  the 
Apaches. 

In  that  year  some  fifty  families  of  native  Mexicans  from  Juarez  were 
tempted  by  the  fertile  lands  of  the  Mesilla  Valley  to  form  a  settlement, 
and  these  people  built  a  town  at  Donna  Ana,  from  which  the  county 
afterwards  took  its  name.  Here  they  took  out  a  ditch  or  irrigating 
canal  from  the  river,  and  introduced  the  methods  of  irrigation  and 
farming  which  had  been  practiced  for  three  centuries  in  their  native 
homes.  These  pioneers  ultimately  became  a  thriving  community,  but 
in  the  beginning  they  had  to  face  continual  danger  from  the  neigh- 
boring Indians,  and  while  one  squad  worked  with  their  spades  another 
stood  on  guard  with  loaded  rifies.  Finally  the  home  Government  had 
to  send  troops  to  give  additional  protection,  and  the  whole  valley  was 
then  rapidly  settled,  so  that  when  the  Americans*  took  possession  it 
was  already  known  as  the  "Garden  Spot  of  Kew  Mexico." 

After  the  Mexican  war  that  portion  of  the  valley  lying  west  of  the 
Bio  Grande  became  part  of  the  territory  of  the  United  States  under 
the  Guadalupe-Hidalgo  treaty,  dated  February  2, 1848,  but  it  was  not 
until  the  year  1853  that  this  Government  acquired  the  eastern  part  of 
the  valley,  under  the  Gadsden  rurchuse. 
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United  States  troops  were  then  stationed  at  Fort  Selden  and  Fort 
Fillmore,  and  at  Mesilla  was  another  army  post,  effectually  protecting 
the  valley  against  the  attacks  of  the  warlike  Apaches.  Several  Ameri- 
cans now  settled  in  the  valley.  Mesilla  was  made  the  coanty  town,  and 
through  it  passed  the  postal  service  and  overland  freighting  outfits  to 
Arizona  and  California.  These  conditions,  added  to  the  remunerative 
contracts  which  the  settlers  were  able  to  make  for  the  supply  of  grain, 
fooil,  and  fodder  to  the  United  States  troops,  often  at  most  exorbitant 
prices,  made  Mesilla  a  thriving  business  center,  and,  as  more  irrigating 
ditches  were  built  and  an  extended  area  of  land  was  brought  under 
cultivation,  the  whole  valley  became  abnormally  prosperous. 

This  state  of  affairs,  to  a  great  extent  artificial,  was,  however, 
doomed  to  come  to  an  end.  Int  the  year  1881  the  Atchison,  Topeka  and 
Santa  Fe  Kailroad  commenced  fo  build  its  line  from  Colorado  dowu  to 
El  Paso,  Texas,  along  the  banks  of  the  Kio  Grande  and  through  the 
Mesilla  Valley.  The  town  of  Mesilla  was  then  lying  on  the  west  bank 
of  the  river — which  has  since  changed  its  course,  leaving  Mesilla  on 
the  east  bank — and  its  citizens  were  approached  by  the  promoters  of 
the  railroad  with  the  view  of  ascertaining  what  facilities  and  induce- 
ments they  would  offer  the  railroad  to  pass  through  that  town.  The 
leading  citizens,  however,  foreseeing  that  the  railroad  would  destroy 
their  profitable  freighting  business  and  ruin  the  monopoly  of  trade 
which  they  enjoyed,  replied  that  they  did  not  want  a  railroad  within 
«0  miles  of  their  town,  and  did  everything  in  their  power  to  drive  it 
away. 

The  Southern  Pacific  llailroad  contemplated  making  a  junction  at 
Mesilla,  but  met  with  similar  discouragement,  and  ultimately  chose 
EI  Paso.  In  the  meantime  the  people  of  the  little  town  of  Las  Cruces, 
more  farseeing  than  their  neighbors,  arranged  with  the  Atchison, 
Toi)eka  and  Santa  Fe  liailroad  to  pass  through  their  town,  with  the 
result  that  since  that  time  Las  Cruces  has  been  gradually  growing  in 
population  and  importance,  while  Mesilla  has  been  left  in  the  state  of  a 
'^deserted  village,"  although  many  still  live  in  their  line  houses  and 
beautiful  gardens,  established  in  the  good  old  times,  the  passing  of 
which  they  continue  to  lament.  With  the  advent  of  the  railroad 
came  lower  prices  and  fien^er  competition,  and  this,  combined  with 
the  defective  system  of  canals,  to  which  reference  will  be  made  later, 
resulted  in  much  land  going  out  of  cultivation. 

It  is  only  within  the  last  eight  years,  with*  the  influence  of  settlers 
from  other  parts  of  the  United  States,  that  the  valley  has  begun 
to  recover  from  the  effects  of  this  sudden  change  of  circumstances. 
The  American  farmers,  while  adopting  the  old  Mexican  system  of  irri- 
gation, revolutionized  the  agriculture  of  the  valley  by  planting  large 
fields  with  lucern — or  alfalfa,  as  it  is  called — and  by  the  introduction 
of  modern  farming  implements  and  improved  American  varieties  of 
apples,  i)ea<5hes,  and  other  fruits. 
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CLIMATE. 

The  altitude  of  Mesilla  Valley  is  about  3,850  feet,  the  3,900-foot  con- 
tour crossing  the  river,  as  shown  by  the  Las  Gmces  topographic  atlas 
sheet  of  the  United  States  Geological  Survey,  about  6  miles  below 
Fort  Selden,  and  sweeping  down  the  valley  and  well  up  on  the  flanks 
of  Franklin  Mountains.  The  atmosphere  is  exceptionally  dry,  the  days 
are  sunn}*,  and  the  climate  as  a  whole  is  invigorating,  so  that  the 
country  is  well  known  as  a  health  resort,  especially  during  the  winter 
months.  Although  the  sun  is  scorching  hot  during  the  summer,  it 
causes  little  inconvenience,  owing  to  the  rapid  evaporation  of  perspi- 
ration, which  tends  to  keep  the  surface  of  the  body  cool.  Sunstrokes 
are  unknown  and  work  in  the  fields  continues  without  interruption. 
The  thermometer,  however,  rarely  goes  above  102o,  and  the  number  of 
days  on  which  it  has  gone  above  100^,  as  taken  from  the  records  of  the 
agricultural  college,  is  as  follows: 

DajB. 

1892 18 

1893 16 

1894 5 

1895 2 

1896 13 

The  nights,  even  in  summer,  are  comparatively  cool,  and  vegetation 
theiet'orft  makes  but  little  progress  until  the  middle  of  A*pril. 

Throughout  winter  the  days  are  invariably  bright  and  sunny.  A 
light  fall  of  snow  usually  occurs  once  or  twice  in  the  year,  but  dis- 
ap[)ears  rapidly  as  soon  as  the  sun  shines.  Notwithstanding  that  the 
thermometer  falls  much  lower  than  one  would  expect,  judging  by  the 
warm  days,  the  low  fall  occurs  only  during  a  few  hours  preceding  sun- 
rise, so  that  the  land  is  seldom  frozen,  and  farming  operations  can  be 
carried  on  almost  every  day  in  the  year. 

The  lowest  temperatures  registered  at  the  agricultural  college  in  past 
winters  are  as  follows : 

Degrees 
above  0,  F. 

January  14,  1892 4 

December  31,  1893 9 

January  7,  1894 2 

December  29,  1895 1 

Januarys,  1896 9 

The  total  rainfall  in  the  year  is  exceptionally  light,  and  occurs  mostly 
in  July  and  August,  which  may  be  considered  the  rainy  season.  The 
college  records  show : 

Inched. 

1892 6.47 

1893 '. 10.91 

1894 4.47 

1895 9.46 

1896 7.99 

1897 8.96 
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These  figures  show  how  impossible  it  would  be  to  raise  crops  without 
the  ftid  of  irrigation. 

Light  wiuds  occur  almost  daily  during  the  year^  never  sufficiently 
strong  to  do  any  damage.  The  maximum  velocity  registered  at  the 
college  is  as  follows: 

MilM 
per  hoar. 

1882 60 

1893 48 

1894 48 

IK© 60 

1896 : 56 

1897 60 

With  such  a  light  rainfall  the  humidity  in  the  atmosphere  is  natur- 
ally very  small,  and  consequently  dews  are  experienced  very  seldom, 
and  only  in  a  slight  degree.  The  records  at  the  agricultural  college 
show  that  the  average  relative  humidity  was: 

Per  cent. 
1895  (last  nine  months) 68 

1896 60 

1897 72.8 

WATER  SUPPLY. 

The  main  source  of  water  supply  is  the  Rio  Grande,  the  water  being 
diverted  by  small  canals  or  ditches  constructed  on  a  gently  descend- 
ing grade  following  the  contour  of  the  country  until  they  reach  points 
at  considerable  distance  from  the  river.  The  water  from  these  can 
then  flow  upon  the  lower  land  down  toward  the  main  stream.  A  small 
quantity  is  also  pumped  from  underground,  as  described  later.  As 
the  methods  of  management  of  the  canals,  distribution  of  the  water, 
and  its  application  to  the  soil  are  governed  to  a  considerable  extent  by 
the  character  of  the  Eio  Grande,  it  is  essential  to  have  clearly  in  mind 
some  of  its  characteristics. 

FLOW  OF  THE  BIO  OBANDE. 

This  river  rises  in  the  mountains  of  southern  Colorado  and  flows  in  a 
general  easterly  and  southerly  course  through  the  broad  San  Luis  Val- 
ley, entering  the  deep  canyons  of  northern  Few  Mexico.  Here  it 
receives  numerous  tributaries  from  both  sides,  and  passes  in  succession 
through  a  number  of  naiTow  valleys  in  central  and  southern  New  Mex- 
ico, Mesilla  Valley  being  the  last  of  these.  Leaving  this,  the  river 
passes  through  the  narrow  gorge  at  El  Paso  and  forms  the  international 
boundary  between  the  United  States  and  New  Mexico.  Measurements 
of  the  volume  of  this  stream  have  been  made  by  the  United  States  Geo- 
logical Survey  near  its  head  waters  at  Del  Norte  in  Colorado;  also  at 
Embndo  and  San  Marcial,  New  Mexico,  and  at  El  Paso,  Texas.  The 
results  of  these  latter  indicate  the  quantity  of  water  which  has  passed 
through  Mesilla  Valley.    For  the  details  of  river  flow  reference  may  be 
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made  to  the  aunual  reports  of  this  Survey,  aiid  especially  to  the  prog- 
ress reports  of  the  Division  of  HydrographyJ  • 

The  first  river  station  on  the  Eio  Grande  near  El  Pa^so  was  at  Old 
Fort  Bliss,  about  1,500  feet  above  the  Mexican  dam.  Observations  and 
measurements  were  made  here  from  May  10, 1889,  until  the  end  of  June, 
1893;  but  on  the  abandonment  of  Old  Fort  Bliss  the  river  rods  and 
equipment  were  stolen.  A  new  station  was  established  on  January  24, 
1895,  at  the  pump  house  of  the  smelting  works  near  the  station  Towne, 
on  the  Atchison,  Topeka  and  Santa  Fe  Railroad,  1^  miles  above  Old 
Fort  Bliss.  The  channel  is  of  such  an  unstable  character  that  no 
definite  relation  can  be  established  between  gage  height  and  discharge. 

Observations  of  gage  height  were  begun  on  January  25,  1895,  at 
which  date  the  gage  reading  was  6.5  and  the  discharge  230  cubic  feet 
per  second.  The  water  height  fluctuated  above  and  below  this  point 
during  the  month  of  February,  and  in  March  reached  a  maximum  of  8.5, 
considerably  more  water  being  discharged  in  March  than  in  February. 
The  discharge  during  the  months  of  April,  May,  June,  July,  and  August 
was  in  general  much  greater  than  in  the  month  of  March;  but  only  one 
measurement  of  discharge  was  made — that  on  July  19 — which  showed 
a  gage  height  of  8.15  and  a  discharge  of  1,039  second- feet.  The  average 
for  August  was  something  more  than  1,000  second-feet;  but  from  the 
first  of  September  the  river  declined  in  volume  irregularly  until  on 
September  25  a  measurement  showed  but  76  second-feet,  and  at  the 
end  of  that  month  the  river  was  entirely  dry.  Very  little  water  was 
discharged  during  the  month  of  October,  but  in  November  it  gradually 
rose  almost  throughout  the  month,  reaching  a  maximum  gage  height 
on  November  29  of  7.75,  discharging  perhaps  500  cubic  feet  per  second. 
The  discharge  for  the  month  of  December  fluctuated  between  200  and 
500  cubic  feet  per  second. 

Throughout  1896  the  readings  were  continued.  During  the  month  of 
January  the  minimum  gage  reading  was  5.85  on  the  first  of  the  month, 
and  the  maximum  7.60  on  January  17.  A  measurement  made  January 
11,  at  gage  height  6.15,  gave  a  discharge  of  150  second-feet.  Another 
measurement  on  January  23,  at  a  gage  reading  of  7.30,  gave  a  discharge 
of  379  second-feet.  The  range  during  the  month  was  probably  between 
100  and  400  second-feet.  February  maintained  a  somewhat  higher 
average  than  this,  though  the  maximum  was  i>robably  not  so  great. 
March  was  closely  comparable  with  January. 
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The  months  of  April  and  May  gave  the  largest  rnn-off  of  any  months 
of  the  year,  with  the  possible  exception  of  October.  In  the  latter  part 
of  May  and  early  June  the  volume  of  the  river  declined  steadily  until 
June  20,  when  there  was  practically  no  running  water  at  the  station, 
which  condition  continued  to  the  end  of  the  month.  A  slight  rise 
occurred  early  in  July,  but  lasted  only  a  few  days,  and  the  river  was 
then  nearly  dry  until  July  17,  when  a  heavy  general  rain  occurred,  rais- 
ing the  water  to  8.38  feet  on  the  gage.  The  river  was  further  swollen 
on  July  24,  and  then  declined  until  August  24,  when  it  was  again  dry, 
and  remained  so  most  of  the  time  until  September  23,  when  it  was 
again  swollen  by  rain  and  increased  in  volume  irregulary  until  on  the 
16th,  17th,  and  18th  of  October  the  greatest  discharge  of  the  year 
occurred,  the  gage  reaching  a  maximum  of  10.6  on  October  16,  and 
declining  by  October  30  to  7.25  feet.  During  November  and  December 
the  discharge  varied  irregularly  from  about  50  second-feet  to  about  300. 
The  total  discharge  for  1896  was  much  less  than  for  1896. 

Estimated  monthly  discharge  of  Bio  Grande  at  El  Paso,  Texas, 

[Drainage  area,  30,000  aqnare  miles.] 


DiBcharge  in  aecond-feet. 

Total  in 
aore-feet. 

Rnn-off. 

Month. 

Maytmnm. 

Minimmn. 

Mean. 

Depth  in 
inches. 

Second-feet 

per  square 

mile. 

1897. 

January  

February 

March 

1,260 

230 

120 

4,225 

17,000 

11,000 

5,300 

600 

2,880 

5,000 

1,695 

1,015 

17,000 

90 

125 

30 

40 

5,000 

2,000 

300 

0 

0 

230 

810 

460 

00 

305 

194 

72 

1,740 

8,312 

6,095 

1,330 

132 

705 

1,758 

1,132 

680 

1,871 

18,  753 

10, 774 

4,427 

103, 537 

511,085 

362, 678 

81,778 

8,117 

41,960 

108,095 

67,a58 

41, 812 

1, 360, 374 

.011 
.006 
.002 
.064 
.320 
.226 
.051 
.005 
.025 
.068 
.043 
.026 
.847 

.010 
.006 
.002 

April 

.058 

l4y 

.277 

Jnn^ , . ,  -  . 

.203 

July 

.044 

w    *»*  J        .......     .... 

August 

.004 

September 

October 

November 

December 

Per  annum 

.023 
.059 
.038 
.023 
.062 

SUMMER  DBOUaHTS. 

It  will  strike  the  casual  visitor  as  strange  that  the  Mesilla  Valley, 
with  the  advantages  of  a  soil  almost  unequaled  in  fertility,  a  climate 
adapted  to  all  kinds  of  grain  crops,  alfalfa,  and  most  of  the  choicest 
firnits  and  vegetables,  and  with  proximity  to  remanerative  markets, 
should  have  made  so  little  progi'ess  in  agriculture  and  that  the  country 
should  have  been  so  sparsely  settled.  The  cause  is  the  uncertainty  of 
the  water  supply.  For  reasons  which  will  be  discussed  further  on,  the 
Bio  Grande,  which  furnishes  water  to  all  the  irrigating  canals,  is  liable 
to  become  quite  dry  at  any  time  in  the  summer  months  after  July  1. 
IBB  10 2 
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This  occurred  in  the  years  1891,  1894,  and  1896,  although,  with  the 
exception  of  1879,  the  country  had  not  suffered  from  drought  for  many 
years  previous. 

There  is  a  popular  belief  that  these  droughts  are  due  to  the  great 
and  increasing  number  of  irrigating  canals  that  are  taken  out  of  the 
river  in  Colorado  and  all  along  its  upper  course  in  New  Mexico.  That 
these  must  influence  itB  flow  lower  down  can  not  be  disputed,  but  the 
general  consensus  of  opinion  among  irrigation  engineers  is  that, 
although  the  flow  would  be  lessened  during  the  x)eriod  of  irrigation,  it 
would  last  longer,  owing  to  the  fact  that  a  large  portion  of  the  water 
used  in  irrigation  sinks  into  the  ground  and  ultimately  finds  its  way 
back  into  the  river,  which  is  the  natural  drainage  channel  of  the 
country.  Without  venturing  to  decide  this  question,  I  believe  that  there 
are  other  and  more  cogent  reasons  why  the  river  occasionally  goes  dry, 
and  why  it  has  done  so  with  greater  frequency  during  recent  years. 

It  is  an  established  fact  that  the  river  occasionally  went  dry  in  for- 
mer years,  when  no  irrigation  canals  existed  along  its  upper  course. 
This  I  know  from  numerous  inquiries  I  have  made  among  the  old 
Mexican  settlers.  Moreover,  history  tells  us  that  three  hundred  years 
ago  Ooronado,  in  his  invasion  of  New  Mexico,  crossed  the  river,  just 
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Lower  hvet  of  Groundwater  ^••'"  *^  ""^' 

FiQ.  1.— DiAgram  iUnBtrating  rise  and  fall  of  groaiid  water  of  the  vaUey. 

above  the  Mesilla  Valley,  on  dry  land.  Evidently,  therefore,  these 
occasional  droughts  may  be  traced  to  some  other  cause  than  the  canals 
taken  out  higher  up  the  river.  This  cause  I  believe  to  be  the  exception* 
ally  small  rainfall  along  the  course  of  the  river  which  precedes  a  year 
of  dearth  of  water,  and  from  all  the  information  I  have  been  able  to 
gather  this  small  rainfall  has  been  especially  marked  of  late  years  as 
compared  with  what  it  used  to  be  ten  or  twelve  years  ago. 

Owing  to  the  peculiar  manner  in  which  the  underground  water  is  held 
in  the  valley,  it  is  quite  possible,  and  indeed  certain,  that  a  heavy  rain- 
fisdl  in  one  or  more  years  may  make  its  influence  felt  for  some  years  sub- 
sequently. To  understand  this  it  must  be  explained  that  there  is  not 
a  point  along  the  whole  valley  of  the  Rio  Grande  in  southern  New 
Mexico  at  which  water  in  abundance  can  not  be  found  at  a  depth  seldom 
exceeding  14  feet,  and  there  is  good  reason  for  believing  that,  even  in 
the  driest  season,  there  is  below  the  surface  an  underground  flow 
which  never  ceases.  It  is  also  well  known  that  in  seasons  of  drought 
this  underground  stratum  of  water  sinks  very  considerably,  and  I  have 
been  informed  by  some  of  the  old  Mexicans  that  at  points  where  many 
years  ago  the  water  was  to  be  found  at  a  depth  of  only  6  feet  it  is  now 
14  feet  below  the  surflEMse. 


BABDR.]  WATER   SUPPLY.  19 

This  snpply  of  undergroaiid  water  is  fed  by  the  torrents  of  rain  which 
frequently  fall  on  the  adjacent  mountain  ranges.  Whether  the  ground 
water  rises  or  falls  depends  npon  these  rains;  and  the  extent  to  which 
the  higher  or  lower  level  of  this  so-called  underflow  may  affect  the  flow 
of  the  river  is  best  appreciated  by  reference  to  the  accompanying  dia- 
gram, showing  the  i)OBition  that  the  ground  water  may  occupy  accord- 
ing as  its  level  rises  or  falls.  The  dotted  line  represents  the  level  of 
the  river  bed.  When  the  underflow  is  at  the  higher  level  it  will  be  seen 
that  not  only  does  the  open  river  practically  flow  over  a  body  of  water, 
but  it  ibay  receive  a  vast  increase  from  this  source.  On  the  other 
hand,  when  the  level  of  the  ground  water  falls  beneath  the  level  of  the 
river  bed,  there  will  be  an  immense  loss  of  water  from  the  latter.  How 
great  the  loss  may  be  can  be  imagined  when  one  takes  into  considera- 
tion the  fact  that  this  ground  water  averages  probably  several  miles  in 
width  during  the  whole  course  of  the  river. 

Of  course  the  seepage  from  the  river  bed  into  the  .water-bearing 
strata  below  is  very  slow  and  gradual.  Were  it  otherwise,  the  river 
would  be  continually  disappearing  below.  I  do  not  advance  this 
theory  as  one  that  is  thoroughly  proved.  A  series  of  long  and  some- 
what costly  tests  by  experts  would  be  required  to  prove  it,  whereas  I 
have  had  to  depend  upon  only  such  information  as  I  have  been  able  to 
gather  during  a  long  residence  in  the  valley. 

WATEB  STOBAGE. 

Hitherto  the  scarcity  of  water  has  not  been  so  great  as  to  injure  the 
orchards  and  vineyards,  and  there  has  not  been  much  loss,  at  least 
in  the  upper  part  of  the  valley,  beyond  an  extra  cutting  of  alfalfa,  or 
an  occasional  crop  of  vegetables.  It  is  the  fear  of  worse  to  come, 
rather  than  actual  loss,  which  has  prevented  the  investment  of  the 
capital  necessary  to  develop  the  valley.  There  is,  however,  a  remedy, 
and  that  is  to  build  a  dam  and  reservoir  at  one  of  the  many  available 
sites  higher  up  the  river.  This  would  furnish  a  never-failing  supply  of 
water,  as  the  surplus  waters  of  the  river  during  the  flood  seasons  are 
more  than  sufficient  to  fill  the  necessary  reservoirs. 

With  this  object  in  view  an  English  company  has  recently  been 
formed  and  the  capital  has  been  raised  in  London.  It'  is  proposed  to 
build  at  Elephant  Butte,  a  point  on  the  Eio  Orande  some  60  miles 
higher  up  the  river  than  the  Mesilla  Valley,  a  dam  of  uncoursed  rubble 
masonry,  laid  in  cement,  96  feet  high,  which  will  form  a  lake  capable,  it 
is  claimed,  of  holding  11,000  million  cubic  feet  of  water,  or  sufficient  to 
cover  250,000  acres  of  land  with  12  inches  of  water.  The  cost  is  esti- 
mated at  $262,000.  From  this  reservoir  can  be  irrigated  not  only  the 
Mesilla  Valley,  but  also  the  valleys  of  Lomo  Parda,  Colorado,  and 
Binoon,  above.  A  smaller  weir  dam,  which  will  rise  9  feet  above  the 
level  of  the  river,  is  also  to  be  built  at  Fort  Selden,  just  at  the  head  of 
the  Mesilla  Valley,  at  a  cost  of  $75,000.    This  portion  of  the  project  is 
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to  be  completed  first.  With  either  or  both  of  these  dams  many  thou- 
sand acres  of  land  now  lying  idle  for  want  of  water  will  be  brought 
under  cultivation,  and  doubtless  a  great  impetus  will  be  given  to 
agriculturcy^and  more  especially  to  horticulture,  in  the  Mesilla  Valley. 

QUAI.ITY  OF  WATER. 

Owing  to  the  rich  fertilizing  ingredients  which  are  contained  in  the 
muddy  waters  of  the  Rio  Grande  this  river  is  often  called  the  "Nile of 
America."  Prof.  Arthur  Goss  states^  that  the  water  adds  to  the  land 
eight  times  as  much  potash  as  is  required  for  either  alfalfa  or  wheat, 
five  times  as  much  phosphoric  acid  as  is  needed  for  a  crop  of  wheat, 
and  nearly  double  that  required  for  alfalfa*.  As  regards  nitrogen,  the 
most  valuable  of  all  fertilizers,  the  water  supplies  more  than  double 
what  is  required  by  the  wheat.  It  is  true  that  it  does  not  supply  all 
the  nitrogen  required  by  the  alfalfa,  but  there  is  every  reason  to  believe 
that  the  water  deposits  more  than  is  removed  by  this  plant,  which  is 
capable  of  deriving  most  of  its  nitrogen  from  the  air. 

I  am  acquainted  with  land  in  the  Mesilla  Valley  which  for  forty  years 
has  borne  a  yearly  crop  of  wheat  or  corn,  often  both  in  one  year,  with- 
out application  of  any  manure,  and  is  now  richer  than  when  first  culti- 
vated. And  in  the  valley  below  Juarez,  where  the  same  circumstances 
prevail,  land  has  thus  been  cropped  from  time  immemorial,  probably 
for  two  hundred  and  fifty  years. 

Professor  Goss  says : 

There  seems,  on  the  whole,  to  be  good  evidence  that  the  land  here  in  the  valley  is 
practically  inexhaustible  when  irrigated  with  sufficient  quantities  of  the  river 
water.  In  this  connection  might  be  mentioned  the  fact  that  fields  of  alfalfa  can  be 
found  here  which  have  stood  for  more  than  fifty  years  without  being  reset,  and 
which  produce  as  good  crops  now  as  ever.  Mr.  O.  C.  Snow,  a  large  alfalfa  grower 
here  in  the  valley,  states  that  he  has  produced  excellent  alfalfa  from  land  originally 
consisting  almost  entirely  of  pure  white  sand,  which  would  hardly  produce  any- 
thing before,  by  simply  irrigating  with  the  muddy  river  water,  using  large  quanti- 
ties at  first  to  get  a  coating  of  the  sediment  over  the  sand  and  then  seeding  it  to 
alfalfa  sind  irrigating  at  the  usual  intervals. 

It  is  also  unquestionably  true  that  much  of  the  land  here  in  the  valley  has  been 
cultivated  for  a  very  long  time  and  is  yet  exceptionally  fertile.  It  is  also  well 
known  in  the  case  of  other  rivers  that  the  land  upon  which  their  sediments  are  depos- 
ited is  inexhaustible.  The  Nile  funiishos  a  good  example  of  this  fact,  the  land 
along  this  stream  having  been  cropped  for  ages  without  becoming  impoverished. 

Taking  everything  into  consideration,  it  seems  very  probable,  indeed,  that  fertile 
land  in  the  Rio  Grande  Valley  would  never  become  so  far  exhausted  as  to  produce 
very  poor  crops  if  sufficient  muddy  water  from  the  river  is  applied  to  it.  *  *  * 
As  long  as  the  river  contains  plenty  of  water  the  farmers  in  the  Rio  Grande  Valley 
certainly  have  much  for  which  to  be  thankful.  Favored  with  a  naturally  fertile 
soil,  they  have  the  means  at  hand,  in  the  ever-present  sediment  in  the  water,  of  per- 
manently maintaining  that  fertility.  With  the  small  amount  of  rainfall,  cloudless 
skies,  and  dry  atmosphere  the  conditions  for  many  agricultural  operations,  such  as 
the  curing  of  hay  and  ripening  of  fruit,  are  about  as  perfect  as  could  be  desired. 


1  Ball.  New  Mexioo  Experiment  Station,  Ko.  12.    The  value  of  Kio  Grande  water  for  the  pnrposea  of 
ixrigation. 
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Add  to  this  the  fact  that  under  a  system  of  irrigation  the  water  is  under  the  control 
of  the  fanuer,  and  one  of  the  most  uncertain  factors  in  the  agriculture  of  rainfall 
districts  is  removed.  With  a  sufficient  water  supply  agriculture  iu  the  Rio  Grande 
Valley  is  about  as  nearly  a  mathematical  science  as  it  can  be  made. 

CANAL   SYSTEM. 

It  would,  of  course,  be  superfluous  to  describe  to  au  engineer  how  the 
canals  are  built  and  the  water  is  diverted  from  the  river  to  the  land  with- 
out the  use  of  any  power  but  that  of  gravity,  but  it  may  be  of  interest 
to  those  who  have  never  visited  an  irrigation  country  to  learn  how  it  is 
done.  It  must  be  understood  that  as  the  river  flows  down  the  valley 
there  is  a  continuous  fall  in  the  land  from  the  head  of  the  valley  to  the 
other  end.  In  the  accompanying  diagram,  A  is  the  head  of  the  valley 
and  B  the  lower  end. 
Again,  in  almost  all  val-  iiA 
leys  there  is  a  more  or 
less  rapid  fall  from  the 
sides  to  the  middle, 
where  the  river  flows. 
Therefore  there  will  be 
points  (G  and  D)  some- 
where along  the  valley 
which  will  be  considera- 
bly higher  than  the  river 
at  E  and  yet  be  a  little 
lower  than  point  A. 

It  follows  that  if  the 
river  falls,  say,  1  foot  in 
100,  and  if  a  ditch  or 
canal  taken  out  at  A  is 
made  to  follow  the  con- 
tour of  the  side  hills  with 
a  fall  of  only  1  in  500  it 
will  very  soon  get  higher 
than  the  level  of  the 
river,  and  that,  as  the  valley  widens  and  the  canal  seeks  the  higher 
ground,  it  will  gradually  get  farther  and  farther  away  from  the  river, 
until  by  the  time  it  has  run,  say,  8  or  10  miles,  there  will  be  a  consider- 
able space  intervening  between  it  and  the  river.  It  is  this  strip  of 
land  between  the  canals  on  the  higher  level  and  the  river  on  the  lower 
which  is  capable  of  irrigation.  The  head  or  inlet  of  a  canal  is  shown 
in  the  accompanying  view  (PL  III),  the  water  in  the  river  being 
obstructed  In  its  course  by  a  temporary  dam  of  brush  and  stone. 
Entering  the  canal,  the  water  flows  usually  on  a  gentle  grade,  and  at 
convenient  points  is  taken  out  by  lateral  ditches,  which  carry  it  to  the 

fields. 
Occasionally  the  canal  passes  over  land  where  there  is  a  sudden  falL 


FiQ.  2.— Diagram  illiiBtrating  method  of  diverting  canalB  from 

tbe  river. 
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At  these  points  mills  driven  by  water  power  may  be  established. 
There  are  two  sncb  mills  grinding  wheat  at  Las  Graces,  and  others  at 
Mesilla  and  Ghamberino,  although  in  recent  years  the  millers  of  Las 
Gruces  have  foond  it  profitable  to  supplement  the  water  power  with 
steam. 

MANAaEMENT  OF  THE  OANALS.     . 

The  irrigating  canals  or  ditches  in  the  Mesilla  Valley,  of  which  there 
are  eight,  are  called  locally  by  the  Spanish  name  acequia  (pronounced 
ah-sa'-ke-ah),  and  are  what  are  termed  <<  communal  ditches;"  that  is, 
they  were  built  and  are  owned,  kept  in  repair,  and  regulated  by  the 
members  of  the  community  who  hold  lands  under  them. 

On  the  first  Monday  in  December  of  each  year  the  co-owners  of  the 
ditch  hold  a  public  meeting  and  elect  three  of  their  members  as  com- 
missioners, in  whom  the  control  of  the  ditch  is  vested  for  the  ensuing 
year.  These  commissioners  select  one  of  their  number  as  secretary,  who 
usually  receives  a  small  salary,  the  other  two  acting,  resx)ectively,  as 
president  and  treasurer  without  remuneration.  A  mayordomo,  or  water 
boss,  is  also  elected  by  the  i>eople,  and  he,  too,  must  be  a  co-owner  in  the 
ditch.  He  receives  a  salary  ranging  from  $500  downward.  It  is  his 
duty  to  sux)erintend  the  cleaning  and  repairing  of  the  ditch  and  also  the 
distribution  of  the  water,  in  which  he  is  usually  assisted  by  a  second 
mayordomo,  appointed  and  paid  by  the  commissioners. 

These  elections  are  held  under  the  management  of  the  outgoing  com- 
missioners, and  votes  are  cast  in  proportion  to  the  amount  of  land  held 
by  each  owner,  or,  rather,  in  proportion  to  the  work  he  may  be  called 
upon  to  perform,  for  small  vegetable  and  town  gardens  are  assessed  at 
about  double  the  proportion  for  which  form  land  is  liable.  A  farm  of 
52^  acres,  which  is  called  a  ierrerio,  the  old  Mexican  division  of  land,  is 
entitled  to  6  votes,  and  so  on  in  proportion,  every  owner  being  entitled 
to  at  least  1  vote,  however  small  his  interest. 

The  ditch  must  be  thoroughly  cleared  of  the  accumulation  of  mud 
and  sediment  every  year.  This  is  usually  done  early  in  February,  or  as 
soon  as  danger  of  extreme  frost  is  passed.  When  the  time  comes  to 
commence  work,  the  mayordomo  notifies  all  landowners  and  tenants, 
and  each  one  must  perform  his  allotted  share  or  number  of  days  of  the 
work,  in  proportion  to  the  land  he  irrigates,  or  in  default  pay  75  cents  per 
day.  In  olden  times  this  notice  was  given  out  on  the  preceding  Sunday 
ftom  the  steps  of  the  Eoman  Gatholic  church  door;  but  times  and  man- 
ners have  changed. 

In  money  this  work  usually  amounts  to  50  to  75cents  per  acre,  although 
sometimes,  owing  partly  to  mismanagement  and  partly  to  misfortune, 
it  has  been  considerably  higher.  So  fie^  as  I  have  been  able  to  judge 
during  my  term  of  ofQce  as  president  of  the  Las  Gruces  ditch,  I  believe 
that  in  the  future  the  total  exx)enses  will  not  exceed  50  cents  per  acre  per 
annum.  This  economy  is  due  largely  to  an  act  passed  by  the  last  legis 
lature,  which  gives  the  three  commissioners  control,  whereas  by  the  old 
custom  the  entire  management  was  left  to  the  mayordomo,  who,  being 
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practically  nnaccoantable  to  anyone,  frequently  abased  the  confidence 
placed  in  him.  By  this  act  the  treasurer  and  mayordomo  are  also 
obliged  to  give  bond  for  the  proper  x>erformance  of  their  duties. 

The  method  of  assessing  the  work  varies  in  the  different  ditches.  By 
the  old  system  the  men  were  called  out  and  kept  at  work  until  the 
ditch  was  cleaned  and  repaired,  the  owner  of  a  farm  of  52^  acres  being 
compelled  to  do  six  days'  work  per  week  during  the  time  consumed  in 
cleaning  and  repairing,  the  owners  of  smaller  tracts  working  a  propor- 
tionately fewer  number  of  days.  A  special  cash  assessment  was  made 
to  pay  the  salary  of  the  mayordomo  and  to  cover  other  cash  outlays, 
payable  one-half  after  the  wheat  harvest  and  the  other  half  after  the 
com  was  gathered  in.  This  is  the  system  still  pursued  on  the  Mesilla 
ditch. 

On  the  Las  Oruces  acequia  a  different  method  prevails.    At  the  com- 
mencement of  the  year  the  commissioners  make  an  estimate  of  the 
amount  of  work  and  money  required  for  the  year.    Each  landowner 
is  then  assessed  his  proi>ortiofi  of  days'  work,  or  <*  fatigue,"  as  it  is 
called.    He  may  do  this  work  himself  or  employ  others  to  do  it,  as  he 
finds  convenient,  provided  always  that  all  his  work  is  done  within  a 
certain  limit  of  time,  say  three  weeks;  that  is,  if  assessed  eighteen 
days,  he  may  work  one  man  a  day  for  three  weeks,  or  three  men  for  one 
week,  or  he  may  pay  the  commissioners  in  cash  at  the  current  rate  of 
wages,  which  is  fixed  at  75  cents  per  day.    As  most  of  the  Americans 
consider  it  beneath  their  dignity  to  work  at  digging  mud  from  the 
ditch,  they  employ  native  Mexicans  to  do  the  work  for  them,  or,  as  is 
often  the  case  now,  they  pay  the  commissioners  in  cash,  and  out  of  this 
cash  fund  the  salaries  of  the  water  bosses  and  other  expenses  are  paid. 
Each  man  on  coming  to  work  has  a  certain  length  of  ditch  allotted 
to  him  to  clean  out,  which  is  called  a  tareaj  and  is,  in  the  mayordomo's 
judgment,  a  fair  day's  work;  but  it  often  happens  that  a  man  is  able  to 
complete  eight  tareas  in  one  week.    The  men  usually  work  in  gangs, 
for  the  sake  of  conversation  and  society.    Most  of  the  work  is  done 
with  the  ordinary  short  diggiag  spade,  but  scrapers  and  teams  are 
occasionally  needed,  and  the  only  part  of  the  work  which  the  American 
&rmer  deigns  to  x>6rform  is  to  provide  the  latter.    The  amoimt  of 
material  removed  is  illustrated  by  the  accompanying  view,  PI.  Y ,  show- 
ing the  accumulated  material  as  thrown  out  upon  the  banks  of  a  ditch. 
Periodical  meetings  are  held  by  the  commissioners,  when  all  claims, 
disputes,  and  complaints — and  they  are  not  few — are  brought  before 
them  for  settlement.    If  their  decision  is  disputed,  which  most  rarely 
happens,  the  case  may  be  carried  into  court.    In  this  respect  the  sys- 
tem is  inferior  to  the  old  custom  as  it  still  exists  in  Spain.    I  well 
remember  passing  by  the  old  cathedral  at  Valencia,  on  the  shores  of 
the  Mediterranean,  when  the  ditch  commissioners  were  holding  court 
under  the  cathedral  porch.    Three  serious-looking  Spanish  peasants, 
dressed  in  the  old  Moorish  costume  and  leaning  on  their  long  stafQi, 
were  gravely  listening  to  the  various  claims  and  disputes  brought  before 
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them.  Their  verdicts,  given  rapidly  and  with  decision,  seemed  to  give 
satisfactiou,  for  the  judges  were  naturally  well  acquainted  with  all  the 
circumstances,  needing  but  few  witnesses  and  no  lawyers.  From  their 
decision  there  was  no  appeal.  The  system  was  perhaps  rather  un-Amer- 
ican, but  it  worked  well,  and  the  people  here  still  seem  to  retain  their 
old  traditional  respect  for  the  decisions  of  the  ditch  commissioners. 

DISTRIBUTION  OF  WATER. 

No  scientific  method  of  apportioning  the  water,  either  by  measure- 
ment or  by  time,  has  been  adopted  in  the  Mesilla  Valley.  When  water 
is  abundant  everyone  helps  himself  whenever  he  needs  it;  and  should 
it  be  scarce,  as  is  sometimes  the  case,  the  mayordomos  arrange  to  let 
each  farmer  have  what  appears  to  them  a  fair  share,  that  share  being 
fixed  rather  by  the  needs  of  the  individual  than  by  his  share  of  interest 
in  the  ditch.  For  instance,  in  cases  of  scarcity  of  water  preference  is 
always  given  to  the  chili  or  red-pepper  patches  in  the  Mexican  gardens, 
for  a  Mexican  would  die  without  his  daily  ration  of  chili. 

The  water  is  taken  from  the  main  ditch  into  the  larger  laterals,  or 


Fio.  3.— Box  for  taking  water  from  main  ditoh. 

contra  acequiaa,  as  they  are  called,  by  means  of  flood  gates,  raised  and 
lowered  by  a  windlass.  Usually  the  water  is  kept  continuously  flowing 
in  the  main  ditch  and  main  laterals,  and  the  surplus  is  allowed  to  find 
its  way  back  into  the  river  or  some  lake  at  a  point  lower  in  the  valley 
through  a  waste  ditch  or  desague.  The  water  is  let  out  into  the  smaller 
laterals  from  the  main  ditch  and  larger  laterals  by  means  of  boxes 
made  of  3-inch  lumber,  with  a  head  gate  at  one  end,  as  shown  in  fig.  3. 
When  this  gate  is  lifted  the  water  of  course  fiows  out,  and  when  the 
necessary  amount  of  water  has  been  carried  onto  the  land  the  gate  is 
shut  dpwn. 

METHODS  OF  APPLYING  WATER- 
FLOODINO  IN  CHECKS. 

In  order  to  get  the  water  upon  the  land,  a  side  or  lateral  ditch  is 
carried  from  the  main  ditch  or  larger  lateral  along  the  highest  side  of 
the  land  to  be  irrigated.    The  field  is  then  laid  out  into  squares  or 
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oblong  beds — check  beds,  as  they  are  nsnally  called — surrounded  by 
borders  of  earth  about  a  foot  high.  These  check  beds  vary  in  size  from 
30  feet  square  to  60  by  100  feet,  according  to  the  fall  of  the  land  and 
the  crop  to  be  irrigated.  Of  course  if  the  fall  of  the  land  is  great  the 
check  beds  must  be  correspondingly  smaller. 

The  water  is  let  into  the  first  bed  from  the  lateral  ditch,  either  by 
means  of  a  box  and  gate,  as  already  described,  or  by  breaking  down 
an  opening  in  the  bank  with  a  large  hoe.    As  soon  as  the  first  bed  is 


S  ^^  3 

I  tSSSaSSSSSPKSSSIXXBlSS!^ 

S  ^w  *■■■»>  iiiHiiiMiiiiHWMiiiiiwpiia^ 

Vm»Mni«iMiiu<ntii^i-;iM <'i«ntn»HiiHniii«tiimn«titmimi>t*Nntitniitiitpttni««Mtmiiinmm« 

TlQ,  4.— Diagram  illastrating  method  of  flooding  in  checks. 

flooded,  the  border  at  a  point  at  the  end  of  this  bed  is  broken  down  and 
the  water  allowed  to  flow  into  the  second  bed,  and  so  on  until  the  whole 
field  has  been  flooded.  Of  course  a  series  of  these  beds  may  be  irri- 
gated at  the  same  time,  the  number  depending  upon  the  flow  of  water. 
The  accompanying  diagiam,  fig.  4,  shows  the  system.  Beds  numbered 
1,  5,  9,  and  13  may  all  be  irrigated  simultaneously,  and  as  they  are 
finished  those  adjoining  are  flooded. 

This  is  the  system  invariably  practiced  by  the  Mexicans,  but  it  has 
the  disadvantage  of  letting  the  water  drain  off  from  the  upper  beds 
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onto  the  lowest  one  when  the  water  is  shut  off,  thus  giving  an  nndae 
proportion  of  water  to  the  end  bed.  A  better  plan,  and  one  adopted 
by  some  of  the  more  observant  farmers,  is  to  open  up  all  the  checks 
and  let  the  water  run  unobstructed  to  the  end;  then,  when  the  water 
has  covered  the  lowest  square  or  bed  about  3  inches  deep,  it  is  shut 
off  from  that  bed  and  the  next  above  is  filled,  and  so  on  back  to  the 
head  of  the  land.  By  this  method  it  is  claimed  that  the  land  is  watered 
more  uniformly. 

This  system  of  flooding  and  level  culture  is  practiced  for  all  small 
grain  crops,  beans,  orchards,  and  alfalfa,  but  for  the  latter  crop  the 
borders  are  made  lower  and  broader,  so  as  not  to  interfere  with  the 
mower  and  rake,  and  the  land  must  be  very  carefully  graded  before 
the  alfalfa  is  sown. 

For  crops  cultivated  on  ridges,  such  as  tomatoes,  chili,  sweet  pota- 
toes, etc.,  a  modification  is  introduced.  Bidges  are  made  in  the  check 
beds,  as  shown  in  beds  2,  3,  and  4  of  the  diagram,  the  ridges  being 
shaded  in  the  diagram  and  the  furrows  running  between.  The  water 
is  let  in  at  the  corner  of  the  bed  and  allowed  to  run  until  the  ftirrows 
between  the  ridges  are  filled,  when  it  is  let  into  the  next  bed  ajid  the 
same  operation  is  repeated. 

FUBBOW  IBBiaATION. 

So  far  what  is  known  as  the  flooding  system  of  irrigation  has  been 
described,  and  this  has  proved  to  be  the  only  practical  way  of  irrigating 
many  crops,  such  as  small  grains,  alfietlfa,  etc.  But  for  orchards  the 
furrow  system  has  been  recommended,  owing  to  its  successful  and  almost 
universal  adoption  throughout  Oalifornia.  This  system  consists  in  ox>en- 
ing  up  a  number  of  small  furrows  by  means  of  an  ordinary  or  double- 
moldboard  plow  between  the  rows  of  trees.  The  water  is  then  allowed 
to  run  slowly  down  these  furrows  from  one  end  of  the  field  to  the  other 
until  the  land  is  perfectly  saturated,  the  time  occupied  often  being 
twelve  hours. 

The  advantage  of  the  furrow  system  is  that  the  water  is  thereby  pre- 
vented &om  coming  in  contact  with  the  trunks  of  the  trees,  a  contact 
which  is  often  harmftil,  causing  sun  scald.  The  land  is  also  more  easily 
cultivated  and  the  surface  reduced  to  a  finer  tilth  after  such  irrigation, 
for,  not  being  all  wet  at  the  top,  it  is  mostly  left  in  a  friable  condition 
after  the  furrows  dry  out,  whereas  by  the  flooding  system  all  the  sur- 
face soil  gets  compact  and  hard,  rendering  subsequent  cultivation 
somewhat  difficult.  Some  three  or  four  years  ago  the  furrow  system 
was  much  talked  of  and  was  actually  tested  at  the  experiment  station, 
but,  whether  from  the  insufficient  amount  of  water  applied  or  the  innate 
defects  of  the  system,  the  results  were  not  satisfactory,  and  the  most 
intelligent  farmers  condemned  the  furrow  system  of  irrigation  as  being 
impracticable  on  this  soil. 

Theoretically  the  furrow  system  is  perfect,  and  it  certainly  gives  satis- 
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&ctory  results  in  Oalifornia,  where  doubtless  the  soil  is  more  porous 
thau  in  the  Mesilla  Valley  and  the  water  is  of  a  different  character* 
After  much  x>6rsonal  observation  I  am  inclined  to  believe  that  it  is 
nnsuited  to  the  circumstances  existing  in  this  valley.  In  the  first 
place,  the  soil  is  of  such  a  nonporous  character  that  there  is  little  or 
no  lateral  seepage,  and  it  may  be  frequently  noticed  that  one  portion 
of  a  field  will  be  completely  saturated  with  water,  while  the  soil  at 
a  distance  of  only  a  few  feet  remains  perfectly  dry.  In  the  second 
place,  the  river  water  is  exceptionally  muddy,  and,  if  run  in  a  furrow 
for  any  considerable  length  of  time,  deposits  a  sediment  which  makes 
the  furrow  almost  water-tight  and  incapable  of  absorbing  the  water  in 
sufficient  quantity  to  saturate  the  adjoining  soiL  Almost  all  the  prac- 
tical orchardists  and  fiftrmers  have  come  to  the  conclusion  that  the 
flooding  system  is  the  only  effective  method  of  thoroughly  saturating 
the  soil,  and  this  opinion  is  shared  by  the  intelligent  German  truck 
gardeners  around  Albuquerque,  a  city  farther  up  the  river,  who,  as  the 
writer  found  on  a  recent  visit  there,  are  all  using  the  flooding  system. 
As  regards  the  danger  of  letting  the  water  come  in  contact  \rith  the 
trunks  of  the  trees,  this  is  and  should  be  obviated  by  planting  the 
trees  on  the  borders  of  the  check  beds  or  by  a  slight  mound  of  earth 
around  each  tree. 

QUANTITY  OP  WATER  NEEDED. 

The  amount  of  water  needed  for  irrigation  in  the  Mesilla  Valley  will 
naturally  vary  with  the  different  crops,  but  as  there  is  no  system  of 
measurement  adopted  it  is  impossible  to  fix  this  in  feet  or  inches.  In 
actual  practice  the  intelligent  farmer  irrigates  as  often  as  in  his  opinion 
the  crop  seems  to  need  water,  always  bearing  in  mind  that  for  fruit 
trees  and  deeply  rooted  plants  no  water  is  needed  so  long  as  the  soil  at 
the  depth  of  4  or  5  inches  is  sufficiently  moist  to  roll  up  into  a  ball, 
whether  the  land  was  irrigated  a  week  or  a  year  ago. 

How  much  water  is  used  or  needed  at  each  irrigation  is  an  open 
question,  as  no  tests  have  ever  been  made  in  the  valley.  It  may,  how- 
ever, be  said  that  a  great  deal  more  water  is  needed  in  this  arid  climate 
than  is  generally  supposed  and  often  recommended  by  irrigation  engi- 
neers, who  seem  in  their  writings  to  try  to  break  the  record  by  fixing 
the  amount  of  water  at  the  very  lowest  limit,  so  that  one  frequently 
reads  of  12  inches  per  year  being  sufficient  for  orchards  and  most  other 
crops,  while  24  inches  is  looked  upon  as  more  than  a  liberal  allowance. 
Now,  if  by  12  or  even  24  inches  in  the  year  is  meant  3  or  6  inches  in  any 
given  three  months  I  have  no  hesitation  in  saying  that  in  this  soil  and 
dry  climate  either  quantity  would  prove  utterly  inadequate.  Practical 
men  with  whom  I  have  discussed  the  subject  are  of  the  opinion  that 
not  less  than  4  inches,  and  often  6  inches,  of  water  will  be  profitably 
absorbed  by  the  soil  at  each  irrigation.  I  recently  made  the  experiment 
of  irrigatiug  a  field  of  strawberries  from  a  reservoir  holding  55,000 
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gallons,  and  although  the  soil  was  by  no  means  dry,  being  fairly  moist 
at  the  depth  of  4  or  5  inches  and  the  plants  had  not  yet  suffered  from 
drought,  I  found  that  this  amount  of  water,  used  sparingly,  was  surely 
sufi&cient  to  irrigate  four-sevenths  of  an  acre.  This  means  that  the  land 
had  all  been  covered  with  water  to  the  depth  of  3^  inches,  and  seems 
to  show  that  not  less  than  4  and  probably  5  inches  of  water  is  profitably 
used  at  each  irrigation.  As  orchards  and  many  other  crops  will  need 
4  and  often  6  irrigations  during  the  three  months  beginning  in  April  or 
May,  it  follow^  that  from  20  to  30  inches  may  be  considered  a  fair 
allowance  for  the  three  months,  and  an  average  of  probably  40  inches 
during  the  year. 

I  am  aware  that,  according  to  many  authorities  on  irrigation,  this 
quantity  will  appear  excessive,  but,  in  considering  the  amount  of  water 
needed  in  this  valley,  one  must  not  overlook  the  fact  that  the  atmos- 
phere here  is  one  of  the  driest  in  the  world  and  that  evaporation 
is  consequently  very  rapid.  Tests  made  at  El  Paso^  show  that  the 
amount  of  water  evaporated  in  an  open  pan  in  some  of  the  dry  months 
was  over  11  inches,  and  that  a  total  of  95  inches  has  been  reached  dur- 
ing a  year.  A  great  part  of  the  water  used  in  irrigation  is  transpired 
by  the  leaves  of  the  plants,  and  although  no  comparative  tests  have 
ever  been  made,  the  transpiration  is  doubtless  much  greater  in  a  dry 
climate  than  in  a  humid  one.  These  facts  account  for  the  large  amount 
of  water  which  appears  to  be  needed  and  profitably  used  in  this  valley. 

Taking  some  of  the  principal  crops,  I  find  that  the  number  of  irriga- 
tions given  is  as  follows :  A  peach  or  apple  orchard  will  need  one  irri- 
gation at  the  beginaing  of  winter,  another  early  in  the  year,  and  four 
or  five  from  April  to  August.  Wheat  land  is  usually  irrigated  before 
the  seed  is  plowed  in,  then  again  after  seeding,  and  five  times  subse- 
quently. If  the  wheat  is  sown  early,  say  by  November  1,  it  may  be 
followed  the  same  year  with  corn,  which  receives  six  irrigations.  Land 
thus  cropped  will  take  a  depth  of  from  55  to  60  inches  of  water  during 
the  year,  and  a  vegetable  garden  will  certainly  need  quite  as  much. 
Vineyards  usually  receive  five  irrigations  in  the  course  of  the  twelve 
months.  Alfalfa  will  drink  more  water  than  almost  any  other  crop.  It 
is  usual  to  give  it  a  good  soaking  early  in  winter,  another  at  the  end  of 
March,  and  one  every  fifteen  days  from  May  15  to  August  31,  and  a 
final  one  in  September,  or,  say,  ten  irrigations  during  the  year. 

Taking  the  average  of  these  crops,  which  are  the  principal  ones  raised 
in  the  valley,  we  find  that,  allowing  4^  inches  to  each  irrigation,  the  land 
receives  during  the  year  suf&cient  water  to  cover  it  to  a  depth  of  44 
inches,  and  many  farmers  undoubtedly  use  a  great  deal  more,  although 
the  more  intelligent  consider  the  quantities  mentioned  as  sufficient. 

In  November,  1893,  an  experiment  was  commenced  at  the  college 
farm  in  order  to  see  if  by  means  of  frequent  cultivation  a  much  less 
quantity  of  water  than  the  above  could  not  suffice.    The  peach  orchard 
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was  irrigated  in  November  and  again  in  March,  receiving  a  good  colti- 
yation  every  fortnight  daring  summer.  The  result  was  that,  although 
the  fruit  might  have  passed  muster  in  some  districts,  it  was  so  inferior 
to  the  peaches  raised  in  the  orchards  that  were  irrigated  during  the 
winter,  and  which  received  copious  supplies  of  water  every  eight  or  ten 
days  from  the  time  the  fruit  set  until  it  was  gathered,  that  I  should 
have  unhesitatingly  condemned  it  all  as  unmarketable  had  it  been 
offered  to  me  for  sale,  for  it  was  small,  dry,  and  "  runty.''  Moreover, 
by  July  the  trees  began  to  shed  their  leaves,  and  showed  unmistakable 
signs  of  sickness.  On  the  whole,  it  seems  to  be  somewhat  difficult  to 
apply  too  much  water,  provided  always  that  each  irrigation  be  followed 
by  a  complete  cultivation  of  the  surface  soil. 

CULTIVATION  AFTER  IRRIGATION. 

Although  much  has  been  learned  from  the  native  Mexicans  in  the 
art  of  farming  under  irrigation  there  is  one  fact  which  they  do  not 
seem  to  appreciate,  and  that  is  the  absolute  necessity  of  cultivating 
the  soil  after  each  irrigation  as  soon  as  it  is  dry  enough  to  work.  The 
Mexican  knows  that  cultivation  is  needed  to  keep  down  the  weeds,  but 
this  seems  to  be  the  limit  of  his  knowledge.  He  is  evidently  unaware 
of  the  fact  that  the  roots  of  the  plant  need  air  quite  as  much  as  water, 
and  that  the  muddy  water  plasters  down  the  surface  to  such  an  extent 
that  unless  it  be  broken  and  pulverized  after  each  irrigation  the  air  is 
practically  shut  oft'  from  the  roots  of  the  plant. 

The  killing  of  weeds  and  the  aeration  of  the  soil  are  not  the  only 
benefits  accruing  from  cultivation.  The  pulverization  of  the  surface 
soil  by  means  of  cultivation  helps  to  retain  the  moisture  in  the  soil 
below.  At  first  sight  it  usually  appears  to  have  the  opposite  effect,  for 
afber  the  soil  is  pulverized  it  dries  very  rapidly.  Last  summer  I  set  a 
Mexican  to  work  with  a  wheel  hoe  to  cultivate  strawberries.  After 
doing  about  half  an  acre  he  remarked  to  me  in  his  native  language, 
^'Patron,  it  seems  to  me  that  the  stirring  of  the  soil  will  make  it  dry 
out  much  faster  than  if  left  alone."  "  I  don't  think  so,  Jose,"  I  replied. 
"You  hoe  your  chili  after  each  irrigation.  Why  do  you  do  it?"  "Be- 
cause it  won't  grow  unless  we  keep  the  soil  around  continually  hoed,"  he 
explained.  "Yes,"  I  replied;  "it  is  because  the  loosening  of  the  top 
soil  preserves  the  moisture  below  and  lets  in  the  air  to  the  roots."  Nine 
days  later  I  took  my  Mexican  to  a  patch  of  ground  that  had  been  left 
unhoed,  and  he  was  obliged  to  admit  that  at  a  depth  of  3  inches  it  was 
much  drier  than  the  land  he  had  hoed,  and  when  he  again  cultivated 
the  soil  he  had  the  satisfaction  of  feeling  that  it  was  not  labor  lost. 

That  cultivation  of  the  upper  crust  of  the  soil  tends  to  prevent 
evaporation  of  the  moisture  below  is  a  fact  known  to  every  prac- 
tical farmer.  It  is  daily  being  proved  in  actual  practice,  but  the 
scientific  theory  upon  which  this  practice  is  based  is  little  under- 
stood.   Men  will  tell  you  it  is  so,  but  why  they  do  not  understand. 
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Even  soientific  writers  have  been  satisfied  by  stating  that  water  rises 
in  the  soil  by  capillo^ry  attraction,  as  oil  rises  in  the  wick  of  a  lamp, 
and  that,  by  cultivating  the  surface  soil,  one  breaks  up  the  capillarity 
and  so  prevents  evaporation,  or  that  the  fine  tilth  on  the  surface  acts 
as  a  blanket  in  retaining  the  moisture.  It  is  only  quite  recently  that 
a  more  perfect  explanation  has  been  given. 

When  the  soil  is  dry  each  little  particle  is  surrounded  by  an  air 
space.  Whenever  the  particles  come  in  contact  with  moisture  they 
have  the  power  of  attracting  that  moisture  and  of  surrounding  them- 
selves with  a  thin  film  of  water.  The  particles  next  to  the  water  first 
draw  the  water  around  themselves,  then  the  dry  particles  next  to  them 
in  turn  attract  it,  and  so  a  continuous  stream  is  set  up,  much  in  the 
same  way  that  a  wick  of  a  lamp  draws  up  the  oil.  This  goes  on  until 
the  whole  body  of  soil  is  saturated,  but  as  soon  as  the  water  reaches 
the  particles  on  the  surface  of  the  soil  this  water  is  evaporated,  and  the 
supply  below  is  again  drawn  upon,  until  the  water  stored  below  is  so 
exhausted,  or  left  at  such  a  depth,  that  the  distance  overcomes  the 
power  of  attraction  and  the  soil  becomes  completely  dry.  This  is 
the  process  which  goes  on  in  uncultivated  soil. 

The  object  of  cultivation  is  to  break  up  this  attraction,  usually  called 
capillary  attraction,  in  the  upper  crusty  and  so  prevent  the  moisture  from 
being  brought  to  the  surface  and  evaporated.  To  understand  how 
this  is  done,  one  must  take  into  account  another  fact,  viz,  that  if  these 
little  particles  in  the  soil  be  widely  separated  from  one  another  they 
lose  their  x)ower  of  attraction.  Now,  when  the  top  crust  of  the  soil  is 
loosened  and  reduced  to  a  fine  tilth,  these  particles  lie  less  closely 
together  and  do  not  attract  moisture  from  below.  The  moisture  now 
rises  as  high  as  the  upper  tilth,  and  there  remains  much  longer  than 
in  the  case  of  untilled  soil,  for,  owing  to  the  blanket  or  mulch  of  loose 
soil  on  the  top,  the  soil  below  the  surface  is  much  less  exposed  to  the 
action  of  evaporation. 

Some  of  our  farmers  are  unwilling  to  accept  this  theory,  alleging 
that  adobe  or  clay  soil,  that  has  never  been  cultivated  for  years,  will 
have  more  moisture  below  than  cultivated  soil.  If  this  be  so,  the  fact 
does  not  clash  with  the  theory  of  particle  attraction.  On  such  soil  the 
top  surface  has  been  packed  down  so  closely  that  the  surface  is  practi- 
cidly  puddled,  in  which  case  the  attractive  power  of  the  particles  is 
destroyed.  It  is  the  same  as  though  the  surface  were  covered  with  a 
large  rock  or  a  board,  and  the  evaporation  thereby  suspended. 

WINTER  IRRIGATION. 

When  I  first  came  to  New  Mexico,  in  1890, 1  found  that  the  prevailing 
practice  with  orchardists  was  to  withhold  water  firom  the  trees  during 
September  and  October,  in  order  to  let  the  young  wood  ripen,  then  give 
one  irrigation  in  November,  and  not  apply  water  again  until  the  peach 
buds  had  come  into  blossom.    The  reasons  alleged  for  this  method  of 
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treatment  were  that  the  trees  did  not  Deed  water  daring  the  winter 
months  when  they  were  dormant,  and  that  by  keeping  off  the  water  the 
fruit  buds  were  retarded. 

It  is  needless  to  say  that  no  objection  can  be  raised  against  withhold- 
ing the  water  while  the  yonng  wood  is  ripeniDg,  but  that  by  keeping 
water  from  the  trees  in  the  spring  the  blossoms  are  held  back  has  been 
shown  to  be  a  fallacious  idea.  The  fact  is  that  the  bursting  of  the  bnd 
is  entirely  dependent  upon  the  state  of  the  outside  and  surrounding 
atmosphere^  and  if  the  application  of  water  to  the  roots  has  any  effect 
whatever  upon  the  buds,  the  evidence  is  in  favor  of  the  theory  that  it 
retards  rather  than  hastens  the  blossoming  x>eriod. 

It  would  appear  that  this  mistaken  notion  about  trees  needing  no 
artiflcial  irrigation  during  the  winter  has  arisen  from  two  sources:  (1) 
There  is  a  x>opular  delusion  that  the  tree  is  dormant  during  winter. 
Anyone  who  has  heeled  in  yonng  trees  in  the  fall  and  lifted  them  again 
in  spring  can  not  have  fidled  to  notice  that  the  roots  have  made  growth 
during  the  interval.  Moreover,  by  careful  measurements  made  at  the 
experiment  station  here  it  has  been  proved  that  even  the  trunks  of  the 
trees,  and  doubtless  also  the  branches,  actually  increase  in  girth  during 
the  winter  months.  It  is  therefore  evident  that  the  tree  is  in  active 
growth  during  the  winter  and  is  laying  up  a  store  of  energy  for  the 
coming  summer.  If  the  tree  during  that  period  suffers  from  drought  its 
vitality  must  be  weakened.  (2)  The  people  here  have  been  told  that 
in  California  it  is  not  customary  to  irrigate  orchards  during  the  winter. 
They,  however^  have  not  taken  into  consideration  the  fact  that  heavy 
rains  fall  during  the  winter  over  the  greater  part  of  the  Pacific  Ooast, 
whereas  in  the  region  of  the  Bocky  Mountains  the  winter  months  are 
the  dry  season.  Furthermore,  if  we  look  at  those  countries  where  fruit 
grows  to  the  greatest  x>erfection  without  irrigation,  we  see  that  they 
have  their  principal  rainfall  during  the  winter.  I  need  only  to  refer  to 
the  south  of  France,  where  nature  gives  us  a  valuable  lesson  on  the 
application  of  water  to  fruit  trees  during  winter. 

I  know  of  two  large  peach  orchards  on  simUar  land  and  within  a 
quarter  of  a  mile  of  each  other,  one  of  which  was  not  irrigated  during 
tiie  winter,  while  the  other  received  three  or  four  copious  irrigations. 
The  peach  blossoms  opened  a  few  days  later  in  the  irrigated  orchard, 
but  its  fruit  ripened  at  least  a  week  ahead  of  that  in  the  other  orchard. 
I  am  inclined  to  think  that  the  moisture  of  the  soil  tended  to  keep  the 
air  around  the  irrigated  trees  cool  and  so  retarded  the  blossoms,  but 
when  the  fruit  on  these  trees  started  to  grow  it  rapidly  overtook  that 
on  the  others,  which,  owing  to  a  lack  of  moisture,  were  deficient  in 
vitality,  whereas  the  irrigated  trees  were  in  a  condition  to  devote  all 
their  energies  to  the  development  of  the  fruit. 

In  the  valley  it  has  also  been  customary  to  hill  up  the  vines  with 
earth  in  November  and  to  apply  the  water  during  the  winter.  It  is  not 
the  cold  that  is  feared  so  much  as  the  dry  winds  in  the  early  months  of 
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the  year,  and  if  the  trunk  of  the  vine  is  not  protected  it  is  apt  to  crack 
and  the  bads  to  winter-kill.  An  American  orchardist  in  the  valley, 
who  has  made  the  experiment  for  two  years,  assures  me  that  if  the 
vines  are  irrigated  during  the  winter  they  go  through  with  perfect 
safety  and  without  any  necessity  of  hilling  up.  It  would  certainly  seem 
that  there  is  as  good  reason  for  irrigating  vines  in  winter  as  there  is  for 
irrigating  fruit  trees. 

There  is  another  good  reason  why  orchards  and  vineyards  should  be 
irrigated  in  winter.  The  work  can  be  done  when  the  farmer  is  not 
otherwise  busy  and  when  water  is  invariably  plentiful.  Water  which 
would  otherwise  be  wasted  is  saved  by  thoroughly  soaking  the  ground 
down  to  a  good  depth;  then,  should  there  be  a  short  supply  of  water 
during  the  summer,  the  trees  are  able  by  capillary  attraction  to  draw 
upon  the  reserve  water  stored  during  the  winter  and  thus  better  to 
withstand  drought. 

GARDEN  IRRIGATION. 

Hitherto  only  the  methods  applicable  to  field  culture  have  been 
referred  to.  For  vegetable-garden  culture  a  more  perfect  and  less  slov- 
enly system  is  desirable,  and  the  following  plan  has  been  found  to  be 
the  most  satisfactory: 

In  the  first  place,  the  main  irrigating  ditch  must  run  along  the  high- 
est side  of  the  garden.  Let  us  imagine  that  it  runs  along  the  northern 
boundary,  as  shown  in  the  accompanying  diagram  (fig.  5).  The  entire 
garden  is  then  laid  out  in  oblong  beds,  usually  about  20  feet  long  and 
12  feet  wide,  with  the  narrow  sides  east  and  west.  This  is  a  convenient 
size,  but  they  may  be  a  little  shorter,  so  as  to  fit  the  space  it  is  intended 
to  cultivate,  or  where  vegetables  are  grown  on  a  large  scale  the  beds 
may  be  made  somewhat  larger. 

Each  bed  is  surrounded  by  a  border  raised  about  1  foot  and  about  2^ 
feet  broad  at  the  base,  and  these  borders  serve  both  as  paths  and  to 
retain  the  water.  Each  bed  must  be  perfectly  level,  although  of  course 
one  may  be  higher  or  lower  than  its  neighbor. 

Throughout  the  length  of  the  garden  and  running  north  and  south 
one  or  more  lateral  ditches  are  constructed,  which  should  be  about  2 
feet  wide,  with  the  bottom  rather  higher  than  the  level  of  the  beds. 
These  laterals  are  so  arranged  as  to  have  one  row  of  beds  on  each  side, 
as  it  is  from  these  laterals  that  the  beds  will  be  irrigated.  To  make 
the  plan  clear,  I  have  spoken  of  the  construction  of  the  beds  before  that 
of  the  laterals,  but  in  actual  practice  the  laterals  are  more  easily  made 
first. 

For  each  bed  there  is  now  made,  with  1-inch  lumber,  a  small  box  4 
inches  square  inside  and  3  feet  long,  with  a  sluice  gate  at  one  end.  By 
a  sluice  gate  I  mean  a  little  trapdoor  that  slides  up  to  let  the  water 
pass  or  is  put  down  to  shut  it  off,  as  shown  in  fig.  3.  These  boxes  are 
placed  in  the  bank  of  the  lateral,  so  that  the  bottom  of  the  gate  end  is 
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on  a  level  with  the*bottom  of  the  ditch.  The  boxes  are  then  covered 
with  earth,  which  is  pounded  around  them,  so  that  the  water  will  not 
cat  through  along  the  bottoms  or  sides.  The  boxes  are  placed  opposite 
each  other,  so  as  to  let  the  water  iu  to  the  center  of  each  bed.  In  the 
laterals,  and  just  below  each  pair  of  boxes,  it  may  be  necessary,  if  the 
fall  is  grehtf  to  make  small  checks  or  dams  with  a  piece  of  lumber,  6 
inches  high,  so  as  to  bank  up  the  water  and  throw  it  into  the  little 
boxes. 
When  it  is  required  to  irrigate  the  garden,  or  any  portion  of  it,  the 

Main     Ditch 


Fia.  6.— Plan  of  an  irrigated  garden  of  one-half  acre. 

water  is  let  in  slowly  from  the  main  ditch  and  allowed  to  flow  down 
the  laterals.  As  it  comes  to  the  box  of  each  bed  the  little  gates  are 
opened  and  the  water  allowed  to  flow  gently  over  each  bed.  A  number 
of  beds  may  be  irrigated  at  one  time,  the  number  depending  upon  the 
head  of  water.  Care  is  taken  not  to  have  such  a  head  of  water  as  will 
wash  the  soil,  and  not  to  let  it  stand  too  long  or  too  high  in  the  beds, 
80  as  to  drown  the  plants.  As  soon  as  sufficient  water  has  been  applied 
to  any  bed  the  water  is  shut  off  by  the  sluice  gate  and  another  opened, 
until  the  entire  garden  has  been  irrigated. 

This  method  has  many  advantages  over  the  slipshod  custom  of  tear- 
ing away  openings  in  the  banks  of  the  laterals  and  then  building  them 
up  again  as  each  bed  is  irrigated.    In  the  first  place,  the  flow  of  water 
IBR  10 3 
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is  better  regulated  and  only  enough  is  admitted  to'  each  bed  to  do  the 
work  slowly  and  surely,  sufficient  time  being  taken  to  allow  it  to  soak 
well  into  the  soil.  The  scouring  and  washing  away  of  the  earth, 
whereby  small  plants  are  frequently  smothered  by  the  old  method,  is 
also  avoided.  And  finally,  the  whole  operation  can  be  performed  with 
the  minimum  exertion. 

Although  the  plan  sketched  is  especially  applicable  to  small  gardens 
cultivated  with  the  spade,  it  will  be  seen  that  there  is  nothing  to  pre- 
vent the  use  of  a  horse  plow  after  the  crops  are  gathered,  as  the  entire 
length  of  the  garden  may  be  plowed  up,  leaving  only  the  laterals 
intact.  The  same  plan  may  be  modified  to  suit  a  small  orchard,  where 
vegetables  are  to  be  grown  between  the  trees.  The  beds  may  then  be 
made  24  by  12  feet  and  the  trees  planted  on  the  borders,  as  shown  in 
the  diagram,  so  that  they  stand  24  feet  apart  each  way. 

Almost  all  the  gardeners  here  are  of  opinion  that  the  best  time  to 
irrigate  vegetables,  and  indeed  all  crops,  is  in  the  evening,  just  as  the 
sun  is  going  down,  as  the  hot  sun  shining  on  the  wet  foliage  is  apt  to 
injure  or  even  kill  the  plants.  Irrigation  by  moonlight  is  still  better, 
and  some  think  that  very  early  in  the  morning,  before  the  sun  is  up,  is 
a  good  time. 

After  each  irrigation  the  surface  soil  must  be  stirred  with  a  hoe  as 
soon  as  the  land  is  sufficiently  dry.  The  better  and  more  economical 
plan  is  to  use  a  wheel  hoe.  It  is  quicker  and  does  better  work  than  a 
hand  hoe,  and  can  be  set  to  plow,  cultivate,  or  weed  between  the  rows 
of  plants. 

The  question  as  to  whether  the  water  should  be  applied  to  the  beds 
by  the  flooding  or  furrow  system  depends  upon  the  variety  of  vegetable 
cultivated.  Many  crops,  such  as  potates,  chili  (red  pepper),  tomatoes, 
melons,  etc.,  need  to  be  grown  on  ridges,  with  irrigating  furrow  between, 
and  the  beds  as  planned  can  be  utilized  for  either  system. 

Vegetables  are  irrigated  as  often  as  the  plants  show  signs  of  flagging, 
the  usual  intervals  ranging  from  ten  to  fiU%een  days  during  the  growing 
season.  Large  plants  will  not  need  water  whenever  the  soil  at  a  depth 
of  5  inches  is  moist  enough  to  roll  up  into  a  ball;  bnt  for  small  seed- 
lings or  newly  transplanted  vegetables  the  surface  soil  must  never  be 
allowed  to  become  very  dry. 

PUMPING  WATER   FOR   IRRIGATION. 

WINDMILLS. 

Pumping  water  for  irrigation  has  been  resorted  to  in  but  few  cases, 
either  in  this  or  the  other  valleys  along  the  Bio  Grande,  although  abun- 
dant water  can  be  obtained  almost  everywhere  at  depths  varying  from 
14  to  85  feet,  this  depth  depending  upon  the  height  of  the  land  above 
the  level  of  the  river  bed. 

In  the  Socorro  YaUey,  situated  on  the  Eio  Grande  134  miles  north  of 
Mesilla,  and  where  the  surrounding  circumstances  are  very  similar  to 
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ttiOfiehere,  Mr.  0.  T.  Brown  has  erected  a  windmill,  pnmp,  and  reservoir 
on  fhe  mesa  above  the  valley.  The  well  was  sank  86  feet  deep^  lined 
with  stone  and  cement,  and  cost  $350.  The  windmill,  with  a  12-foot 
wheel,  which  had  cost  $125,  worked  with  a  4-inch  cylinder  and  a  2-inch 
piX)e,  although  Mr.  Brown  advised  using  a  4^-inch  cylinder  and  a  3-inoh 
pipe  where  the  water  was  nearer  the  surface.  The  reservoir,  built  of 
rock  and  cement,  is  27  feet  loDg  by  17  feet  bioad  and  5^  feet  deep,  and 
is  capable  of  holding  over  20,000  gallons.  Its  cost  was  $300,  making 
tiie  total  outlay  $800. 

The  water  is  very  soft,  without  a  particle  of  alkali,  and  for  over  two 
years  Mr.  Brown  has  successfully  irrigated  2  acres  of  trees  and  vege- 
table garden.  The  windmill  fills  the  reservoir  on  the  average  three 
times  a  week,  at  which  rate  there  would  be  water  enough  to  give  an 
irrigation  of  4^  inches  of  water  every  fourteen  days  to  about  1  acre  of 
land. 

At  Las  Cruces  I  have  a  windmill  with  an  8-foot  wheel,  lifting  the 
water  21  feet,  the  water  stratum  being  only  15  feet  below  the  surface. 
The  cost  of  erecting  this  windmill  and  pump  was  $200,  and  the  reser- 
voir, built  of  earth  and  capable  of  holding  about  55,000  gallons,  will 
have  cost  nearly  $180  by  the  time  the  interior  is  cemented,  which  I  find 
it  will  be  necessary  to  do.  The  windmill  has  not  been  running  long 
enough  to  enable  an  accurate  estimate  of  its  capacity,  but,  so  far  as  I 
can  see,  it  will  take  an  average  of  fifteen  days  to  fill  the  reservoir,  and 
I  find  by  actual  practice  that  this  amount  of  water  will  irrigate  only 
about  half  an  acre  of  land.  It  is  possible  that  the  pump  would  work 
faster  if  there  were  a  sunken  well  instead  of  a  driven  point,  but  the 
quicksands  make  a  sunken  well  too  expensive.  By  adding  a  second 
windmill  and  pump  1  should,  at  a  total  cost  of  $580,  have  enough  water 
to  irrigate  1  acre  of  vegetable  garden. 

It  wiU,  then,  readily  be  seen  that  so  long  as  one  can  get  water  from 
the  river  at  a  cost  of  50  to  75  cents  per  acre  per  annum  and  the  best  land 
in  any  situation  at  not  exceeding  $100  an  acre,  including  a  perpetual 
water  right,  windmill  irrigation  can  hardly  Ue  a  financial  success, 
owing  to  the  great  initial  outlay,  although  it  might  pay  under  some 
exceptional  circumstances. 

STEAM  PUMPS. 

At  the  Shalem  colony,  a  religious  community  in  the  Mesilla  Yalley, 
a  very  extensive  experiment  has  been  made  in  pumping  water  by 
steam  power.  An  open  well  18  feet  in  diameter,  lined  with  stone  and 
cement,  has  been  sunk  to  a  depth  of  33  feet.  At  the  bottom  of  this  well 
are  sunk  one  6- inch  casing  and  two  6-inch  standards,  going  30  feet 
below  the  bottom  of  the  well  and  coupled  2  feet  above.  There  are 
also  an  ll|-inch  casing  30  feet  deep  and  a  6-inch  standard  200  feet  deep, 
bat  there  is  very  little  flow  through  these  latter.  The  well  fills  up  to 
within  12  feet  of  the  top,  or  say  21  feet  of  water,  and  three  hours  after 
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starting  to  pnmp  only  6  feet  of  water  is  left  in  the  well.  After  this 
the  flow  of  water  is  equal  to  the  fall  capacity  of  the  pnmp,  the  snction 
of  which  is  12  inches  and  the  discharge  10  inches. 

The  proprietor  says  that  this  supply  of  water  seems  to  be  entirely 
independent  of  the  river,  the  water  flowing  into  the  well  the  same  when 
the  river  is  empty  as  when  it  is  full.  The  water  apx)ears  to  come  dowD 
the  valley  from  the  north,  and  therefore  pipes  should  be  sunk  in  a  line 
east  and  west.  The  three  6-inch  pipes  are  so  situated,  but  the  llg  inch 
pipe  is  about  5  feet  south  of  them,  and  when  the  former  are  uncapped 
but  little  comes  through  the  llf-inch  pipe,  the  6-inch  pipes  giving  vent 
to  nearly  all  the  water. 

The  water  is  raised  by  a  60-horsepower  boiler,  with  a  pump  capable 
of  lifting  1,000  to  1,200  gallons  per  minute.  The  reservoir  is  built  of 
light  soil,  lined  with  a  coating  of  tar  and  gravel  and  then  covered  with 
pitch.  It  leaked  a  little  in  one  place  at  first,  but  none  since.  The  area 
of  the  reservoir  is  1  acre  and  the  depth  of  water  5  feet,  although  the 
total  height  of  the  walls  is  6^  feet.  With  the  pump  running  continu- 
ously it  can  be  filled  in  thirty  hours,  at  a  cost  of  $18  for  fuel,  labor,  etc. 

Presuming  that  it  filled  ten  times  in  fifteen  days,  there  would  be 
sufficient  water  to  give  an  irrigation  of  4^  inches  every  fifteen  days  to 
146  acres;  and  this  amount  of  water  would  not,  I  think,  be  more  than 
sufficient  for  most  crops,  although  175  acres,  mostly  in  orchard,  are 
irrigated  (inadequately,  it  is  said  by  observers)  by  pumping  only  a  part 
of  the  time  in  summer. 

The  estimated  cost  of  such  a  plant  complete  is  about  $15,000,  which 
would  bring  up  the  initial  cost  to  $100  per  acre,  or  only  about  one- 
seventh  that  of  windmill  irrigation.  Allowing  for  eight  irrigations  in 
the  year  and  10  per  cent  on  the  capital  invested,  and  including  fuel  and 
labor,  the  cost  of  irrigation  per  acre  amounts  to  $20.05  per  annum. 
Even  at  this  cost  the  proprietor  considers  the  work  satisfactory,  as  he 
is  insured  a  certain  supply  of  water  throughout  the  year. 

There  is  another  drawback  to  irrigating  with  well  water  as  compared 
with  using  the  river  wiiter,  and  that  is,  that  the  land  does  not  receive 
the  annual  fertilizing  which  it  does  from  the  sediment  of  the  river 
water.  It  is  even  said  that  the  well  water,  being  slightly  alkaline,  will 
ultimately  prove  ii\jurious  to  vegetation.  Doubtless  the  water  from 
some  of  the  strata  is  too  highly  charged  with  alkali  to  be  safely  used, 
but  by  exercising  a  certain  amount  of  judgment  in  selecting  the  depth 
from  which  the  water  is  drawn  this  difficulty  can  be  overcome  to  a 
very  great  extent.  It  has  been  asserted  that  the  quality  of  the  water 
improves  after  a  well  has  been  used  for  some  time,  the  alkaline  salts 
being  exhausted  or  washed  out. 

On  the  whole,  it  appears  to  the  writer  that  the  experiments  so  far 
made  tend  to  prove  that,  if  the  river  water  be  properly  stored  and  dis- 
tributed, the  pumping  of  water,  either  by  steam  or  by  windmill  power, 
is  not  needed  in  the  valley. 
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SOIL  OF  MESILLA  VALLEY. 

The  greater  part  of  the  soil  consists  of  a  gray  clay,  called  adobe,  the 
result  of  the  disintegration  of  the  solid  rocks.  It  has  been  washed 
down  from  the  highlands  into  the  valley,  or  brought  by  the  river  and 
deposited  along  its  banks.  There  is  also  a  considerable  amount  of  sandy 
loam,  sometimes  on  the  surface  and  at  otber  times  underlying  the  top 
stratum  of  adobe.  This  sandy  loam  and  adobe  often  lie  upon  sand, 
which  is  found  at  depths  varying  from  3  to  10  feet. 

Here  and  there  are  also  patches  of  bare  sand,  upon  which  it  would 
appear  quite  impossible  to  raise  anything.  However,  if  the  sand  be 
leveled  and  the  river  water  from  the  irrigating  canals  be  allowed  to 
run  over  it  for  a  year  or  two,  it  soon  becomes  fertile,  and  the  longer 
crops  are  raised  upon  it  the  more  its  fertility  increases.  This  is  due  to 
the  sediment  deposited  by  the  river  water,  which  contains  a  large  pro- 
portion of  fertilizing  ingredients. 

Forty-eight  inches  of  river  water  will  deposit  half  an  inch  of  sedi- 
ment, so  that  in  the  course  of  twelve  years  the  sand  will  be  covered  with 
6  inches  of  rich  soil,  and  if  this  be  mixed  with  the  sand  by  plowing, 
one  gets  a  loot  of  magnificent  soil  where  beibre  there  was  a  barren 
waste.  Much  of  the  soil  has  been  formed  in  this  way,  some  artificially 
and  some  by  the  natural  overflow  of  the  river  in  past  ages. 

ATiKATiT. 

Throughout  the  Mesilla  Yalley,  and  indeed  all  along  the  Bio  Grande, 
alkaline  spots  occur,  shown  by  the  white  crust  upon  the  surface  of  the 
soil.  The  principal  salts  composing  alkali  are  known  by  the  names  of 
Glauber's  salts,  common  salt,  sal  soda,  and  saltpeter,  with  a  mixture  of 
carbonate  of  lime  and  sulphate  of  potassium.  Where  sal  soda  or 
sodium  carbonate  predominates  the  mixture  is  known  as  black  alkali. 
It  then  appears  on  the  surface  as  a  black  puddle.  This  is  the  worst 
form  of  alkali  and  the  most  harmful  to  plant  life.  It  is  seldom  seen  in 
this  valley,  however,  owing  to  the  fact  that  the  water  used  for  irrigation 
contains  a  sufficient  proportion  of  gypsum  to  convert  black  alkali  into 
white  alkali.    It  is  therefore  only  with  the  latter  that  we  have  to  deal. 

It  should  be  understood  at  the  outset  that  most  of  the  ingredients 
found  in  alkali  are  necessary  for  plant  life — especially  potash  and  car- 
bonate of  soda,  which  are  really  important  fertilizers  and  which  become 
injurious  only  when  present  in  excess.  Hence  alkali  is  not  a  sign  of 
poor  soil,  but  rather  the  contrary. 

The  harm  is  mostly  done  by  the  accumulation  of  the  alkali  on  the 
npper  crust  of  the  soil,  where,  by  its  caustic  properties,  it  ii\jures  the 
steins  of  the  plants  with  which  it  comes  in  contact.  How  this  injurious 
accumulation  takes  place  is  thus  explained:  Most  of  the  salts  con- 
tained in  the  alkali  are  soluble  in  water,  and  are  consequently  dissolved 
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when  water  is  applied  to  the  land  either  artificially  or  in  the  form  of 
rain.  When  the  water  so  applied  is.  again  brought  to  the  surface  by 
means  of  capillary  attraction,  and  evaporated,  the  alkali  remains  on 
the  surface.  By  repeating  this  process  the  salts  for  some  depth  are  all 
brought  to  the  topsoil.  It  has  been  ascertained  that  there  is  often  six 
or  seven  times  as  much  alkali  in  the  first  inch  of  soil  as  in  the  next  foot. 

There  are  two  methods  of  treating  white  alkali:  The  first  gets  rid  of 
it  altogether;  the  second  overcomes  its  injurious  effects.  We  will  take 
the  latter  method  first,  because  it  is  the  easier  and  the  one  usually 
practiced  in  the  valley  with  success. 

It  has  already  been  shown  that  the  injury  is  caused  by  the  accumu- 
lation of  the  alkali  on  the  surface.  The  remedy  is  deep  tillage,  so  as 
to  mix  it  up  with  the  top  8  or  10  inches  of  soil,  and  then,  by  means  of 
good  cultivation,  to  keep  it  from  accumulating  at  the  surface.  If  the 
surface  of  the  soil  is  stirred  after  each  irrigation,  as  it  should  be  whether 
there  be  alkali  or  not,  the  water  can  not  come  to  the  surface,  and  with- 
out the  water  the  alkali  can  not  get  there  either.  All  the  native  Mex- 
icans say  that  they  have  no  difficulty  with  alkali  when  the  land  is 
well  cultivated.  Alfalfa  also  seems  to  keep  down  the  alkali,  probably 
owing  to  its  shading  the  land  and  thus  preventing  the  water  from  evap- 
orating at  the  surface. 

The  Mexicans  have  an  idea  that  the  application  of  barnyard  manure 
also  dispels  the  alkali,  but  it  is  difficult  to  account  for  this,  except  on 
the  theory  that  when  a  man  takes  the  trouble  to  apply  barnyard  manure 
he  also  gives  perfect  tillage  and  cultivation. 

It  is  doubtful  if  there  is  any  considerable  extent  of  alkali  land  in  the 
valley  that  can  not  be  successfully  treated  in  this  way,  but  where  such 
an  excess  of  alkali  exists  as  to  render  its  absolute  removal  necessary 
the  only  remedy  that  has  been  suggested  is  to  underdrain  the  land  with 
pipes,  and  then  fiood  the  land  so  that  the  water  will  flow  through  the 
drain  pipes  and  carry  the  alkali  with  it  in  solution.  It  would  be  use- 
less to  attempt  to  carry  off  the  alkali  by  flooding  on  the  surface  and 
letting  the  wat^r  run  off  the  land;  the  alkali  would  dissolve  and  sink 
down  immediately  the  first  water  touched  it.  Not  only  would  artificial 
drainage  be  very  expensive,  but  it  would  generally  be  difficult  to  find 
a  fall  or  outlet  for  the  drainage  water. 

It  is  asserted  that  crops  of  beets,  which  are  known  to  be  alkali  feed- 
ers, will  effectually  remove  white  alkali,  but  this  remedy  has  not  been 
tried  in  this  valley,  nor,  indeed,  has  it  been  considered  necessary.  The 
opinion  is  also  held  that  when  the  land  is  heavily  flooded  by  irrigation, 
as  is  the  Mexican  custom,  the  water  carries  down  the  alkali  to  such  a 
depth  that  it  is  carried  away  by  the  natural  underdrainage  of  the  valley. 
It  is  possible  that  this  may  account  for  the  fact  that  the  longer  land  is 
under  cultivation  in  the  valley  the  less  alkali  appears  on  the  surface. 
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NECESSITY  OF  PEBTILIZATION. 

After  being  assured  that  a  great  snrplas  of  fertilizing  ingredients  is 
yearly  deposited  on  the  land  by  the  irrigation  waters,  the  reader  might 
conclade  that  the  application  of  barnyard  manure  in  the  Mesilla 
Valley  would  be  quite  superfluous.  It  has,  however,  been  conclusively 
proved  in  practice  that  even  in  the  case  of  wheat,  which  removes  only 
half  the  nitrogen  yearly  deposited  by  the  river,  the  crop  is  very  con- 
siderably increased  when  the  land  receives  a  moderate  dressing  of 
hamyard  manure  every  three  or  four  years,  while  it  is  impossible  to 
succersfuUy  raise  vegetables  unless  barnyard  manure  is  freely  used. 

It  is  claimed  by  some  that  these  good  effects  are  due  to  the  improved 
mechanical  condition  of  the  soil  and  its  increased  power  of  holding 
moisture,  and  doubtlesR  these  facts  may  have  something  to  do  with  the 
result,  but  it  is  probable  that  the  real  explanation  is  to  be  found  in  the 
action  of  ^^soil  ferments."  Nitrogen  may  exist  in  the  soil  even  in 
excess  and  yet  not  be  in  a  form  available  for  plants  to  feed  upon,  and 
the  same  may  be  said  of  other  fertilizers.  It  has  been  demonstrated 
that  nitrogen  in  the  soil  is  reduced  to  nitric  acid  by  means  of  living 
bacteria,  which  are  multiplied  by  fermentation,  and  this  fermentation 
occars  most  rapidly  in  decomposing  barnyard  manure.  How  bacteria 
perform  this  useful  work  is  not  fully  understood,  but  it  has  long  been 
noticed,  not  only  in  this  valley,  but  elsewhere,  that  a  dressing  of  barn- 
yard manure  produces  fertilizing  results  far  in  excess  of  what  could  be 
expected  from  the  quantity  of  plant  food  contained  therein.  Ohemical 
analysis  often  discovers  quantities  of  plant  food  in  the  soil  which  seem 
amply  sufi&cient  to  produce  remunerative  crops,  and  yet  the  soil  is 
practically  pooi^.  It  would  thus  seem  that  nitrogen  may  exist  in  the 
soil  in  an  inert  form  in  large  quantities  and  not  be  available  for  plant 
food  until  subject  to  the  decomxK)8ing  effects  of  bacteria. 

It  has  also  been  found  that  these  bacteria  multiply  and  work  most 
actively  quite  near  the  surface  of  the  soil.  This  accounts  for  what  has 
fireqnently  been  experienced  in  the  Mesilla  Valley,  and  probably  in 
other  irrigation  districts,  where  it  has  been  necessary  to  scrape  off  the 
surface  of  the  soil  in  order  to  make  it  level  enough  to  irrigate,  namely, 
that  land  so  scraped  remained  comparatively  infertile  for  a  number  of 
years.^ 

NATIVE   FARMERS   AND   IRRIGATORS. 

In  order  to  obtain  a  true  conce])tion  of  the  methods  of  irrigation  prac- 
ticed in  New  Mexico  and  adjacent  portions  of  Texas,  it  is  essential  to 
know  something  of  the  native  farmers  and  laborers.  All  agricultural 
practice  must,  to  a  certain  extent,  be  governed  by  the  efficiency  and 
cost  of  labor  and  by  the  skill  and  habits  of  the  laborer.    Primitive 


'Soil  fermentfl  imponant  in  agriculture,  by  H.  W.  Wiley:  Yearbook  of  the  Departmeut  of  Agrlcoi- 
tore  for  1096,  pp.  00-102. 
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methods  have  usually  been  developed  through  centuries  of  experience, 
and  while  they  may  not  always  be  desirable,  yet  much  may  be  learned 
by  observing  the  customs  of  the  natives  and  by  ascertaining  the  origin 
of  these. 

Almost  all  the  irrigation  and  cultivation  in  New  Mexico  is  performed 
by  native  Mexicans.  As  farm  hands,  especially  in  an  irrigating  coun- 
try, it  is  doubtful  if  they  can  be  surpassed  at  the  price,  which  is  75 
cents  a  day  without  board.  The  writer  has  always  found  them  to  be 
intelligent  and  industrious  workers,  willing,  obliging,  and  civil.  More- 
over, they  are  sober  and  never  strike. 

Although  on  their  own  farms  their  implements  are  usually  of  a  very 
primitive  description,  this  is  not  due  to  any  lack  of  an  intelligent 
desire  for  better  things  or  any  unwillingness  to  adopt  modern  tools 
and  machinery,  but  rather  to  lack  of  means  to  make  the  necessary 
outlay.  In  the  neighboring  valleys  of  Loma  Parda,  Colorado,  etc., 
harvesters  and  threshing  machines  have  quite  recently  been  introduced 
with  great  success,  the  native  Mericans  being  quick  to  appreciate  their 
advantages.  It  is  also  within  my  experience  that  hay  balers  which 
had  been  discarded  by  Americans  on  account  of  continual  breakages 
were  taken  by  Mexicans  and  operated  with  complete  success. 

Much  of  the  land  in  the  valley  is  let  on  shares,  the  tenant  doing  all 
the  work  on  the  irrigating  ditches  and  delivering  to  the  proprietor  at 
his  residence  one-fourth  of  the  produce.  This  for  unimproved  land. 
In  the  case  of  improved  land  or  orcliards  and  vineyards,  the  share  paid 
is  higher,  being  often  one-half.  In  all  cases  within  my  experience  the 
tenants  have  faithfully  performed  their  contracts,  which  are  in  most 
cases  merely  verbal.  Indeed,  it  is  well  known  by  the  older  residents 
that  a  Mexican's  word  is  as  good  as  his  bond,  and  that  except  for  the 
purpose  of  avoiding  any  misunderstanding  written  contracts  are  super-* 
fluous.  It  may  be  of  interest  to  note  that  many  of  the  best  and  most 
reliable  Mexicans  are  those  who  can  not  read  or  write.  Education  has 
not  raised  the  standard  of  morality.  It  is  the  fashion  to  depreciate 
the  Mexican  and  talk  of  him  as  lazy  and  unprogressive,  and  especially 
is  this  the  case  with  those  least  acquainted  with  these  people.  This 
impression  of  laziness  is  partly  due  to  the  fact  that  in  this  sunny 
climate  the  idle  men  are  seen  out  of  doors,  whereas  in  colder  countries 
they  are  indoors  and  unseen.  On  the  whole  it  may  be  said  that  the 
native  Mexicans  compare  favorably  with  members  of  any  other  nation- 
ality in  the  same  social  scale.  They  are  patient,  polite,  and  law-abid- 
ing, and  it  is  perfectly  safe  to  travel  among  them  unarmed,  either  by 
day  or  by  night. 

All  the  Mexican  houses  are  built  of  what  are  called  adobes — that  is, 
sun-dried  bricks.  These  bricks  are  usually  18  inches  long,  9  inches 
wide,  and  4  inches  thick.  They  are  laid  in  mud,  and  usually  cost,  laid 
in  the  wall,  $15  per  1,000.  Many  of  the  walls  are  3  feet  thick,  but  18 
inches  is  quite  sufficient  for  a  onestory  building,  and  no  Mexican 
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house  is  more  than  one-story  high.  The  thick  adobe  walls  are  quite 
impervious  to  heat  and  cold,  so  that  the  houses  are  warm  in  winter  and 
cool  in  summer.  They  are,  therefore,  admirably  adapted  to  the  climate, 
and  are  preferable  to  houses  built  of  brick  or  wood. 

The  roofs  are  made  of  the  same  material,  that  is,  adobe  mud,  laid 
over  heavy  beams  covered  with  brush  or  rushes.  They  are,  however,  a 
constant  source  of  anxiety,  being  very  apt  to  leak  unless  well  attended 
to.  A  much  better  covering  is  a  light  adobe-mud  roof  and  over  this, 
with  an  air  space  between,  a  corrugated-iron  roof.  This  is  quite  as 
cool  as  the  adobe  roof,  as  the  mud  under  the  corrugated  iron  prevents 
the  passage  of  heat,  and  the  iron  roof  is  always  water-tight. 

These  adobe  houses  are  much  more  durable  than  they  appear  to  be. 
Many  adobe  buildings  exist  which  are  known  to  have  stood  two  centu- 
ries or  longer.  As  every  Mexican  knows  how  to  make  and  lay  adobes, 
the  building  of  an  adobe  house  entails  no  cash  outlay,  except  for  doors 
and  windows.  The  consequence  is  that  the  houses  of  the  very  poor 
consist  of  one  or  two  rooms,  often  with  no  windows  and  with  but  one 
door  to  the  house.  Yery  elaborate  and  comfortable  houses  can,  how- 
ever, be  constructed  with  these  adobe  bricks,  especially  when  they  are 
plastered  and  painted  on  the  outside.  The  usual  plan  of  architecture 
is  to  build  the  various  rooms  around  an  open  courtyard  ov  patio. 

IRRIGATION   AND  CULTIVATION   OP  VARIOUS   CROPS. 

In  the  following  pages  the  methods  of  applying  water  and  of  culti- 
vating the  various  crops,  such  as  wheat,  com,  and  alfalfa,  will  be 
briefly  described,  and  reference  will  be  made  to  the  agricultural  prac- 
tice in  regard  to  gardens,  orchards,  and  vineyards.  Gonsiderable  space 
is  given  to  the  description  of  customary  methods,  in  order  to  bring  out 
more  clearly  the  best  means  of  utilizing  the  water  resources  and  to 
illustrate  the  writer's  ideas  as  to  what  should  be  accomplished. 

An  explanation  may  be  given  here  for  abstaining  from  the  publica- 
tion of  many  figures  showing  the  prices  of  farm  produce  in  the  Mesilla 
Valley  and  the  quantities  raised  per  acre.  In  the  first  place,  prices 
may  be  very  different  a  few  years  hence,  and  to  give  those  of  to-day 
would  therefore  probably  be  misleading.  In  the  second  place,  state- 
ments of  prices  and  yield  per  acre  have  generally  been  exaggerated, 
and  the  author  of  this  paper  is  not  desirous  of  laying  himself  open  to 
criticism.  It  is  sufficient  to  say  that  the  quantity  of  irrigable  land  in 
Few  Mexico  is  so  small  compared  with  the  necessities  of  the  mining 
and  other  industries  that  doubtless  for  very  many  years,  and  perhaps 
for  all  time,  the  prices  of  farm  products  are  likely  to  be  as  high  as 
those  in  the  more  eastern  States,  plus  the  cost  of  freight. 

WHEAT. 

Anyone  conversant  with  the  methods  of  raising  wheat  in  vogue  a 
thousand  years  before  the  Christian  era  will  be  able  to  form  a  concep- 
tion of  the  manner  in  which  the  native  Mexicans  carry  on  their  work 
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at  tbe  present  day.  The  first  operation  is  to  collect  and  bam  the 
forest  of  weeds,  often  higher  than  a  man's  head,  which  have  accama- 
lated  daring  the  preceding  sammer.  Then  'Hhe  sower  goeth  forth  to 
sow,"  which  he  does  by  carrying  the  wheat  in  a  tin  pail  and  scattering 
it  broadcast  with  his  hand.  The  plows  fellow,  mostly  drawn  by  one 
small  Mexican  pony.  The  sarface  soil  is  slightly  stirred  to  the  depth 
of  aboat  3  inches  and  the  seed  is  thas  covered. 

This  done,  square  beds  are  made  all  over  the  field  and  sarrounded 
by  high  borders  to  contain  the  water,  these  being  made  by  the  plow 
and  finished  off  with  a  heavy  hoe.  If  the  land  is  not  sufficiently  moist 
to  sprout  the  seed,  water  is  now  applied  with  reckless  extravagance. 
As  fast  as  the  surface  soil  dries  out,  more  applications  of  water  are 
made,  usually  about  five  in  number.  There  is  no  manuring  of  the  soil, 
no  weeding,  and  no  cultivation.  Until  the  crop  ripens  the  Mexican 
squats  in  the  sun  on  his  haunches  and  watches  the  work  of  nature; 
or  if  the  sun  is  too  hot  he  sits  under  the  shade  of  his  own  vine  and 
fig  tree. 

Early  in  June  he  and  his  sons,  cousins,  and  nephews  arm  themselves 
with  primitive  iron  sickles  and  proceed  to  cut  down  the  crop.  Most  of 
the  straw  is  left  standing,  for  the  Mexican  has  no  use  for  straw.  Then 
to  the  thrashing  floor,  which  is  merely  beaten  mud.  Here  the  observer 
would  imagine  himself  somewhere  on  the  outskirts  of  Jerusalem  in  the 
days  of  !Raomi,  especially  if  his  acquaintance  with  the  Spanish  dialect 
is  not  sufficient  to  enable  him  to  distinguish  it  from  Hebrew.  A  herd 
of  goats  or  sheep,  and  sometimes  jionies,  is  now  brought  onto  the 
scene,  and  amidst  much  shouting  and  cracking  of  whips  the  animals 
are  made  to  run  round  and  round  the  thrashing  floor  until  the  grain  is 
parted  from  the  husks.  This  is  an  exact  repetition  of  the  ancient 
^^treading  of  the  corn."  This  done,  the  short  straw  is  raked  off,  leav- 
ing a  pile  of  wheat  and  chaff.  Then  follows  the  ancient  process  of 
winnowing,  practiced  thousands  of  years  ago.  With  broad  shovels  the 
grain  is  tossed  into  the  air,  that  the  wind  may  blow  away  the  chaff. 
Of  course  rain  sometimes  interferes  with  these  primitive  and  tedious 
operations,  but  no  misfortune  can  depress  the  spirits  of  these  workers. 

OOBN. 

!Rext  to  wheat,  com  is  the  most  imxK)rtant  grain  crop  raised  in  the 
Mesilla  Valley.  The  usual  method  pursued  is  to  open  a  small  furrow 
with  a  plow  and  then  to  drop  in  the  seed  by  hand,  at  intervals.  As 
soon  as  the  plant  is  sufficiently  high,  the  rows  are  hilled,  and  during  the 
sea43on  about  six  irrigations  are  given,  although  the  crop  will  mature 
with  much  less.  The  furrows  are  also  cultivated  after  each  irrigation, 
or  at  least  they  should  be. 

The  com  is  usually  sown  some  time  in  May,  and  land  is  mostly 
cropped  with  wheat  one  year  and  com  the  next,  although  if  the  wheat 
is  sown  and  harvested  early  a  crop  of  corn  or  beans  may  follow  the 
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same  year.  As  a  rale,  however,  the  wheat  is  sown  too  late,  often  far 
into  December.  Mach  better  crops  of  wheat  would  be  raised  if  it  were 
always  in  the  ground  by  the  1st  of  November. 

ALFALFA. 

Alfalfa  is  a  perennial  plant,  and  when  once  sown  will  last  for  many 
years.  It  is  difficult  to  say  how  long  it  is  profitable  to  keep  the  same 
field  in  alfalfa,  but  there  are  many  instances  of  land  that  has  borne 
crops  of  alfedfa  for  twenty  years,  and  even  for  a  longer  period,  without 
showing  any  signs  of  depreciation. 

The  seed  is  usually  sown  in  February,  on  land  already  seeded  to 
wheat,  and  oats  are  also  frequently  sown  with  the  alfalfa  in  order  to 
act  as  a  shade  to  the  young  plants.  But  quite  as  good  results  have 
been  obtained  by  sowing  the  alfalfa  alone.  The  seed  may  also  be  put 
in  the  ground  at  the  end  of  September.  The  young  plants  will  soon 
appear  above  the  ground  and  will  continue  to  grow,  in  roots  if  not  in 
leaf,  during  the  greater  part  of  the  winter. 

The  cost  of  seeding  an  acre  of  land  in  the  Mesilla  Yalley  with  alfalfa 
is  as  follows: 

Plowing  and  harrowing $5.00 

Drilling  seed 1.25 

Making  borders  for  irrigation 2.50 

25  ponnds  of  seed,  at  8  cents 2. 00 

Total 10.76 

The  annual  expense  will  be: 

Catting,  raking,  gathering,  and  stacking  3^  tons,  at  $1 $3. 60 

Irrigating  six  times,  at  15  cents 90 

Water  per  acre 75 

Cleaning  lateral  ditches 50 

Baling  3i  tons,  at  $1.35 4.72 

Hauling  to  railroad  3^  tons 3.50 

Total : 13.97 

This  makes  the  cost  of  the  hay  in  the  stack  $1.60  per  ton  and  not 
quite  94  baled  and  delivered  on  cars.  Hitherto  most  of  the  alfalfa  has 
been  sold  as  hay,  but  much  better  returns  are  obtained  by  feeding  it  to 
live  stock  for  raising  hogs  and  dairy  produce,  which  undoubtedly  con- 
stitute the  best  products  for  the  farmer.  Alfalfa  usually  gives  four 
cuttings  in  the  year,  but  with  care  and  plenty  of  water  it  would  be 
possible  to  get  five  cuttings,  yielding  altogether  5  or  6  tons  of  hay. 
Owing,  however,  to  a  somewhat  slovenly  method  of  farming  and  the 
occasional  lack  of  water,  the  writer  places  the  average  yield  in  the 
valley  at  Si  tons  per  acre. 

VBGBTABLE  GABDBNS. 

With  very  few  exceptions  all  sorts  of  vegetables  are  successfhlly 
grown  in  the  valley.  Very  few  Irish  x>otatoes  are  produced,  as  most  of 
the  gardeners  have  failed  to  make  good  crops,  owing  to  their  adoption 
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of  the  method  of  caltare  practiced  in  rainfall  countries.  There  are, 
however,  a  few  farmers  who  succeed  in  raising  good  crops  every  year, 
and  their  system  is  as  follows:  The  land  must  have  been  heavily 
manured,  and  preferably  for  a  previous  crop,  for  fresh  manure  is  apt 
to  cause  the  soil  to  lose  its  moisture,  especially  if  it  is  not  well  incor- 
porated with  the  soil.  Early  in  winter  lay  the  land  up  in  ridges,  and 
shortly  after  Christmas  give  it  a  good  irrigatior.  At  the  beginning  of 
February  split  these  ridges  and  plant  in  the  furrows  so  made.  Oover 
with  a  plow  and  harrow  the  ground  well,  so  that  the  surface  is  in  good 
tilth.  By  this  method  sufficient  moisture  is  left  in  the  soil  to  start  the 
tubers  growing  without  further  irrigation.  This  appears  to  be  the  real 
secret  of  raising  potatoes  under  irrigation,  l^o  water  is  given  until  the 
vines  are  8  inches  high,  when  they  are  earthed  up  and  a  good  irriga- 
tion is  applied  between  the  ridges.  As  a  rule,  no  more  water  will  be 
needed,  but  if  the  land  should  go  dry  at  the  roots,  one  more  irrigation 
is  given.  Early  varieties  are  selected,  as  they  set  their  tubers  before 
the  hot  weather  comes  on.  One  of  the  farmers  at  Las  Gruces  informs 
me  that  under  this  system  he  has  raised  crops  every  year,  and  that  one 
of  which  he  took  the  weight  and  measurement  was  at  the  rate  of  13^ 
tons  per  acre.  There  consequently  appears  no  reason  why  all  the 
potatoes  required  in  the  valley  should  not  be  raised  successftilly. 

Early  pease  are  grown  in  considerable  quantities  for  shipment  to 
more  northern  points.  They  are  usually  planted  on  the  flat,  but  it  has 
been  found  that  if  the  land  is  laid  off  in  large  ridges  running  east  and 
west  and  the  pease  are  sown  on  the  southern  slope  of  these  ridges  the 
crop  will  mature  several  days  earlier. 

The  soil  and  climate  of  the  Mesilla  Yalley  appear  to  be  admirably 
adapted  to  the  raising  of  tomatoes,  and,  as  the  canned  product  com- 
pares favorably  with  the  best  eastern  brands,  the  raising  and  canning 
of  tomatoes  is  likely  to  prove  one  of  the  important  industries  of  the 
ftiture.  The  land  must  be  brought  into  perfect  tilth,  and  if  a  little 
manure  can  be  applied  it  will  do  all  the  better.  Then  lay  out  the  field. 
Make  two  small  ridges,  which  will  take  up,  say,  2  or  3  feet,  leave  a  space 
of  9  feet,  and  then  strike  two  more  ridges.  Proceed  until  the  whole  field 
is  laid  out  with  two  small  ridges  and  a  space  of  9  feet  between  each  pair 
of  ridges.  About  half  a  pound  of  seed  is  required  to  the  acre.  Sow  it 
along  the  outside  of  the  ridges,  just  above  the  water  line,  but  where 
the  soil  will  receive  a  certain  amount  of  moisture  by  capillary  attrac- 
tion. Then  irrigate  on  the  9-foot  spaces  as  often  as  the  earth  dries  and 
cracks,  until  the  small  plants  are  large  enough  to  hoe,  after  which  one 
irrigation  every  two  or  three  weeks  will  suffice. 

As  soon  as  the  vines  begin  to  run,  irrigation  must  cease  in  the  9-foot 
spaces,  which  must  be  kept  free  from  weeds,  and  dry,  for  the  vines  to 
spread  over  and  fruit  upon.  The  water  must  thereafter  be  applied  in 
the  furrow  between  the  two  ridges.  The  vines  should  be  bent  over  so 
that  they  run  over  the  9-foot  spaces,  and  in  this  way  they  will  get  dry 
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soil  on  whicli  to  ripen  their  fruit.  The  seed  is  sown  from  the  middle 
of  April  to  the  beginning  of  May,  and  pretty  thickly,  as  there  is  a 
small  insect  that  is  apt  to  eat  some  of  the  plants.  They  can  be  thinned 
oat  £rom  2  to  2^  feet  in  the  rows.  Sowing  in  a  hot  bed  and  transplant- 
ing has  been  tried,  but  is  not  favored;  the  plants  get  such  a  check  in 
lifting  that  they  are  little,  if  any,  ahead  of  those  sown  in  the  field. 

If  the  plants  do  well  they  will  produce  an  enormous  weight  of  toma- 
toes— ^25,000  to  30,000  pounds.  Last  year  the  price  paid  was  75  cents 
per  100  x>ounds;  but  50  cents  is  a  fair  return.  There  is  a  certain 
amount  of  risk  attached  to  the  cultivation  of  tomatoes.  Even  when 
the  plants  are  up  there  is  the  risk  of  the  vines  being  attacked  by  a 
disease  which  rots  them  just  above  the  ground  and  has  caused  great 
losses  during  past  years.  A  remedy  for  this  has  been  found  in  spray- 
ing the  vines  with  a  weak  solution  of  bordeaux  mixture. 

OBOHABDS  AND  VINEYABDS. 

Among  the  native  Mexicans  the  grape  is  the  principal  fruit  raised  in 
the  valley,  although  many  of  the  American  farmers  own  good  vine- 
yards. The  former  grow  the  Mission  grape  almost  exclusively,  whereas 
the  latter  mostly  raise  the  Muscat  of  Alexandria,  Black  Hamburg,  Gros 
Oolmar,  Malvoisie,  and  other  so-called  California  varieties,  all  of  which 
thrive  perfectly. 

Tlie  grapes  begin  to  ripen  toward  the  end  of  July,  and  the  shipping 
season  usually  lasts  till  about  the  last  week  in  October.  A  great  deal 
of  wine  is  made,  but  it  is  usually  more  i)rofl table  to  sell  the  fruit  for 
table  use.  During  the  season  large  quantities  are  shipped,  mostl}"^  in 
10-pouud  baskets,  to  all  the  towns  in  New  Mexico,  and  to  many  of  the 
markets  of  Arizona,  Colorado,  Texas,  Louisiana,  etc. 

The  vineyards  are  usually  started  by  putting  a  couple  of  cuttings 
during  March  every  8  feet  each  way,  although  many  of  the  older  vine- 
yards are  set  at  6  feet  apart.  When  the  cuttings  begin  to  grow  the 
weaker  one  is  pulled  out  and  the  stronger  left.  The  object  of  setting 
two  cuttings  is  to  make  sure  of  one  growing.  At  8  feet  apart  each  way 
680  vines  go  to  the  acre,  and  this  seems  to  be  a  better  distance  than  6 
feet,  as  it  gives  more  room  for  cultivation.  Some  of  the  more  i)rogress- 
ive  horticulturists  consider  that  the  rows  10  feet  apart  and  the  vines 
8  feet  apart  in  the  row  (544  to  the  acre)  is  still  better. 

What  is  known  as  the  "  stump"  method  of  training  and  pruning  is 
followed.  This  consists  in  staking  the  vine  during  the  first  two  years, 
so  as  to  form  a  straight  upright  trunk.  The  first  year  the  vine  is 
allowetl  to  grow  as  it  pleases,  when  it  is  cut  back  to  its  strongest  eye. 
The  second  year  all  the  buds  are  rubbed  off  to  the  height  of  16  or  18 
inches,  and  at  the  next  pruning  the  cane  is  cut  back  to  18  or  20  inches, 
leaving  two  or  three  buds  as  a  basis  for  the  future  head.  From  now 
the  ^^  short  spur"  system  of  pruning  is  adopted;  that  is,  the  canes  are 
all  allowed  to  grow  as  they  please  during  summer,  and  at  the  annual 
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pruning  in  March  these  canes  are  cut  back  to  one  or  two  eyes,  from 
which  spring  the  bearing  canes.  Of  course,  as  the  vines  get  old  too 
many  spars  are  made  and  many  of  them  too  long,  when  some  must  be 
cut  out  altogether.  Under  this  system  most  of  the  grapes  seem  to 
thrive  very  well,  although  there  is  a  great  deal  of  very  careless  staking 
and  training  in  the  early  life  of  the  vines,  resulting  in  difficult  pruning 
later  on,  and  many  of  the  bunches  get  spoiled  by  the  mud,  owing  to 
the  want  of  a  good,  strong,  straight  trunk  to  hold  up  the  fruit. 

There  is  considerable  difference  of  opinion  as  to  whether  the  grape 
vines  need  to  be  hilled  up  during  the  winter  in  this  valley.  The  old 
custom  among  the  natives  has  been  to  cover  the  vines  with  hills  of 
earth  in  the  month  of  November  and  not  to  uncover  until  the  following 
March,  when  it  is  time  to  prune.  The  mounds  of  earth  are  raised  suffi- 
ciently high  to  just  cover  the  buds  which  are  to  be  left  for  the  coming 
year.    No  irrigation  is  given  during  the  winter  or  until  after  pruning. 

The  object  of  this  hilling  up  is  not  to  protect  the  vines  so  much  from 
the  winter  cold  as  from  the  cold,  drying  winds,  which  cause  the  trunk 
to  crack  and  the  canes  to  winter- kill.  It  is,  however,  claimed  by  those 
who  have  tried  it  in  recent  years  that  if  the  vineyards  be  irrigated  dur- 
ing the  winter  these  dry,  cold  winds  do  no  harm  and  the  vines  thrive 
better.  Pruning  is  usually  done  in  March,  but  earlier  grapes  are  pro- 
duced when  the  vines  are  pruned  in  the  fall. 

As  a  general  rule  the  cultivation  of  the  vineyards  is  most  slovenly, 
and  this  remark  applies  quite  as  much  to  those  owned  by  Americans 
as  to  the  Mexican  vineyards.  Indeed,  the  latter  are,  on  the  whole, 
better  cared  for.  There  is  rarely  any  real  cultivation  of  the  soil  dur- 
ing summer,  and  only  when  the  weeds  get  too  rampant  are  men  sent  in 
with  hand  hoes.  Undoubtedly  much  better  results  would  be  obtained 
if  the  vines  were  wider  apart,  better  trained,  and  the  surface  soil  kept 
well  pulverized  throughout  the  year.  There  would  also  be  less  injury 
from  drought,  for  the  vine  is  deeply  rooted  and  can  stand  a  long  time 
without  water  if  otherwise  properly  cared  for. 

Next  to  the  grape  the  peach  has  hitherto  proved  the  most  successfid 
fruit  raised  in  the  valley.  The  tree  comes  to  maturity  very  early  and 
bears  enormously.  The  quality  of  the  fruit  is  also  excellent  and  will 
compare  favorably  with  that  raised  in  any  other  part  of  the  United 
States.  If  carefully  pruned  and  the  fruit  thinned  out,  the  peach  tree  is 
also  long  lived  in  this  valley. 

Young  trees  one  year  old  from  the  bud  are  always  used  in  setting 
out  an  orchard,  and  as  the  peach  tree  at  six  or  seven  years  old  will 
cover  a  space  of  ground  7  to  8  yards  in  diameter  they  are  usually  set 
out  24  feet  by  21,  at  which  distance  an  acre  will  contain  86  trees.  Com, 
beans,  or  vegetables  are  generally  grown  between  the  rows  for  the  first 
two  years,  but  many  experts  are  of  opinion  that  the  trees  will  grow 
better  if  the  land  is  kept  clear  and  well  cultivated. 

The  'pesuih  tree,  and  indeed  all  other  fruit  trees,  are  headed  low  in 
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pmniiifi:,  so  as  to  protect  the  trunks  and  ground  from  the  scorching 
son.  The  first  branches  are  usually  started  about  2  to  3  feet  from  the 
ground,  sometimes  much  lower. 

Nearly  if  not  quite  as  many  apple  trees  have  been  set  out  as  i>each 
trees,  but  owing  to  the  longer  time  required  to  come  to  maturity,  fewer 
orchards  are  in  bearing.  As  previously  remarked,  any  variety  that 
makes  a  good  peach  in  other  parts  of  the  world  will  do  the  same  in  New 
Mexico,  and  the  same  rule  applies  to  grapes,  plums,  and,  to  a  great  extent, 
pears.  But  in  the  case  of  the  apple  the  climate  and  probably  the  soil 
and  water  have  a  very  marked  effect  in  changing  the  color,  quality,  and 
time  of  rii>ening  and  keeping  of  the  apples,  so  that  especial  varieties 
have  to  be  chosen  to  suit  the  climate,  etc. 

As  regards  the  general  character  and  quality  of  the  apples  raised,  it 
may  be  said  that  in  size  and  beauty  of  coloring  they  are  unsurpassed; 
but  they  are  of  only  fair  quality  and  do  not  keep  long.  Nevertheless, 
tills  may  be  classed  as  a  good  apple  country  when  one  considers  that 
the  apple  is  a  sure  cropper  every  year  and  that  this  is  the  most  southern 
locality  in  which  this  fruit  can  be  profitably  cultivated. 

As  in  the  case  of  the  peach,  yearling  trees  are  the  best  to  set  out. 
Two-year-old  trees,  however,  do  well,  but  it  is  not  advisable  to  use 
older  plants.  The  best  distance  to  plant  seems  to  be  24  by  21  feet,  and 
m  pruning  they  must  be  headed  low.  So  far  as  one  is  able  to  judge, 
the  apple  is  not  a  very  long-lived  tree  in  this  climate,  owing  largely,  I 
believe,  to  the  fact  that  the  trees  are  allowed  to  overbear  year  after 
year.  Experiments  made  by  me  prove  that  it  would  pay  to  thin  out 
the  fruit  in  the  same  way  that  peaches  are  thinned  out. 

The  climate  seems  admirably  adapted  to  the  cultivation  of  pears, 
plums,  and  prunes,  and  they  are  less  subject  to  frost  than  peaches, 
although  not  such  a  sure  crop  as  apples.  All  sorts  of  pears  and  plums 
grow  to  the  greatest  i>erfection.  TTp  to  the  present  time  no  prunes  have 
been  cured,  but  the  trees  thrive,  and  the  dry,  sunny  climate  ought  to 
make  this  industry  a  profitable  one. 

Besides  the  fruits  already  mentioned,  quinces  and  mulberries  grow 
to  perfection.  Melons  and  cantaloupes  are  also  raised  and  shipped  in 
large  quantities.  Peanuts  do  well,  but  very  few  have  been  raised  for 
market.  All  sorts  of  small  grain  thrive  in  the  valley,  and  the  very 
finest  samples  of  wheat  have  been  raised.  The  land  and  climate  are 
also  admirably  adapted  to  beet-culture  and  tobacco.  Ganaigre,  the 
new  tanning  plant,  grows  wild  on  the  adjoining  plains,  and  it  is  prob- 
able that  when  this  plant  comes  into  more  general  use  a  considerable 
industry  will  spring  up  in  the  valley. 

One  of  the  greatest  errors  made  by  the  earliest  settlers  was  to  sow 
down  their  orchards  with  alfalfa.  Doubtless  the  mistake  arose  from  the 
&ct  that  orchards  in  the  East  are  advantageously  sown  with  white 
dover..  The  latter,  however,  is  a  shallow-rooted  plant,  whereas  the 
iibi&b  at  three  or  four  years  of  age  will  have  roots  far  larger  and  deeper 
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than  those  of  an  apple  tree,  and  the  inevitable  result  has  always  been 
that  the  alfalfa  prevented  the  growth  and  ultimately  caused  the  death 
of  the  fruit  trees.  Even  if  sown  in  an  established  orchard  the  alfalfa 
will  so  rob  the  soil  that  no  good  fruit  will  be  produced,  and  in  the  end 
the  alfalfa  surely  kills  the  trees. 

The  earliest  planted  orchards  were  invariably  supplied  with  a  wind- 
break, mostly  composed  of  osage  orange,  and  occasionally  of  cotton- 
wood  or  Eussian  mulberry  trees.  All  these  wind-breaks  had  the  same 
defects — they  gave  no  protection  to  the  newly  planted  fruit  trees,  unless 
the  wind-break  was  set  four  or  live  years  in  advauce;  and  nothing  would 
grow  near  the  trees  used  as  a  wind-break,  owing  to  their  robbing  the 
soil  of  all  nutriment  for  a  considerable  distance.  The  osage  orange  had 
one  advantage — it  provided  an  iuipenetrable  fence. 

The  Mexicans  had,  as  a  rule,  surrounded  these  vineyards  with  an 
adobe  or  mud  wall,  which,  while  making  a  perfect  wind-break,  afforded 
a  too  comfortable  winter  resort  for  the  codling-moth  grub  and  other 
noxious  insects.  Ultimate  experience  showed  that  the  best  and  only 
wind-break  needed  was,  as  a  friend  facetiously  remarked,  a  good 
barbed- wire  fence.  If  there  be  any  advantage  in  a  wind-break,  XK)S8ibly 
the  best  thing  to  do  would  be  to  plant  a  row  of  wild-goose  plum  trees, 
about  10  feet  apart.  They  would  bear  a  profitable  crop  every  year^ 
and  form  an  almost  impenetrable  thicket. 

For  the  vegetable  garden,  however,  a  wind-break  is  absolutely  neces- 
sary to  protect  the  young  growing  plants  from  the  destructive  efiects  of 
the  bleak  winds  in  February  and  March.  An  adobe  wall  is  perhaps  the 
best  protection,  or  a  fence  may  be  made  of  lumber,  or  even  of  the 
walking-cane  cactus,  which  grows  plentifully  on  the  sidjoining  table- 
lands. This  latter  will  last  eight  or  ten  years,  and  is  impassable  by 
man,  pigs  or  poultry. 

The  valley  is  not  exempt  from  late  spring  frosts,  which  occasionally 
do  considerable  damage  to  the  frait  blossoms.  These  frosts,  however, 
are  not  worse  than  those  occurring  in  almost  every  other  fruit  district, 
and  their  iigurious  effects  can  be  considerably  mitigated  by  means  of 
irrigation.  The  trees  most  liable  to  injury  are  the  almond  and  apricot, 
owing  to  the  earliness  of  their  blossoming;  and  on  this  account  they 
are  seldom  planted.  Peaches  are  also  cut  ofi'  two  or  three  years  out 
of  seven ;  but  apples  and  grapes  are  very  seldom  injured,  and  there 
are  apple  orchards  and  vineyards  which  have  not  failed  to  produce  a 
good  crop  annually  for  the  past  fourteen  years.  Pears  and  plums  are 
liable  to  sufi'er  more  often  than  apples,  but  are  a  much  more  certain  crop 
than  peaches. 

ADVANTAGES  OF  IRRIGATION, 

When  the  Eastern  farmer  sees  all  the  work  entailed  in  laying  out  a 
wheat  held  for  irrigation  and  the  subsequent  labor  of  applying  the  water, 
he  is  often  heard  to  exclaim,  *<  If  all  that  work  is  necessary  I  have  no  use 
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for  irrigation."  It  is  useless  to  attempt  to  disguise  the  fact  that  irriga- 
tion entails  much  expense  in  the  cultivation  of  crops.  Of  course,  that 
expense  varies  with  the  kind  of  crop  raised;  but  the  question  may  be 
asked  whether  the  value  of  the  extra  quantity  produced  is  not  in  excess 
of  the  extra  expenditure. 

Let  us  take  the  case  of  alfalfa.  The  yearly  expense  per  acre  for  irriga- 
tion, as  has  already  been  shown,  is  $2.15;  but  four  crops  of  hay  are 
raised  in  the  year  in  lieu  of  one  without  irrigation,  or  say  3^  tons  instead 
of  1^  tons.  The  farmer  therefore  gets  an  extra  2  tons  of  hay  for  an 
expenditure  of  $2.15  in  water.  Add  $2  for  the  cost  of  harvesting  these  2 
tons,  and  you  have  an  extra  2  tons  of  hay  costing  $4.15,  or  $2.08  per  ton. 

In  the  case  of  wheat  crop  it  is  not  easy  to  give  exact  figures,  but  I 
have  no  hesitation  in  saying  that  the  crop  will  be  double  what  it  is  in 
countries  where  irrigation  is  not  practiced  and  where  fertilizers  are  not 
used.  This  is  due  in  large  part  to  the  fertilizing  properties  of  the  river 
wat«r,  to  which  reference  has  already  been  made,  which  insures  the 
permanent  fertility  of  the  soil.  One  must  also  bear  in  mind  the  fact  that 
wheat  and  almost  all  farm  products  are  worth  more  in  the  irrigated  dis- 
tricts of  the  West  than  they  are  farther  east. 

No  farmer  would  consider  it  a  waste  of  money  to  put  10  tons  per  acre 
of  barnyard  manure  upon  his  land  every  year,  even  though  it  cost  him 
$6.  For  half  this  expense  he  can,  where  the  river  water  is  of  the  same 
quality  as  that  which  irrigates  the  Mesilla  Valley,  not  only  apply 
fertilizers  equal  to  the  contents  of  10  tons  of  barnyard  manure,  but  he 
gives  the  crop  the  exact  amount  of  water  required  for  a  full  yield, 
insures  it  against  loss  by  drought,  and  gets  a  better  price  than  could 
be  obtained  elsewhere.  Irrigation  farming  means  intensive  farming; 
and  it  is  intensive  farms  which  pay  in  the  long  run. 

If  the  question  is  asked,  as  it  often  is.  What  is  the  most  profitable 
product  to  raise  in  New  Mexico?  the  answer  generally  made  is  that 
apples,  peaches,  grapes,  or  some  fancy  crop  will  pay  the  most  money, 
and  dazzling  figures  are  given  showing  the  number  of  pounds  -per  acre 
and  cents  per  pound,  resulting  in  a  rapid  fortune  from  40  acres  of  land 
In  my  opinion,  however,  the  future  of  farming  in  New  Mexico  does  not 
lie  in  this  direction. 

I  have  elsewhere  referred  to  the  feeding  qualities  of  alfalfa,  especially 
when  mixed  with  corn  or  sorghum  fodders  and  corn  meal.  The  climate, 
soil,  and  irrigation  of  the  Mesilla  Valley,  and  of  many  other  valleys 
on  the  Bio  Grande,  are  especially  adapted  to  raising  these  crops,  and  I 
believe  that  the  future  of  farming  here  lies  in  feeding  alfalfa  and  corn 
for  the  production  of  beef,  pork,  and  dairy  products. 

There  is  an  abundance  of  range  cattle,  which  up  to  the  present  time 
are  shipped  to  Eastern  points  and  there  fattened  for  market,  while  right 
here  are  all  the  means  of  fattening  these  cattle.  If  the  cattle  were 
Hfttt-ened  at  home,  not  only  could  they  be  shipped  more  profitably,  but 
there  would  be  a  remunerative  market  at  home. 
1KB  10 4 
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The  advantages  of  stock-feeding  over  fruit-growing  are  many.  In  the 
first  place,  the  stock  give  an  immediate  return,  whereas  no  returns  can  be 
ex^jected  from  fruit  for  four  and  often  six  years.  Then,  again,  there  are 
more  farmers  who  understand  stock-raising  than  there  are  who  under- 
stand fruit-growing.  Moreover,  there  are  many  risks  attached  to  an 
orchard  which  are  absent  from  a  stock  farm,  especially  in  the  matter  of 
prices  obtainable  for  the  produce.  Pork,  beef,  and  butter  are  always  in 
steady  demand  and  at  cash  prices,  and  the  stock  farmer  is  not  liable  to 
losses  from  gluts  in  the  market,  which  so  often  beset  the  orchardist.  It 
may  seem  strange  to  predict  that  the  great  future  of  farming  in  one  of 
the  finest  fruit  valleys  in  the  world  is  in  stock  rather  than  in  fruit,  but 
it  will  not  be  the  first  instance  of  the  kind. 
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3.65 

3.60 

3.65 

3.70 

3.45 

3.70 

3.70 

3.65 

3.65 

3.20 

8.70 

3.70 

3.65 

3.00 

3.70 

3.75 

3.65 

3.50 

3.65 

3.70 

3.60 

3.55 

3.75 

3  65 

3.50 

3.50 

8.80 

3.50 

3.66 

3.55 

3.70 

3  65 

3.66 

3.50 

3.70 

3.05 

3.85 

3.60 

3.70 

4.90 

3  85 

3.40 

3,70 

4.20 

3.50 

3.70 

3.75 

Patuxent  River  at  Laurel,  Maryland. 


Day. 


Day. 

Aug. 

Sept. 

4.20 
4.00 
4.00 
3.50 
4.20 
4.50 
4.00 
3.30 
3.30 
4.30 
2.30 
4.50 
2.20 
2.90 
4.50 
4.70 

Oct 

4.75 
4.30 
3.80 
3.20 
3.95 
3.75 
3.80 
8.75 
3.75 
3.80 
3.10 
3.90 
3.80 
3.90 
3.80 
3.80 

Inov. 

3.15 
4.35 
3.05 
4.40 
4.60 
4.65 
4.80 
3.25 
4.80 
4.45 
4.70 
4.50 
4.60 
4.45 
3.55 
4.60 

Dec. 

Day. 

1 

4.75 
4.85 
4.65 
4.70 
4.75 
3.95 
4.85 
4.75 
4.75 
4.70 
4.55 
4.65 
3.85 
4.60 
4.65 
4.60 

17 

2 

18 

3 

4.30 
4.30 
4.10 
4.20 
4.00 
4.00 
3.50 
3.90 
4.30 
4.10 
4.10 
4.30 
4.50 
3.60 

19 

4 

20 

5 

21 

6 

22 

7 

2:j 

8 

24 

9 

25 

10 

26 

11 

27 

12 

28 

13 

29 

14 

30 

15 

31 

16 

Potomac  River  at  Cumberland^  Maryland. 


1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

25 

26 

27 

28 

29 

30 

31 


Jan.    Feb. 


I 


2.90 
2.00 
3.00 
2.90 
2.90 
2.90 
2.90 
2.90 
2.90 
2.90 
2.90 
3.00 
3. 00 
3.00 
3.00 
3.00 
3.00 
3.00 
2.90 
2.90 
3.00 
3.00 
8.00 
3.10 
3.50 
3.80 
3.10 
3.00 
3.00 
3.70 
4.20 


4.60 
4.80 
4.00 
3.80 
3.80 
3.80 
4.50 
3.90 
3.00 
3.40 
3.10 
3.30 
4.90 
4.10 
3.80 
3.80 
3.50 
3.50 
3.20 
a.  20 
3.20 
8.20 
3.30 
3.10 
3.80 
3.80 
3.30 
3.20 
3.70 


Mar. 


3.90 
3.70 
3.00 
3.30 
3.10 
3.10 
3.10 
8.60 
3.40 
3.30 
3.30 
3.40 
3.10 
3.10 
3.10 
3.20 
3.30 
3.30 
3.50 
3.60 
3.70 
3.70 
4.00 
3.90 
3.70 
4.00 
5.00 
4.50 
5.80 
8.00 
6.00 


4. 
4. 


Apr. 


5.00 
4.80 
4.40 
4.20 
3.80 
3.80 
3.70 
3.70 
3.70 
3.70 
3.70 
30 
30 
4.10 
3.00 
3.80 
3.80 
3.70 
3.50 
3.50 
3.50 
3.50 
3.30 
3.40 
3.50 
3.50 
3.50 
3.50 
3.50 
3.40 


May. 

flano. 

4.50 

3.60 

4.50 

3.50 

4.50 

U.40 

4.50 

3.50 

3.40 

3.30 

3.30 

3.30  . 

3.10 

3.80 

3.00 

3.70 

3.00 

3.40 

3.00 

3.40 

2.90 

3.40 

2.90 

3.40 

3.50 

3.20 

3.50 

3.20 

3.30 

3.30 

3.20 

3.30 

3.10 

3.  70 

3.40 

4.10 

3.50 

3.70 

3.80 

3.60 

3.80 

3.30 

3.60 

3.30 

3.40 

3.20 

3.40 

3.50 

3.50 

3.50 

3.50 

3.60 

4.00 

3.50 

3.70 

3.30 

4.10 

3.80 

4.00 

3.20 

3.80 

July. 


3.10 
3.10 
3.10 
3.10 
3.10 
2.90 
2.90 
2.90 
3.10 
3.70 
3.40 
3.30 
3.10 
3.00 
3.00 
3.00 
3.00 
3.30 
3.10 
3.10 
3.30 
4.00 
4.70 
4.60 
10.00 
6.50 
4.70 
4.90 
4.50 
4.50 
4.50 


Aug. 

Sept 

3.80 

2.60 

3.80 

2.70 

3.80 

2.70 

3.70 

2.70 

3.30 

2.70 

3.30 

2.80 

3.20 

2.90 

3.20 

2.90 

3.40 

2.90 

3.40 

2.90 

3.30 

2.80 

3.30 

2.70 

3.10 

2.90 

3.60 

3.00 

3.50 

3.10 

3.30 

3. 50 

3.10 

3.00 

3.00 

3.00 

2.00 

3.00 

2.90 

2  90 

3.00 

3.00 

3.00 

3.10 

3.00 

3.10 

3.20 

3.00 

3.00 

3.00 

2.90 

3.00 

2.90 

3.  CO 

2.90 

2.90 

2.90 

2.90 

2.90 
...... 

10.00 

Oct 


5.50 
4.50 
4.50 
3.50 
3.40 
3.30 
3.10 
3.10 
3.10 
3.00 
3.00 
3.10 
3.10 
3.00 
3.00 
3.00 
3.00 
3.00 
2.90 
2.90 
3.10 
3.10 
3.10 
3.30 
3.70 
3.50 
3.20 
3.20 
3.10 
3.10 
3.10 


Nov. 


Aug. 
4.60 

Sept. 
4.ri0 

Oct 
3.80 

Nov. 

Dec. 
4.40 

4.50 

4.00 

3.75 

3.10 

4.40 

4.55 

4.10 

4.35 

3.85 

4.50 

4.40 

4.60 

5.10 

3.90 

4.50 

3.20 

4.60 

3.90 

4.45 

4.50 

4.60 

4.40 

3.75 

4.30 

3.00 

4.50 

3.  GO 

3.65 

4.45 

4.65 

4.30 

4.40 

3.80 

4.40 

4.30 

3.85 

4.60 

3.70 

3.25 

4.30 

4.15 

4.60 

3.80 

4.60 

3.15 

4.25 

4.50 

3.05 

4.55 

4.55 

4.05 

4.50 

3.70 

4.15 

4.20 

4.25 

4.40 

3.70 

3.95 

5.50 

4.70 

2.70 

4.85 

4.10 

5.00 

4.65 

4.70 

3.95 

4.90 

Dec. 


3.10 

3.70 

3.10 

3.50 

3.10 

3.40 

3.20 

3.30 

3.20 

3.30 

5.50 

3.30 

4.50 

3  30 

3.80 

3.20 

3.80 

3.30 

3.70 

3.30 

3.  GO 

3.40 

3.50 

3.60 

3.50 

3.40 

3.40 

3.30 

3.20 

3.30 

3.10 

3.30 

3.10 

3.30 

3.20 

3.80 

3.30 

3.30 

3.30 

3.30 

3.20 

3.20 

3.  SO 

3.20 

3.30 

3.20 

3.40 

3.30 

3.30 

3.20 

8.30 

3.20 

3.20 

3.10 

3.20 

3.10 

3.90 

8.10 

4.00 

3.10 

3.20 
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North  Biver  at  Port  Republic,  Firginia, 


Day. 

Jan. 

Feb. 

Mar. 

2.60 
4.00 
2.60 
3.60 
2.60 
2.50 
2.60 
2.50 
2.50 
2.50 
2.40 
2.40 
2.40 
2.40 
2.60 
2.60 
2.80 
3.20 
4.80 
7.20 
5.00 
4.80 
4.00 
3.80 
3.50 
3.50 
3.50 
3.50 
4.40 
6.50 
5.90 

Apr. 

5.40 
5.00 
4.60 
4.20 
4.00 
3.60 
3.50 
3.50 
3.40 
3.30 
3.80 
3.20 
3.20 
3.00 
3.00 
(a) 

>  •  •  • 

62.22 
2.22 
J4.22 

May. 

1 

2 

3.00 
2.70 
2.50 
2.40 
2.40 
2.40 
2.40 
2.30 
2.30 
2.30 
2.30 
2.30 
2.30 
2.20 
2.20 
2.10 
2.10 
2.00 
2.00 
3.00 
2.00 
2.00 
2.10 
6.15 
5.30 
4.00 
3.30 
3.00 
2.80 
2.60 
2.50 

2.50 
2.50 
2.80 
3.80 
3.80 
5.00 
5.70 
4.50 
4.10 
3.70 
3.60 
3.30 
3.30 
5.20 
4.70 
3.80 
3.60 
3.10 
3.00 
2.70 
2.70 
2.70 
2.70 
2.70 
2.70 
2.60 
2.60 
2.60 
2.60 

• 

2.32 
2.52 

3 

2.52 

4 

3.32 

5 

3.32 

6 

7 

3.32 
3,12 

8 

2.92 

9 

2.72 

10 

2.72 

11 

2.72 

13 

2.62 

13 

2.62 

14 

5.82 

15 

3.82 

16 

3.22 

17 

3.02 

18 

2.82 

19 

2.82 

20 

2.62 

21 

22 

2.62 
2.62 

23 

2.62 

24 

2. 52 

25 

2.52 

26 

2.52 

27 

2.52 

28 

29 

30 

2.42 
2.42 
2.42 

31 

2.42 

a  Oafse  carried  away. 


Juno. 

July. 
2.80 

Aug. 

Sept 

Oct. 

Nov. 

Due. 

2.42 

2.43 

2.00 

7.50 

2.35 

4.40 

2.32 

2.70 

2.43 

1.95 

4.50 

2.35 

3.  .50 

2.32 

2.70 

2.55 

1.90 

4.00 

2.35 

3.80 

2.22 

2.60 

2.45 

1.90 

3.50 

2.35 

3.30 

2  20 

2.60 

2.40 

1.90 

3.30 

4.70 

3.35 

2.20 

2.80 

2.40 

1.85 

3.20 

0.00 

3.10 

4.60 

2.80 

2.30 

1  85 

3.10 

4.30 

3.05 

3.00 

2.80 

2.30 

1.80 

3.00 

3.60 

2.90 

2.60 

7.50 

2.30 

1.80 

2.00 

3.30 

2.80 

2.50 

5.30 

2.25 

1.75 

2.80 

3.30 

2.70 

2.30 

3.00 

2.20 

1.70 

2.65 

3.20 

2.65 

2.30 

3.60 

2.20 

1.70 

2.56 

3.00 

2.60 

2.20 

3.30 

2.20 

1.70 

2.50 

2.80 

2.55 

2.20 

3.00 

3.00 

1.70 

2.50 

2.80 

2.55 

2.20 

3.30 

2.70 

2.00 

2.50 

2.70 

2.50 

2.20 

3.00 

2.70 

1.90 

2.50 

2.70 

2.50 

2.60 

3.10 

3.00 

1.80 

2.50 

2.65 

2.45 

2.40 

2.70 

2.40 

1.80 

2.45 

2.65 

2.45 

2.40 

2.70 

2.30 

1.80 

2.45 

2.60 

2.45 

3.30 

2.70 

2.25 

1.70 

2.40 

2.60 

2.45 

3.00 

2.60 

2.25 

1.70 

2.40 

2.65 

2.  45 

2.90 

2.50 

2.25 

1.70 

2.35 

2.50 

2.45 

2.50 

2.50 

2.20 

1.70 

2.  35 

2.50 

2.46 

2.40 

2.50 

2.20 

1.65 

2.  35 

2.45 

2.45 

2.40 

3.00 

2.40 

1.65 

2.35 

2.40 

2.40 

3.20 

2.70 

2.20 

1.65 

2.35 

2.40 

2.40 

3.00 

2.70 

2.20 

1.05 

2.35 

2.40 

3.00 

2.60 

2.15 

1.65 

2.35 

2.35 

2.40 

2.90 

2.60 

2.15 

7.21 

2.35 

3.00 

2.40 

2.90 

2.50 

2.10 

18.00 

2.35 

5.50 

2.40 

2.45 

2.10 

2.35 

2.35 

b  New  gago. 


South  nicer  at  Port  RepuhliCj  Virginia. 


Day. 

1 

Jan. 

Feb. 

Mar. 

Apr. 

May. 

1.70 
1.70 
2.20 
2.20 
2.20 
2.20 
2.10 
2.00 
1.90 
1.90 
1.90 
1.80 
1.70 

June. 

1.60 
1.50 
1.50 
1.50 
1.60 
1.50 
2.50 
2.60 
2.50 
2.00 
1.80 
1.80 
1.70 
1.60 
1.60 
1.60 
2.  .50 
2.20 
2,20 
2.60 
2.00 
2.00 
1.80 
1.70 
1.70 
2.00 
2.00 
2.00 
1.90 
1.90 

July. 

1.80 
1.80 
1.70 
1.60 
1.60 
1.70 
1.70 
1.70 
4.80 
3.20 
2.70 
2.50 
2.40 
2.30 
2.30 
2.00 
2.00 
1.70 
1.80 
1.80 
1.70 
1.70 
1.70 
1.70 
1.70 
1.70 
1.70 
1.70 
1.60 
1.00 
1.50 

Aug. 

1.50 
1.50 
1.50 
1.50 
1.60 
1.45 
1.45 
1.40 
1.40 
1.40 
1.40 
1.40 
1.40 
2  00 
1.60 
1.60 
1.60 
1.50 
1.50 
1.50 
1.50 
1.50 
1..50 
1.50 
1.66 
1.5o 

1.50 
1.50 
1.50 
1.45 
1.45 

Sept. 

Oct. 

5.00 
3.30 
3.0O 
2.75 
2.40 
2.30 
2.30 
2.20 
2.10 
2.00 
2.00 
1.95 
1.95 
1.90 
1.85 
1.85 
1.85 
1.85 
1.85 
1.80 
1.75 
1.70 
1.65 
1.65 
1.65 
1.65 

"i.'m 

1.60 
1.60 
1.60 

Nov. 

Doc. 

1            

1.80 
1.80 
1.80 
1.70 
1.60 
1.50 
1.40 
1.40 
1.30 
1.30 
1.30 
1.30 
1.30 
1.20 
1.20 
1.20 
1.20 
1.20 
1.20 
1.20 
1.20 
1.20 
1.30 
4.90 
3.60 
3.00 
2.70 
2.40 
2.30 
•2.20 
2.10 

2.00 

2.00 

3.20 
3.00 
2.80 
2.70 
2.50 
2.50 
2.40 
2.30 
2.30 
2.20 
2.20 
2.20 
2.20 

1.40 
1.40 
1.40 
1.40 
1.40 
1.40 
1.40 
1.40 
1.40 
1.40 
1.40 
1.40 
1..35 
1.35 
1.35 
1.35 
1.35 
Lib 
1.35 
1.35 
1.35 
1.30 
1.30 
1.25 
1.25 
1.25 
1.25 
1.25 
9.60 
17.00 

1.60 
1.60 
1.60 
1.60 
4.10 
3.50 
3.00 
2.60 
2.40 
2.30 
2.15 
2.15 
2.10 
2.10 
2.00 
2.00 
1.90 
1.90 
1.85 
1.85 
1.80 
1.80 
1.80 
1.80 
1.  75 
1.70 
2.65 
1.65 
2.00 
3.10 

2.70 

2 

2.00 
2.30 
2.50 
2.50 
3.15 
3.60 
3.10 
3.10 
2.70 
2.50 
2.30 
2.30 
2.80 

2.00 
2.00 
2.00 
2.00 
1.90 
1.90 
1.00 
1.90 
1.90 
1.85 
1.86 
1.85 
1.8.''. 

2.55 

3.  .           

2.40 

4 

S 

2.40 
2.35 

<t 

7 

g 

2.10 
2,10 
2.00 

9 

10 

11 

1.90 

1.80 
1.70 

12 

13 

1.60 
1.50 

14 

2.15  !  3.00 
2. 15  i  2.  00 
2. 10  i  1. 80 
2.00     180 
2.  00     1.  70 
1.90     1.60 
1.90     1.60 
1. 90     1.  60 
1.80     1.60 
1.80     1.00 
1.80     1.60 

1.  50 

IS 

2. 70  '  2. 00 

1.50 

16 

2.50 
2.40 
2.30 
2.30 
2.20 
2.20 
2  20 
2.10 
2.10 
2.10 
2.00 
2.00 
2.00 
2.00 

2.00 
2.20 
2.20 
2.80 
4.30 
3.00 
2.60 
2.60 
2.  .50 
2.60 
2.40 
2.40 
2.40 
2.60 
3.30 
3.20 

1.45 

17 

18 

1.45 
1.45 

19 

1.45 

20 

1.45 

21 

1.45 

22 

1.46 

21 

24 

1.45 
1.45 

2S 

2.00 
2.00 
1.90 
1.80 
1.75 

i.to 

1.60 
1.60 
1.60 
1.60 
1.60 
1.60 
1.60 

1.45 

1   2« 

1.45 

'  27 

» 

29 

30 

31 

1.45 
1.45 
1.45 
1.46 
1.46 

10 
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Shenandoah  River  at  Millvillef  West  Virginia. 


Day. 

Jan. 

1.30 
1.90 
1.80 
1.80 
1.70 
1.60 
1.60 
1.60 
1.40 
1.30 
1.30 
1.20 
1.20 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
.90 
.90 
.00 
2.40 
5.10 
6.30 
4.35 
8.35 
2.00 
1.90 
1.70 

Feb, 

Mur. 

2.60 
2.40 
2.30 
2.00 
1.70 
1.50 
1.40 
1.50 
1.50 
1.50 
1.50 
1.40 
1.40 
1.40 
1.50 
1.50 
1.60 
3.00 
4.20 
4.60 
6.50 
4.60 
4.00 
3.50 
3.00 
2.00 
2.80 
2.70 
2.70 
2.60 
4.60 

Apr. 

May. 

June. 

0.90 
.90 
.90 
.90 
.90 
.80 
1.00 
1.40 
1.90 
2.70 
2.80 
2.40 
1.60 
1.60 
1.90 
1.90 
1.80 
1.90 
2.20 
2.00 
1.90 
2.00 
2.20 
2.00 
1.90 
1.80 
1.80 
2.20 
2.30 
1.90 

July. 

Aug. 

1 

1.40 
1.60 
1.80 
2.00 
2.60 
2.90 
3.80 
5.60 
4.10 
8.70 
3.20 
2.90 
2.50 
2.40 
3.80 
3.50 
3.00 
2.70 
2.50 
2.40 
2.40 
2.30 
2.20 
2.20 
1.80 
1.70 
1.60 
1.50 
2.00 

4.60 
4.20 
3.80 
3.60 
3.20 
2.80 
2.60 
2.60 
2.00 
2.00 
2.00 
2.00 
2.  00 
1.90 
1.70 
1.70 
1.60 
1.60 
1.60 
1.50 
1.50 
1.50 
1.50 
1.50 
1.50 
1.40 
1.40 
1.40 
1.40 
1.40 

1.40 
1.40 
1.50 
1.70 
1.80 
1.90 
2.40 
2.20 
2.00 
2.00 
1.90 
1.70 
1.70 
1.60 
2.40 
3.00 
2.50 
2.40 
2.40 
2.20 
1.80 
1.60 
1.50 
1.00 
1.50 
1.50 
1.50 
1.40 
1.40 
1.40 
I.IO 

1.60 
1.60 
1.50 
1.50 
1.50 
1.50 
1.60 
1.60 
3.15 
4.65 
3.60 
2.50 
2.20 
2.20 
2.20 
2.20 
2.10 
2.00 
2.00 
1.80 
1.60 
1.50 
4.10 
3.00 
3.30 
2.00 
2.00 
1.70 
1.50 
1.40 
1.30 

1.30 

2 

1.20 

3 

1.10 

4 

5 

1.00 
1.00 

6 

1.00 

7 

8 

1.10 
1.10 

9 

1.00 

10 

1.00 

11 

1.00 

12 

1.40 

13 

1.60 

14 

L50 

15 

1.40 

16 

1.40 

17 

18 

1.70 
l.SO 

19 

1.30 

20 

1.20 

21 

1.20 

22 

1.20 

23 

1.00 

24 

1.00 

25 

1.00 

26 

.90 

27 

.90 

28 

.80 

29 

.80 

30 

.80 

31 

.8<» 

Sept 


0.70 
.60 
.60 
.00 
.6.) 
.GO 
.50 
.DO 
.50 
.50 
.60 
.60 
.00 
.60 
.60 
.60 
.60 
.60 
.60 
.80 
.80 
.80 
.70 
.60 
.60 
.60 
.60 
.60 
.60 

5.75 


Oct. 


19.72 
10.00 
5.60 
4.00 
8.40 
2.80 
2.10 
2.00 
1.90 
1.80 
1.80 
1.60 
1.40 
1.40 
1.40 
1.40 
1.30 
1.30 
1.30 
1.20 
1.10 
1.10 
1.00 
1.00 
1.00 
1.00 
1.0O 
1.00 
1.00 
1.00 
.90 


Nov. 


0.90 
.90 
.90 
.90 
1.00 
1.10 
3.20 
2.70 
2.40 
2.10 
1.90 
1.90 
1.90 
1.90 
1.90 
1.80 
1.70 
1.60 
1.60 
1.50 
1.50 
1.60 
1.50 
1.50 
1.40 
1.40 
1.40 
1.40 
1.40 
1.60 


MJ^G* 


2.60 
3.80 
3.10 
2.60 
2.00 
2.00 
2.00 
2. 00 
2.00 
2.00 
1.90 
1.90 
1.80 
1.80 
1.70 
1.70 
1.70 
1.70 
1.70 
1.60 
1.50 
1.50 
1.40 
1.40 
1.60 
1.60 
1.60 
1.80 
1.80 
1.80 
1.80 


Potomac  River  at  Point  of  Rocks j  Maryland. 


Day. 


1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

26 

27 

28 

29 

30 

31 


Jan. 

Feb. 

May. 

1.30 

1.30 

1.20 

1.20 

1.30 

1.30 

1.40 

1.80 

.40 

2.80 

1.40 

3.50 

1.30 

6.80 

1.30 

7.00 

1.30 

5.00 

1.30 

3.80 

1.00 

3.90 

0.80 

.80 

2.80 

.70 

.70 

2.40 

.60 

.60 

2.30 

.60 

.50 

2.70 

.50 

.50 

3.90 

1.60 

.50 

3.50 

1.10 

.40 

2.90 

1.00 

.30 

2.30 

.80 

.30 

1.30 

.60 

.30 

.90 

.60 

.50 

1.10 

.70 

.60 

1.50 

1.00 

2.30 

1.50 

1.00 

4.90 

1.60 

.90 

4.80 

1.40 

.80 

3.70 

1.30 

.70 

2.90 

1.20 

.60 

2.10 

1.80 

.80 

1.60 

1.00 

1.40 

1.60 

Juno. 


1.10 

.80 

.60 

.50 

.40 

.30 

.60 

.60 

1.60 

2.00 

2.20 

1.70 

1.40 

1.10 

1.00 

1.10 

1.20 

3.40 

3.20 

2.70 

2.20 

1.80 

1.80 

1.80 

1.60 

1.70 

1.90 

2.30 

2.00 

1.80 


July. 

Aug. 

Sept. 
0.50 

Oct. 
21.85 

Nov. 

Dec. 

1.60 

2.00 

0.80 

2.00 

1.40 

2.20 

.50 

12.05 

.80 

3.00 

1.20 

2.60 

.40 

0.30 

.70 

2.80 

1.10 

2.00 

.40 

4.00 

.70 

2.30 

1.00 

1.80 

.40 

3.00 

.80 

2.00 

1.30 

1.60 

.50 

2.40 

6.00 

1.80 

1.20 

1.40 

.30 

2.10 

6.00 

1.70 

1.60 

1.20 

.30 

1.80 

5.10 

1.70 

1.90 

1.10 

.30 

1.50 

8.80 

1.60 

2.50 

1.20 

.30 

1.30 

3.00 

1.50 

4.00 

1.10 

.40 

1.20 

2.50 

1.70 

3.80 

1.00 

.30 

1. 10 

2.20 

1.70 

2.70 

1.00 

.30 

1.10 

1.00 

1.60 

2.:u) 

1.10 

.30 

1.00 

1.70 

1.50 

2.30 

1.10 

.30 

1.00 

1.50 

1.40 

l.GO 

1.10 

.80 

1.00 

1.50 

1.80 

1.50 

1.20 

.50 

1.00 

1.40 

1.20 

1.40 

1.00 

.40 

1.00 

1.30 

1.10 

1.40 

.80 

.40 

.90 

1.20 

1.00 

1.30 

.70 

.70 

.00 

1.10 

l.UO 

1.20 

.60 

.40 

.80 

1.00 

1.00 

1.10 

.60 

.50 

.80 

1.00 

1.00 

1.20 

.60 

.40 

.80 

1.00 

1.00 

1.60 

.60 

.40 

.70 

1.00 

1.00 

3.30 

.60 

.30 

.70 

.90 

.90 

8.70 

.50 

.40 

.90 

.90 

1.10 

6.00 

.50 

.40 

1.00 

.90 

1.00 

3.30 

.50 

.30 

.90 

1.00 

.70 

2.70 

.60 

.40 

.90 

1.00 

.70 

2.80 

.60 

6.30 

.80 

1.20 

.80 

2.40 

.50 

.80 

.90 

SATB-l 


GAGE   HEIGHTS   IN   THE   POTOMAC   BASIN. 
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Manooaojf  Biver  at  Frederick,  Maryland. 


Day. 

Aug. 

Sept 

Oct. 

Not. 

Dec. 

Day. 
17 

Ang. 

Sept. 

Oct. 

Nov. 

Dec. 

4.00 
4.00 
4.00 
4.00 
4.00 
3.90 
3.90 
4.10 
4.20 
4.10 
4.10 
4.10 
4.00 
4.00 
4.20 

1 

3.60 
3.60 
3.60 
3.60 
3.60 
3.70 
3.80 
3.90 
3.90 
8.80 
3.70 
3.70 
8.70 
3.70 
3.70 
a3.75 

4.80 
4.40 
4.10 
4.00 
3.90 
3.90 
3.90 
3.90 
8.90 
3.90 
3.80 
3.80 
3.90 
4.20 
4.10 
4.10 

3.90 
4.00 
4.00 
4.00 
5.45 
7.50 
5.00 
4.50 
4.50 
4.80 
4.50 
4.50 
4.30 
4.30 
4.20 
4.20 

4.80 
4.50 
4.50 
4.30 
4.30 
4.10 
4.10 
4.10 
4.20 
4.20 
4.80 
4.20 
4.10 
4.10 
4.10 
4.10 

3.80 
4.40 
4.15 
3.90 
3.90 
3.90 
8.80 
3.70 
3.70 
3.90 
3.90 
3.80 
3.70 
3.60 
3.70 

3.90 
3.90 
4.00 
4.00 
4.00 
3.90 
3.90 
3.80 
3.90 
3.80 
3.80 
3.80 
3.80 
5.00 

4.00 
3.90 
3.90 
3.80 
3.90 
3.90 
3.90 
3.90 
3.90 
3.90 
3.90 
3.90 
3.90 
3.90 
3.90 

4.20 
4.20 
4.20 
4.20 
4.20 
4.00 
4.00 
4.00 
4.00 
4.00 
4.00 
4.00 
4.35 
5.20 

2 

18 

3 

19 

4 

4.10 
4.10 
4.00 
4.00 
3.90 
3.90 
3.90 
3.80 
3.90 
3.90 
3.90 
3.90 
3.80 

20 

5 

21 

6 

22 

23 

7 

8 

24 

9 

25 

10 

26 

11 

27 

12 

28 

13 

29 

u 

30 

15 

31 

16 

a  New  gage. 
Xarih  Biver  at  Glasgow,  Virginia, 


Day. 

Jan. 

2.50 
2.05 
1.85 

(«) 
1.83 
1.35 

(«) 
1.37 
1.40 
1.30 
1  25 
1.22 
1.20 
1.20 
1.18 
1.15 
1.12 
1.12 
1.15 
1.19 
1.17 
1.12 

(a) 
4.96 
3.76 
2.88 
2.42 
2.20 
2.00 
1.90 
1.80 

Feb. 

1.80 
1.50 
3.50 
2.80 
(a) 
4.20 
4.15 
4.35 

*3.*85' 
2.60 
2.50 
2.40 
4.40 
4.00 
3.05 
2.50 
2.25 
2.24 
2.14 
2.05 
1.96 
1.90 
1.86 
1.80 
1.75 
1.70 
1.70 
1.90 

Har. 

Apr. 

May. 

Jane. 

July. 

1.50 
1.36 
1.32 
1.50 
1.6U 
1.40 
3.22 
(a) 
8.45 
4.45 
3.50 

"2.' 78* 
2.40 
2.26 
2.20 
2.52 
2.00 
1.82 
1.75 
1.72 
1.65 
2.25 
1.83 
1.80 
1.67 
1.60 
1.50 
1.60 
1.60 
1.90 

Aug. 

Sept 

1.42 
1.38 
1.40 
1.46 
1.35 
1.35 
1.38 
1.35 
1.33 
1.30 
1.28 
1.26 

Oct 

5.03 
3.70 
2.90 
2.70 
2.00 
2.40 
2.30 
2.15 
2.08 
2.00 
1.96 
1.90 
1.90 
1.88 
1.82 
1.82 
1.80 
1.75 
1.71 
1.70 
1.71 
1.68 
1.70 
1.70 
1.63 
1.67 
1.60 
1.63 
1.63 
1.62 
1.62 

Nov. 

Dec. 

1 

2 

1.90 
1.80 
1.80 
1.76 
1.72 
1.68 
1.68 
1.62 
1.62 
1.60 

(«) 
1.66 
1.60 
1.58 
1.60 
2.85 
4.93 
8.65 
4.20 
5.25 
4.00 
3.12 

(«) 
2.90 

2.80 
2.77 
2.61 
2.51 
3.05 
6.72 
6.41 

5.25 

1.40 
1.33 
1.25 
1.30 
1.28 
1.23 
1.23 
1.24 
2.20 
1.95 
1.00 
1.42 
1.35 
1.96 
1.55 
1.50 
1.40 
1.50 
1.62 
1.96 

(«) 
1.46 
2.08 
1.47 
1.47 
2.26 
2.58 
2.00 
1.74 
1.61 

1.55 
3.35 
2.24 
1.90 
1.76 
1.&4 
1.62 
1.50 
1.44 
1.36 
1.32 
1.30 
1.50 

1.59 
1.60 
1.60 
1.60 
4.75 
4.85 
3.35 
2.90 
2.65 
2.42 
2.30 
2.21 
2.22 
2.11 
2.02 
2.05 
2.01 
2.02 
2.00 
2.01 
1.95 

*'i."67 
. ... .  • . 

"5.66" 

4.13 
3.42 
2.60 
2.50 

"2,46" 
2.30 
2.20 
2.15 
2.11 
2.01 
1.94 

"i.'oo* 

1.90 
1.84 
1.80 
1.80 
1.78 
1.75 
1.70 
1.70 
1.65 
1.60 
1.58 
1.56 
1.56 
1.60 
1.60 
1.50 
1.55 

3 

4 

3.00 

5 

2.60 
2.40 
2.37 

2.33 
2.12 
1.97 
1.86 
1.84 
1.84 

8 

7 

8 

9 

10 

11 

12 

13 

14 

15 

ioi* 

i.94 

3.40 
2.50 
2.25 
1.82 

2.00 
1.72 

if  72* 

1.60 

1.52 

1.48 

1.40 

2.37 

1.54 

2.25 

1.82 

1.70 

1.60 

1.50 

'i.42" 

i.'oo' 

1.00 

1.00 

.98 

.95 

.95 

.90 

.90 

.90 

.93 

.91 

.90 

4.04 

16.09 

16 

17 

18 

19 

1.90 
1.87 

'i.'86* 

i.77' 

"i.76" 

'2.08* 
2.00 
1.74 
1.82 
1.61 
1.60 
1.61 
1.59 
1.63 
1.61 
1.56 
1.45 

». 

» 

a 

a 

Si 

a 

a 

a? 

a 

a 

a 

u 

a  No  obeervation. 


Boanoke  Biver  at  Roanoke,  Virginia. 


D»y. 

Jnly. 

Ang. 

Sept 

Oct. 

Not. 

Deo. 

Day. 

July. 

Ang. 

Sept 

Oct. 

No-. 

Dec. 

1 

0.80 
.90 
.90 

0.70 
.65 
.60 

1.96 
1.70 
1.40 

0.75 

.75 

75 

2.00 
1.90 
1.90 

17 

18 

19 

1.55 
1.50 
1.45 

0.80 
.60 
.62 

0.60 
.59 
.50 

0.75 
.75 
.75 

1.40 
1.30 
1.22 

0.90 
.95 
.90 

i 

3 

4 

.90 

.72 

1.10 

.75 

.85 

20 

1.40 

.62 

.55 

.75 

1.10 

.85 

5 

.90 

.78 

1.00 

2.60 

82 

21 

1.40 

.60 

.60 

.75 

1.00 

.85 

6 

.85 
.70 

.80 
.75 

.95 
.90 

2.10 
1.95 

.82 
.80 

22 

23 

1.38 
1.50 

.65 
.75 

.55 

.50 

.75 
.75 

.00 
.85 

.85 
.82 

7 

8 

.70 

.70 

.86 

1.95 

.80 

24 

1.33 

1.03 

.50 

.75 

85 

.82 

9 

.70 
.70 

.70 
.55 

.85 
.80 

1.90 
1.85 

.78 
.78 

25 

26 

1.30 
1.25 

.99 

.81 

.45 
.50 

.75 
.75 

.80 
.75 

.80 
.80 

10 

3.68 

11 

2.80 

.90 

.50 

.80 

1.82 

.76 

27 

1.20 

.75 

.50 

.75 

1.00 

.80 

12 

2.20 

.80 

.60 

.75 

1.80 

.75 

28 

1.20 

.75 

.55 

.75 

1.30 

.80 

n 

1.96 

.70 

.50 

.80 

1.70 

.75 

29 

1.18 

.75 

1.33 

.75 

2.80 

.80 

u 

1.76 

.75 

.55 

.85 

1.65 

.75 

30 

.76 

.60 

3.40 

.75 

2.45 

.75 

15 

L63 

.80 

.52 

.80 

1.50 

.75 

81 

.85 

.75 

.76 

.75 

16 

1.51 

.74 

.65 

.75 

1.45 

.75 

12 


RIVER   HEIGHTS   FOR   1896. 


[Na  11. 


James  Biver  at  BuchanaHf  Virginia. 


Day. 


Jan. 


1. 
2. 
3. 
4. 

5. 

6. 

7. 

8. 

0. 
10. 
11. 
12. 
13. 
14. 
15. 
16. 
17. 
18. 
10. 
20. 
21. 
22. 
23. 
24. 
2.'>. 
26. 
27. 
28. 
20. 
HO. 
31. 


4.80 
3.40 
2.60 
2.00 
1.65 
1.50 
1.80 


Feb. 

Mar. 
1.30 

Apr. 
7.86 

1.30 

1.30 

1.30 

7.65 

8.25 

1.30 

5.05 

5.60 

1.30 

3.85 

3.00 

1.30 

2.00 

3.80 

1.30 

2.40 

6.05 

1.30 

2.15 

4.35 

1.30 

1.85 

3.60 

1.30 

1.65 

3.50 

1.30 

1.35 

2.05 

1.30 

1.30 

2.30 

1.30 

.50 

2.05 

1.60 

.40 

3.00 

1.60 

.15 

4.30 

1.60 

.10 

3.30 

1.60 

.10 

2.00 

5.05 

.10 

2.30 

5.45 

—.45 

2.00 

4.50 

-.20 

2.00 

6.25 

f.05 

2.00 

6.05 

.10 

2.00 

3.80 

.10 

2.00 

3.25 

.10 

1.60 

8.75 

.10 

1.35 

3.00 

.10 

1.30 

8.65 

-.30 

1.30 

3. 40 

—.60 

1.30 

3.40 

—.60 

1.30 

3.55 

—.60 

0.45 

-.60 

8.80 

May. 

June. 
0.60 

July. 
0.60 

Aug. 
1.00 

Sept. 
0.10 

Oct. 

—0.60 

5.30 

-  .60 

.60 

.40 

1.50 

.00 

2.60 

+  1.30 

.50 

.30 

1.80 

—.10 

1.65 

1.55 

.50 

.30 

1.05 

—.10 

1.25 

1.05 

.35 

.30 

.00 

—.20 

.85 

.70 

.10 

.30 

.50 

-.20 

.65 

.70 

.10 

.85 

.35 

.20 

.50 

.60 

.00 

1.00 

.40 

-.20 

.50 

.50 

1.30 

10.25 

.25 

-.30 

.40 

.30 

1. 10 

6.85 

.00 

—.30 

.30 

.30 

1.05 

3.55 

.55 

—.30 

.30 

.20 

.70 

2.40 

.20 

—.30 

.15 

.20 

.45 

2.45 

.10 

—.30 

.10 

.10 

.35 

1.00 

.10 

-.80 

.10 

.10 

.30 

1.40 

.45 

—.30 

.10 

.10 

.30 

1.10 

.60 

—.30 

.10 

.00 

.30 

1.00 

.25 

—.30 

.10 

.00 

.30 

.00 

.15 

-.30 

.10 

.00 

.35 

.80 

.10 

—.30 

.00 

.00 

.70 

.55 

.10 

.30 

.00 

.85 

.65 

.40 

—.10 

—.30 

.00 

1.15 

.45 

.40 

+  .50 

-.30 

—.10 

.80 

.30 

.75 

.45 

—.30 

.10 

.00 

.20 

.55 

.20 

—.30 

-.20 

.00 

.20 

.40 

.20 

—.30 

-.20 

.75 

1.80 

.30 

.35 

—.30 

—.20 

.65 

2.05 

.20 

.20 

—.30 

—.20 

.75 

1.45 

.20 

.20 

—.30 

—.20 

.70 

1.15 

.20 

.20 

-.30 

-.20 

.60 

1.85 

.70 

.20 

12.30 

—.20 

.60 

.70 

.10 

Dan  River  at  Clarkwillef  Virginia, 


Day. 

Feb. 

Mar. 

Apr. 

0.47 
10.37 
0.52 
5.77 
3.09 
3.37 
3.32 
2.07 
2.77 
2.62 
2.51 
2.50 
2.45 
2.22 
2.17 
2.12 
2.07 
2.02 
1.07 
1.02 
1.85 
1.00 
1.00 
1.82 
1.00 
2.47 
2.40 
2.00 
1.00 
1.77 

May. 

Jane. 

July. 

1.02 

.02 

.87 

.82 

.87 

1.02 

4.02 

6.02 

0.12 

13.07 

14.07 

8.87 

6.62 

3.22 

2.67 

2.47 

2.30 

2.27 

2.17 

2.03 

1.85 

1.70 

1.70 

1.57 

1.42 

1.35 

1.17 

1.12 

1.07 

1.02 

.07 

Aug. 

Sept 

Oct. 

Nov. 

0.07 
1.02 
1.04 
1.47 
2.62 
6.02 
4.07 
2.47 
2.17 
1.77 
1.67 
1.47 
1.57 
1.52 
1.50 
1.48 
1.48 
1.25 
1.22 
1.10 
1.16 
1.16 
1.15 
1.14 
1.13 
1.12 
l.ll 
1.10 
1.32 
2.02 

Dec. 

1 

2.62 
3.67 
4.42 
3.47 
2.38 
2.26 
2.12 
1.07 
1.82 
1.72 
1.67 
1.62 
1.57 
1.54 
1.47 
1.02 
.07 
1.02 
1.12 
1  62 
2.18 
3.07 
4.37 
3.17 
2.17 
1.50 
2.32 
2.07 
2.32 
1.82 
1.27 

1.22 
1.17 
1.07 
.07 
1.47 
2.12 
1.07 
1.47 
1.47 
1.07 
1.82 
1.72 
1.67 
1.62 
1.62 
1.60 
1.57 
1.47 
1.37 
1.32 
1.47 
1.57 
1.72 
2.47 
3.02 
3.53 
3.67 
2.67 
2.02 
1.52 

0.02 
.87 
.82 
.77 
.75 
.72 
.70 
.67 
.65 
.65 
.87 
1.65 
1.77 
1.02 
1.07 
2.12 
1.47 
.07 
.72 
.67 
.65 
.62 
.62 
.62 
.50 
.67 
.77 
.62 
.57 
.47 
.42 

0.42 

.40 

.52 

1.37 

1.62 

.07 

2.97 

1.82 

1.47 

.07 

.82 

.62 

.57 

.65 

.67 

.57 

.62 

.50 

.67 

.67 

.92 

1.47 

1.75 

.72 

.57 

.52 

.47 

.45 

1.72 

6.47 

7.02 

8.07 

3.47 

1.72 

1.47 

1.32 

1.25 

1.17 

1.07 

1.02 

1.02 

.07 

.05 

.05 

1.02 

.07 

.06 

.02 

.87 

.87 

.85 

.82 

.80 

.02 

.07 

.04 

.02 

.02 

.02 

.01 

.04 

3.53 
4.82 
3.65 
2.55 
2.17 
2.05 
1.07 
1.80 
1.80 
1.72 
1.62 
1.66 
1.51 
1.43 
1.53 
1.72 
2.15 
1.07 
1.72 
1.65 
1.50 
1.62 
1.45 
1.30 
1.36 
1.31 
1.29 
1.27 
1.24 
1.22 
1.22 

2 

3 

4 

5 

0 

7 

8.05 
7.42 
5.75 
5.42 
4.40 
3.42 
2.02 
3.70 
3.47 
3.32 
2  07 
2.40 
2.22 
2.07 
1.02 
1.77 
1.07 
2.10 
2.17 
2.07 
1.06 
1.00 
2.17 

i.'oo" 

1.87 
2.45 
2.68 
2.80 
4.00 
4.52 
3.32 
2.72 
2.40 
2.  TO 
2.80 
2.47 
2.27 
2.27 
3.30 
7.80 

8 

0 

10 

11 

12 

13 

14 

15 

16 

17 

18 

10 

20 

21 

22 

23 

24 

25 

26 

27 

28 

20 

30 

31 

MVB.]        GAGE    HEIGHTS   ON   SOUTH    ATLANTIC   WATERSHED. 
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Staunton  River  at  Clarkaville,  Virginia, 


Day. 


Mar.  I  Apr. 


I 

o 

3 
4 
5 
6 
7 
8 
9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21. 

22. 

23. 

24. 

25. 

26. 

27. 

28. 

29. 

30. 

31. 


8. 
6. 
5. 
4. 
3. 
2. 
2. 
3. 
2. 
2. 
2. 
1. 
1. 
1. 
1. 
1. 
1. 
1. 
1. 
1. 
1. 
1. 
1. 


42 
80 
16 
84 
85 
8G 
37 
16 
94 
78 
41 
86 
6d 
53 
38 
33 
4:i 
56 
64 
54 
43 
46 
54 


1.37 
1.33 
1.92 
2.15 
2.27 
3.56 
3.99 
2.79 
2.19 
1.96 
2.19 
2.27 
1.96 
1.72 
1.73 
2.86 
7.36 


May. 


8.94 
9.84 
8.99 
5.24 
3.46 
2.84 
2.79 
2.44 
2.24 
1.99 
1.98 
1.97 
1.92 
1.00 
1.64 
1.59 
1.54 
1.49 
1.44 
1.39 
1.32 


37 
37 
29 


1.37 


1.94 
1.86 
1.47 
1.37 
1.24 


2.09 

0.60 

3.14 

.64 

3.89 

.54 

2.94 

.44 

1.85 

.04 

1.73 

1.59 

1.59 

1.44 

1.44 

.94 

1.29 

.94 

1.19 

1.44 

1.14 

1.29 

1.09 

1.19 

1.04 

1.14 

1.01 

1.09 

.94 

1.09 

.49 

1.07 

.44 

1.04 

.49 

.94 

.59 

.84 

1.09 

.79 

1.65 

.94 

2.59 

1.04 

3.84 

1.19 

2.64 

1.94 

1.64 

2.49 

.97 

2.04 

1.79 

3.14 

2.44 

1.14 

1.79 

.49 

1.29 

—  .01 

.74 

Juno.  I  July. 


0.49 

.39 

.34 

.20 

.34 

.49 

4.54 

6.84 

10.54 

13.94 

13.44 

8.39 

5.14 

2.74 

2.06 

1.04 

1.86 

1.74 

1.64 

1.44 

1.32 

1.26 

1.27 

1.04 

.89 

.82 

.64 

.59 

.54 

.49 

.44 


Aug. 

S«pt. 

Oct. 

0.39 

-0.11 

7.45 

.34 

-  .11 

8.50 

.29 

—  .01 

2.06 

.24 

\-  .84 

1.20 

.22 

.99 

.94 

.19 

.44 

.79 

.17 

2.47 

.72 

.14 

1.30 

.64 

.12 

.94 

.54 

.12 

.44 

.49 

.34 

.29 

.49 

1.12 

.09 

.44 

1.24 

.04 

.42 

1.39 

.02 

.42 

1.44 

.04 

.49 

1.64 

.04 

.44 

.97 

.09 

.43 

.46 

.00 

.39 

.20 

.04 

.34 

.14 

.16 

.34 

.12 

.40 

.32 

.09 

.90 

.29 

.09 

1.24 

.36 

.09 

.19 

.30 

.06 

.04 

.44 

.14 

-  ,01 

.41 

.24 

—  1.06 

.30 

.09 

-  .08 

.39 

.04 

I  1.20 

.39 

—  .06 

4.99 

.38 

—  .11 

.41 

Nov 


0.44 

.40 

.51 

.94 

2.10 

6.42 

2.37 

1.05 

1.54 

1.24 

1.04 

.94 

1.04 

.99 

.98 

.95 

.94 

.72 

.69 

.66 

.63 

.63 

.62 

.61 

.60 

.59 

.57 

.79 

1.50 


Dw, 


3.01 

4.31 

3.14 

2.03 

1.65 

1.53 

1.45 

1.37 

1.27 

1.19 

1.09 

1.03 

.98 

.92 

1.03 

1.20 

1.63 

1.35 

1.20 

1.13 

1.07 

.90 

.92 

.80 

82 

.78 

.76 

.74 

.71 

.09 

.69 


Roanoke  River  ■  at  Clarksville,  Virginiaj  for  1893. 


Day. 

Jan. 

Feb. 

1 

2 

3.1 
3.9 
2,7 
2,0 
1.6 
1.1 
1,1 
1,0 
1.0 
1.0 
1.0 
1.0 
1.0 
1.0 
1.0 
1.0 
2.5 
3.0 

"i.'s* 

1.6 
4.5 
7.4 
7.8 
0.0 
10.6 
6.5 
4.5 
7.7 
0.0 
7.4 
5.0 
3.0 
2.7 
2.5 
2.2 
2.0 
1.9 
1.8 
2.4 

3 

4 

5 

6 

7 

g 

9 

10 

11 

12 

13 

14 

15 

IS 

17 

18 

19 

20 

21 

a 

23. 

1  24 

»..                 

-  -*  -  - 

i »..;::;:::;.... 

28.. 

29 

'  30 

31 

Mar. 

Aiir. 

2.6 

1.0 

2.3 

l.O 

3.0 

1.0 

3.2 

1.0 

3.3 

1.4 

2.5 

1.3 

2.2 

1.2 

2.0 

1.1 

2.2 

1.0 

2.0 

1.0 

2.0 

1.0 

1.0 

1.0 

1.8 

1.0 

2.0 

1.3 

1.8 

1.3 

1.6 

1.1 

1.5 

l.l 

1.5 

1.0 

1.4 

1.0 

1.4 

1.0 

1.4 

.9 

1.4 

.9 

1.3 

.9 

1.3 

.9 

1.3 

.9 

1.3 

1.0 

1.3 

2.7 

1.2 

2.8 

1.2 

2.3 

1.2 

2.0 

1.2 

May. 

June. 

1.6 

1.4 

1.5 

1.7 

9.0 

1.5 

13.0 

1.5 

12.5 

1.5 

4.5 

1.5 

4.2 

1.6 

2.8 

1.4 

2.5 

1.0 

2.2 

.9 

2.0 

.8 

1.7 

.7 

1.6 

.9 

1.5 

2.2 

1.8 

4.4 

3.0 

3.0 

1.9 

2.1 

1.5 

1.9 

1.3 

1.7 

1.1 

1.2 

1.1 

1.0 

1.1 

1.0 

l.l 

1.6 

1.1 

1.1 

1.0 

.9 

1.0 

.8 

1.0 

.8 

1.9 

.7 

2.8 

1.3 

2.1 

2.6 

1.6 

July. 

Aug. 

Sept. 

2.0 

1.5 

9.0 

1.9 

1.7 

11.3 

2.0 

2.0 

9.0 

1.6 

2.8 

3.8 

1.5 

2.0 

2.8 

1.0 

.8 

1.9 

.7 

.5 

1.5 

.6 

.4 

1.5 

.8 

.2 

1.4 

1.0 

.1 

3.0 

.6 

,1 

6.5 

.5 

.1 

9.0 

.4 

.3 

11.0 

.4 

.3 

13.5 

.4 

.2 

11.1 

.4 

.1 

3.5 

.3 

.0 

2.5 

.5 

.0 

2.1 

.5 

.1 

1.9 

.3 

.0 

1.7 

.8 

—  .1 

1.6 

.5 

—  ..'{ 

1.4 

.4 

.0 

1.4 

.3 

+2.5 

1.3 

.2 

1.0 

1.2 

.1 

.7 

4.0 

.1 

.6 

3.5 

.1 

5.0 

2.6 

0.0 

0.0 

1.8 

—  .1 

11.0 

1.5 

+  .5 

7.6 

Oct. 

Nov. 

2.2 

I 

2.1 

2.8 

2.0 

2.5 

1.9 

7.7 

1.9 

8.0 

1.9 

4.5 

1.8 

2.6 

1.8 

2.2 

2.0 

1.9 

1.9 

1.7 

1.8 

1.6 

1.8 

1.5 

1.7 

6.0 

1.6 

8.8 

1.7 

8.7 

2.0 

4.0 

2.0 

2.8 

1.8 

2.3 

1.6 

2.0 

1.6 

1.8 

1.5 

7.3 

1.7 

9.9 

1.8 

10.1 

1.8 

10.5 

1.6 

5.8 

1.5 

3.8 

1.5 

3.3 

1.6 

3.0 

3.2 

2.7 

3.0 

2.4 

2.2 

2.3 

Dec. 


1.9 
1.8 
2.0 
2.5 
2.4 
2.4 
2.3 
2.3 
2.2 
2.0 
1.0 
1.8 
1.7 
1.6 
1.6 
3.6 
3.5 
2.4 
2.1 
1.9 
1.8 
1.6 
1.6 
1.5 
1.5 
1.5 
1.4 
1.4 
1.4 
2.1 
2.2 


>  Record  kept  by  United  States  Weather  Bureau. 
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RIVER   HEIGHTS   FOR    1896. 


[NO.  11. 


Roanoke  Biver  *  at  Clarkavillef  Virginia,  for  1894. 


Day. 


1 

2 

3 

4 

6 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

26 

27 

28 

20 

30 

31 


1 

Jan. 

Feb. 

Mar. 

1.8 

2.4 

5.4 

1.7 

2.0 

5.8 

1.6 

4.4 

5.4 

1.5 

7.0 

4.0 

1.5 

6.9 

3.2 

1.8 

3.4 

3.0 

3.2 

3.0 

2.8 

3.1 

3.2 

2.6 

2.8 

3.5 

2.4 

2.7 

3.4 

2.3 

3.3 

2.6 

2.2 

3.0 

4.0 

2.1 

2.5 

6.2 

2.0 

2.1 

6.2 

1.9 

2.0 

5.6 

1.8 

1.9 

4.5 

1.8 

1.8 

3.5 

2.0 

1.7 

2.0 

2.1 

1.6 

2.7 

2.1 

1.6 

2.4 

1.0 

1.6 

2.9 

1.9 

1.7 

3.1 

1.9 

1.7 

2.8 

1.8 

1.7 

2.4 

1.9 

1.6 

2.4 

2.0 

1.7 

2.8 

1.9 

1.7 

4.3 

1.7 

1.0 

4.7 

1.6 

4.0 

1.7 

4.1 

1.7 

3.3 

1.6 

Apr. 


1.7 
1.7 
1.7 
l.G 
1.5 
1.5 
1.4 
1.4 
1.4 
2.0 
2.3 
2.0 
1.7 
1.5 
1.5 
1.4 
1.4 
1.4 
1.4 
1.4 
2.0 
1.8 
1.5 
1.4 
1.3 
1.3 
1.2 
1.2 
1.4 
1.3 


1.3 
1.3 
1.3 
2.0 
3.1 
3.4 
2.2 
1.6 
1.4 
1.3 
1.2 
1.3 
1.3 
1.2 
1.1 
l.l 
l.l 
1.3 
2.0 
4.0 
2.4 
1.7 
1.5 
1.5 
1.4 
1.2 
1.1 
1.1 
1.1 
1.1 
1.2 


Juno. 

July. 

1 

Aug. 

! 

1.1 

1.1 

1.3 

1.0 

2.1 

1.5 

.9 

2.0 

1.7 

.8 

1.8 

1.3 

.« 

1.0 

1.2 

.8 

.9 

.7 

.8 

1.2 

.5 

1.0 

1.1 

.3 

1.0 

.6 

.3 

.8 

.4 

.5 

.7 

.4 

.7 

.7 

.3 

1.1 

.6 

.3 

1.0 

.8 

.2 

.8 

.8 

.2 

1.1 

.5 

.2 

.9 

.5 

.2 

.8 

.6 

0.0 

.7 

.7 

-  .2 

.5 

.9 

-  .1 

.4 

.8 

■f  .3 

.3 

.7 

.0 

.2 

.6 

2.0 

.1 

.6 

1.5 

.1 

.6 

.0 

.1 

.5 

.7 

l.G 

.5 

.6 

1.4 

.6 

.5 

.7 

.7 

.5 

.5 

.9 

1.1 

.4 

1.3 

.3 

Day. 

Mar. 
4.0 

Apr. 

1 

1.7 

2 

6.7 

1.8 

3 

9.0 

2.0 

4 

4.4 

1.8 

6 

3.1 

1.5 

6 

2.5 

1.5 

7 

3.2 

3.9 

8 

4.7 

8.7 

0 

3.3 

9.6 

10 

2.5 

4.5 

11 

2.6 

2.9 

12 

2.7 

2.6 

13 

3.1 

2.5 

14 

3.4 

2.3 

15 

3  2 

2.1 

16 

2.9 

2.0 

Roanoke  River  ^  at  Clarksville,  Virginiayfur  1895. 

Day.      Mar. 


May. 

June. 
1.5 

July. 

Aug. 

5.0 

2.5 

0.8 

4.7 

1.4 

3.5 

.7 

3.5 

1.3 

2.7 

.7 

3.0 

1.2 

1.7 

.6 

2.5 

1.4 

1.1 

6 

2.2 

1.7 

.9 

.9 

2.4 

2.0 

.9 

1.0 

2.7 

1.3 

.9 

.9 

2.1 

1.2 

1.0 

.9 

1.9 

1.2 

l.l 

1.4 

1.8 

1.4 

1.2 

1.0 

2.6 

1.6 

1.0 

.8 

2.2 

1.7 

.9 

.9 

1.9 

1.8 

.9 

.8 

1.6 

l.G 

1.1 

.7 

1.5 

1.4 

2.4 

.6 

17 
18 
19 
20 
21 
22 
23 
24 
25 
20 
27 
28 
29 
30 
31 


2.5 
2.2 
2.1 
4.0 
6.9 
4.3 
3.5 
3.1 
2.6 
2.5 
2.3 
2.1 
1.9 
1.7 
1.6 


■" 

■   " 

—  -^ — 

1 

Apr. 

May. 

June. 
1.3 

July. 
1.6 

Auk. 
1.0 

3.0 

2.0 

3.5 

2.7 

1.2 

1.1 

1.4 

2.8 

2.1 

1.1 

.8 

1.3 

2.0 

2.2 

1.1 

.8 

1.0 

1.9 

3.0 

.9 

.9 

1.4 

1.8 

4.2 

.9 

.9 

1.2 

1.7 

3.0 

.9 

1.3 

1.0 

1.6 

2.5 

.9 

1.5 

.7 

1.5 

2.9 

1.0 

3.3 

.6 

1.5 

5.0 

1.2 

4.4 

.6 

7.4 

4.0 

2  0 

2.5 

.7 

6.5 

2.5 

1.8 

1.8 

.6 

7.7 

2.1 

1.6 

1.0 

.6 

7.9 

l.H 

1.2 

.9 

.5 

1.7 

.9 

.5 

^  Kecord  kept  by  United  States  Weather  Bureau. 
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Roanoke  River  >  at  Clarkevilley  Virginia,  for  1S96. 


1 
2 
3 

4 
5 
6 
7 
8 
9 
10 

n 

12 

13 

14 

IS 

16 

17. 

18, 

19 

20. 

21 

22 

23 

34. 

25 

28 

27 

28 

29 

30. 

31 


Day. 


Feb. 


7.4 
7.5 
5.0 


Mar. 

Apr. 

May. 

2.0 

0.0 

3.8 

1.5 

9.1 

3.7 

1.3 

4.5 

a.  3 

1.2 

.X3 

2.5 

1.1 

2.5 

1.8 

1.0 

2.3 

1.5 

1.0 

2.0 

1.3 

M.O 

1.9 

1.2 

1.0 

1.8 

1.1 

1.0 

1.8 

1.0 

1.0 

1.6 

1.0 

1.5 

1.5 

.9 

1.4 

1.4 

.9 

1.3 

1.4 

.8 

1.2 

1.4 

.8 

1.6 

1.4 

.8 

1.7 

1.3 

.8 

2.0 

1.3 

.8 

3.0 

1.3 

.8 

3.0 

1.3 

2.7 

2.7 

1.2 

3.5 

2.0 

1.2 

2.9 

1.8 

1.2 

2.5 

1.9 

1.2 

1.9 

1.9 

2.0 

1.5 

1.9 

1.8 

1.8 

1.8 

1.4 

1.6 

1.8 

1.2 

1.5 

2.5 

1.1 

1.5 

4.0 

4.8 

1.5 

7.8 

1.5 

June. 

Jaly. 

Ang. 

0.7 

1.3 

0.8 

1.0 

.8 

.7 

.9 

.7 

.7 

1.2 

.7 

.6 

2.0 

2.7 

.6 

1.5 

4.3 

.6 

1.4 

5.0 

.5 

1.3 

8.0 

.5 

1.8 

12.5 

.5 

1.5 

13.8 

.4 

1.3 

11.0 

1.4 

1.2 

5.5 

.7 

1.5 

4.0 

.6 

1.3 

2.7 

.5 

1.2 

2.4 

.5 

1.3 

2.2 

2.0 

1.5 

2.5 

1.0 

1.4 

1.8 

.0 

1.2 

1.4 

.7 

1.2 

1.3 

.5 

1.1 

1.2 

.5 

1.8 

1.2 

.5 

1.6 

1.0 

.5 

1.5 

1.0 

.5 

1.9 

1.0 

.5 

XO 

.9 

•  V 

2.6 

.9 

.  4 

2.4 

.8 

.4 

2.1 

.8 

.  4 

1.3 

.8 

.4 

.8 

•   V 

Roanoke  River  at  Neal,  North  Carolina. 


Day. 

JiUy. 

1.... 

2... 
3.... 

4 

5 

6.... 

7.... 

8.... 

9.... 

10.... 

i    11.... 

1    12.... 

13.... 

14.... 
15.... 

16.... 

Aug. 


3.56 
3.90 
4.15 
3.70 
3.40 
3.00 
2.00 
2.80 
2.50 
2.20 
2.10 
2.30 
2.00 
5.20 
5.60 
4.60 


Sept. 


1.65 

i.ao 

1.00 
1.00 
1.24 
1.30 
1.30 
5.05 
8.90 
7.30 
5.00 
3.30 
2.20 
1.80 
1.56 
2.10 


Oct. 


2.80 

a21.80 

2.1.00 

25.10 

24.20 

20.80 

17.00 

13.70 

11.10 

8.90 

7.10 

6.60 

4.50 

4.20 

4.10 

3.80 


2.60 

2.50 

2.40 

2.40 

2.90 

3.10 

17.00 

20.30 

18.50 

14.90 

11.80 

9.70 

8.20 

7.10 

6.30 

6.10 


Deo. 


5.40 

15.85 

19.70 

17.70 

14.80 

12.50 

11.00 

10.30 

0.90 

9.20 

8.40 

7.60 

6.90 

6.30 

6.00 

8.80 


Day. 


17.. 

18.. 

19... 

20.. 

21.. 

22.. 

23.. 

24.. 

26.. 

26.. 

27.. 

28.. 

29.. 

30.. 

31.. 


July. 


7.05 
5.09 
4.08 
4.24 
3.80 


-   —  - 

..    -  -    . 

Aug. 

Sept. 
4.30 

Oct. 

3.50 

3.60 

2.70 

4.64 

3.40 

5.30 

3.50 

3.10 

5.20 

2.50 

2.90 

3.90 

2. 80 

2.70 

2.90 

2.60 

2.50 

2.40 

2.80 

2.40 

2.00 

3.30 

2.50 

2.03 

3.30 

2.60 

2.25 

2.60 

2.60 

2.50 

8.10 

2.70 

2  20 

1.80 

2.70 

2.90 

1.60 

2.80 

2.70 

1.90 

2.72 

2.20 

2.60 

Nov. 


6.20 
5.80 
5.12 
4.70 
4.40 
4.20 
4.00 
3.80 
3.70 
3.60 
3.60 
3.50 
3.50 
3.80 


Dec. 


13.30 

13.30 

11.70 

10  00 

8.80 

7.80 

7.00 

6.40 

5.90 

5.40 

5.00 

4.60 

4.10 

3.00 

4.00 


a  Hiae  began  about  10  a.  m.  and  continued  at  rate  of  about  2  feet  per  hour  for  nomo  time. 

Tar  River  at  Tarhoro,  North  Carolina, 


i^y. 


1. 

2. 
3. 
4. 
5. 
6. 
7.. 
8.. 
9.. 
10.. 

u.. 

12  . 
U.. 
14.. 
15.. 
16.. 


July. 


Aug. 


1.30 
1.00 
.00 
1.20 
1.46 
3.48 
2.87 
1.05 
1.45 
1.00 
.82 
.50 
1.78 
1.92 
1.85 
1.53 


Sept. 


1.00 
.60 
.45 
.80 
.51 
.30 
.35 
.60 
.35 
.23 
.20 
.22 
.12 
.10 
.18 

3.45 


Oct. 

Nov. 

0.89 

.96 

1.20 

1.05 

Doi-.. 

3.87 
4.34 
4.85 
4.90 

Day. 
17 

July. 

Aug. 

1.25 

1.28 

1.00 

.73 

2.82 

3.55 

18 

4.20 

19 

2.95 

20... 

2.18 

1.07 
2.15 

4.50 
4.70 

21.... 

.50 
.65 

1.90 

22... 

1.50 

2.76 
3.72 
3.13 
2.59 

5.00 
6.80 
6.50 
6.72 

23 

.62 

.05 

.70 

1.20 

1.20 

24.... 

1.05 

25.... 

.85 

86... 

3.56 

.90 

2.10 

6.10 

27.... 

3.00 

1.30 

.81 

1.71 

5.33 

28.... 

2.68 

1.40 

1.05 

2.62 

4.64 

29.... 

2.25 

1.60 

1.42 

4.05 

4.07 

30.... 

2.00 

1.48 

1.70 

3.20 

3.08 

31.... 

1.76 

1.10 

2.00 

2.62 

9.75 

Sept. 


4.50 
4.85 
4.20 
4.60 
3.52 
2.10 
5.85 
7.30 
6.40 
4.60 
3.60 
2.85 
2.58 
2.72 


—            — 

— 

Oct. 

Nov. 

Di'O. 

1.98 

2.45 

12.73 

1.50 

1.05 

13. 82 

1.00 

1.63 

14.50 

1.15 

1.61 

13. 50 

.90 

1.50 

12.20 

.SI 

1.42 

10.40 

.00 

1.30 

8.20 

.85 

1.44 

6.44 

1.28 

1.12 

5.40 

1.12 

1.05 

4.75 

1.32 

1.02 

4.20 

1.00 

i.oa 

4.05 

.89 

1.02 

3.80 

.80 

1.45 

3.50 

.58 

3.20 

>Beoord  kept  by  United  States  Weather  Bureau. 
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RIVER   HEIGHTS   FOR   1896. 


[NO.  11. 


Neuae  River  at  Selma,  North  Carolina. 


Day 


1. 

2. 

3. 

4. 

5. 

6. 

7. 

8. 

9. 
10. 
11. 
12. 
13. 
14. 
15. 
10. 


July 


Aug. 


2.00 
2.00 
2.00 
1.00 
1.20 
1.00 
1.00 
1.00 

.90 
5.05 
5.50 
5. 50 
2.25 
1.50 
1.20 

.80 


Sejit. 

(Xt. 

0.30 

5.00 

.30 

7.20 

.35 

2.30 

.40 

.90 

.30 

.50 

.30 

.50 

.30 

.30 

.60 

.20 

.50 

.20 

.30 

.10 

.20 

.20 

.20 

.50 

.01 

.70 

.01 

1.70 

.01 

1.00 

.01 

.60 

Nov. 

Deo. 

0.60 

3.70 

.60 

3.50 

.60 

3.00 

.40 

2.80 

1.20 

2.60 

4.80 

2.50 

4.40 

3.00    1 
4.00    \ 

2.:w 

1.50 

3.80 

1.20 

3.50 

.80 

2.60 

.80 

2.00 

1.30 

2.00 

1.20 

2.00 

.00 

3.00 

.80 

7.30 

Day. 


17. 
18. 
19. 
20. 
21. 
.22. 
23. 
24. 
25. 
26. 
27. 
28. 
20. 
30. 
31. 


July. 


1.19 
1.00 
1.00 


Aug. 


0.90 

.90 

1. 10 

1.00 

1.00 

.50 

.40 

.50 

2.10 

2.00 

1.10 

1.00 

1.00 

.50 

.30 


Sept    Got 


0.06 
.05 
.00 
.00 

1.04 
.04 

5.04 

1.07 
.07 
.07 
.40 
.80 
.10 

1.50 


0.50 
.40 
.40 
.30 
.40 
.60 
.90 
.70 
.50 
.40 
.30 
.30 
.30 
.40 
.40 


Not. 


0.70 
.70 
.60 
.60 
.60 
.50 
.50 
.50 
.50 
.50 
.50 
.50 
.50 
.70 


Dec. 


9.00 
8.60 
5.50 
4.60 
3.50 
3.00 
2.80 
2.00 
1.90 
1.80 
1.50 
1.50 
1.40 
1.30 
1.20 


Cape  Fear  River  at  Fayetteville,  North  Carolina, 


Day. 

Jan. 

Fob. 
6.50 

Mar. 

I 

18.00 

9.00 

2 

18. 90 

6.50 

10.40 

3 

11.40 

7.90 

9.30 

4 

8.00 

27.  70 

7.60 

5 

6.50 

31.00 

6.80 

6 

5.70 

30.00 

6.00 

7 

4.60 

45.40 

5.80 

8 

4.40 

48.00 

5.80 

9 

4.60 

45. 00 

5.40 

10 

4.60 

42.40 

5.40 

11 

4.70 

36.00 

5.50 

12 

4.40 

30.40 

7.80 

13 

4.20 

19.00 

11.00 

14 

4.00 

16.20 

10.00 

15 

4.10 

17.40 

8.60 

16 

4.00 

16.00 

7.20 

17 

5.00 

13.40 

7.50 

18 

9.00 

11.60 

8.00 

19 

6.00 

10.50 

7.80 

20 

1.40 

10.60 

8.50 

21 

15.00 

0.80 

10.50 

22 

22.20 

9.00 

9.60 

23 

20.00 

8.00 

7.80 

24 

15.00 

7.80 

6.80 

25 

15.60 

7.80 

6.50 

26 

11.00 

7.70 

6.60 

27 

26.20 

7.40 

7.00 

28 

22.00 

7.30 

6.30 

29 

20. 40 

7.90 

6.20 

30 

18.10 

5.80 

31 

17.00 

5.30 

Apr. 


7.50 
9.50 
22.50 
19.40 
13.00 
9.80 
8.00 
6.80 
6.W 
5.40 
5.20 
5.50 
5.50 
5.00 
4.90 
5.00 
4.90 
4.70 
4.50 
4.20 
4.00 
3.80 
3.60 
3.50 
4.00 
4.60 
7.00 
5.50 
4.90 
4.10 


May. 


3.70 
5.00 
8.00 
12.80 
10.40 
8.30 
6.00 
4.50 
4.40 
3.90 
3.50 
3.20 
2.80 
2.80 
2.60 
2.50 
2.50 
2.10 
2.40 
2.30 
3.60 
4.10 
8.17 
11.40 
17.40 
12.00 
9.50 
8.00 
7.20 
6.00 
5.00 


June. 


4.00 
3.20 
2.70 
4.00 
19.00 
20.00 
14.00 
10.00 
8.00 
6.20 
6.00 
6.00 
5.00 
7.00 
10.90 
8.50 
5.70 
4.60 
6.00 
5.30 
6.40 
5.00 
4.  .30 
4.50 
0.40 
7.80 
8.60 
6.00 
10.80 
8.90 


July. 


7.00 

5.30 

4.00 

3.50 

3.50 

5.90 

4.40 

15.00 

34.80 

47.50 

49.50 

47.00 

41.00 

30.30 

19.00 

14.40 

9.50 

9.30 

9.00 

8.70 

8.00 

8.30 

7.90 

7.20 

7.60 

7.00 

5.20 

4.30 

3.70 

3.60 

3.40 


Aug. 


3.30 
4.30 
4.00 
.3.30 
3.00 
3.00 
2.80 
2.60 
2.30 
2.00 
2.00 
1.90 
2.70 
4.00 
3.40 
3.70 
3.70 
3.00 
2.60 
2.50 
2.50 
2.10 
2.70 
2.00 
2.40 
4.00 
3.70 
2.70 
2.00 
1.90 
140 


Sept. 


1.30 
1.10 
1.00 
.80 
1.50 
3.00 
8.50 
9.50 
5.50 
4.00 
3.30 
2.50 
2.00 
1.50 
1.40 
1.20 
1.00 
1.50 
1.90 
3.00 
2.50 
1.50 
6.00 
6.80 
5.00 
3.90 
3.20 
2.90 
3.50 
8.00 


Oct. 

Nov. 

31.00 

2.50 

26.80 

2.70 

10.50 

2.70 

12.90 

3.00 

7.80 

4.30 

4.90 

17.00 

4.20 

19.00 

3.60 

14.30 

3.20 

10.40 

3.00 

7.70 

2.70 

6.00 

2.70 

4.80 

2.70 

4.60 

3.00 

4.50 

3.30 

4.50 

3.  20 

4.80 

3.(K> 

4.20 

2.90 

4.00 

2.60 

4.00 

2.40 

3.80 

2.10 

3.60 

2.20 

3.50 

2.30 

3.20 

2.70 

3.10 

4.40 

3.00 

4.10 

3.00 

3.50 

3.00 

3.00 

3.30 

2.80 

3.20 

2.50 

3.50 

2.50 

Dec. 


6.00 

15. 40 

14.00 

12.40 

10.  40 

9.50 

9.60 

13.50 

14.50 

13.60 

11.70 

9.50 

8.20 

7.00 

7.50 

9.40 

14.00 

12.30 

9.00 

9.00 

8.20 

7.00 

0.90 

G.30 

5.40 

4.60 

5.00 

4.90 

4.80 

4.90 

o.OO 


Yadkin  River  at  Nonooody  North  Carolina. 


Day. 
1... 

Sept. 
1.00 

Oct. 

Nov. 

Dec. 

Day. 
12... 

7.40 

1.30 

1.50 

2... 

1.00 

3.40 

1.30     2.70 

13... 

3... 

1.00 

2.30 

1. 30     2. 70 

14... 

4... 

.90 

1.80 

1. 40  1  2.  30 

15... 

6... 

.90 

1.60 

3. 10  i  2.  30 

16... 

6... 

2.50 

1.50 

6. 00  !  2.  20 

17... 

7... 

3.30 

1.40 

3. 40  '  2.  30  1 

18... 

8... 

2.10 

1.40 

2.  50     2. 40 

19... 

9... 

1.65 

1.30 

2.  20  ;  2. 20 

20... 

10... 

1.45 

1.30 

2. 10     2. 10 

21... 

11... 

1.30 

1.20 

1.  90     1. 90 

22... 

Sept. 


1.20 
1.20 
1.20 
1.30 
1.20 
1.30 
1.30 
1.20 
1.20 
1.10 
1.10 


Oct. 


1.20 
1.20 
1.20 
1.30 
1.30 
1.20 
1.20 
1.  20 
1.10 
1.10 
1.10 


Nov. 

1 
Dec.  1 

1 

1.70 

Day. 

Sept. 

Oct. 
1.20 

Nov. 



1.40 

Dec. 
1.80 

1.70 

23... 

1.20 

2.20 

1.30 

24.   . 

1.30 

1.20 

1.40 

1.80 

1.30 

1.60 

25... 

1.20 

1.30 

1.40 

1.70 

I.  00 

1.90 

26... 

1.20 

1.30     1.40 

1.70 

1.70 

2.50 

27... 

1.10 

1.30  ,  1.40 

1.70 

1.60 

3.80 

28  .. 

1.00 

1.30 

1.40 

1.70 

1.50 

2.90 

29... 

1.20 

1.20 

1.50 

1.60 

1.50 

2.  .30 

30... 

1.30 

1.20 

1.70 

1.60 

1  50 

2.10 
2.00 
1.90 

31... 

1.20 

1.70 

1.50 

1.50 

.;.... •■ 1 

1            1 

»*▼■.]        QAGE   HEIGHTS   ON   SOUTH   ATLANTIC    WATERSHED. 


17 


Tadkin  River  at  Salishury,  North  Carolina. 


Day. 


X« • • a  •  I 

2 

a 

4 

5 

6 

7 

a 

V*  •  •  •  •  • 

9 

10 

11 

12 

13 

15 

16 

17 

18 

19 

to 

ii 

22 
23 
21 

25 

26 

27 

28 

2B 

80 

31 


Jan. 


3.60 
3.00 
2.40 
2.20 
1.80 
1.60 
1.60 
1.90 
3.70 
3.60 
8.40 
2.60 
2.10 
1.70 
1.70 
1.70 
1.90 
2.20 
2.10 
2.00 
1.00 
1.80 
2.50 
4.30 
8.70 
3.20 
2.60 
2.40 
8.20 
2.10 
2.00 


Feb. 


2.00 
2.00 
5.70 
6.70 
4.90 
5.30 
7.00 
5.00 
5.00 
4.70 
3.60 
3.00 
2.70 
3.30 
8.10 
2.80 
2.50 
2.30 
2.20 
2.10 
2.00 
1.80 
2.10 
2.20 
2.10 
2.10 
2.10 
2.20 
2.30 


Mar. 

Apr. 

2.50 

2.50 

2.20 

8.00 

2.70 

7.30 

1.80 

4.00 

2.00 

3.10 

2.00 

2.60 

1.90 

2.50 

1.90 

2.40 

1.90 

2.20 

1.90 

2.20 

2.00 

2.20 

2.20 

2.10 

2.40 

2.00 

2.10 

2.00 

2.00 

2.00 

1.80 

2.00 

2.00 

2.00 

2.00 

2.00 

1.90 

2.10 

2.20 

2.00 

2.60 

2.00 

2.20 

2.00 

2.10 

2.00 

2.10 

1.90 

2.. 50 

1.90 

2.40 

2.00 

2.20 

2.00 

2.10 

1.90 

2.00 

1.90 

2.10 

1.90 

2.60 

... 

May. 


Jane. 


1.80 
1.80 
2.10 
2.90 
2.30 
2.20 
2.00 
1.90 
1.90 
1.90 
1.90 
1.90 
1.80 
1.70 
1.70 
1.70 
1.70 
1.70 
1.60 
1.60 
1.50 
1.80 
1.80 
1.80 
1.70 
2.00 
2.00 
1.80 
1.70 
1.70 
1.60 


1.50 
1.50 
1.80 
3.90 
3.70 
2.50 
2.20 
2.00 
2.00 
1.90 
2.20 
1.8U 
1.80 
1.80 
1.70 
1.60 
1.60 
1.80 
1.80 
1.8U 
1.70 
1.70 
1.60 
1.80 
2.10 
2.80 
2.60 
2.20 
2.10 
1.90 


July. 


1.80 
1.60 
1.60 
2.60 
2.70 
2.80 
4.50 
4.90 

12.90 
al5. 00 

10.00 
9.80 
7.90 
4.90 
4.00 
8.70 
2.80 
2.40 
2.40 
2.20 
2.20 
2.30 
2.50 
2.30 
2.20 
2.00 
1.00 
1.90 
2.20 
1.90 
1.90 


Aug. 


2.00 
1.90 
1.90 
1.70 
1.70 
1.60 
1.60 
1.60 
1.50 
2.00 
2.00 
1.90 
1.80 
1.60 
1.60 
2.50 
2.20 
2.90 
2.70 
2.50 
1.90 
1  90 
1.50 
1.50 
1.50 
1.60 
1.60 
1.50 
1.50 
1.50 
1.40 


Sept.  I  Oct. 


1.40 
1.40 
1.40 
1.40 
1.50 
4.50 
2,70 
2.20 
1.90 
1.60 
1.50 
1.50 
2.00 
1.75 
1.60 
1.50 


60 
60 
60 


1.50 
1.50 
1.50 
1.70 
1.60 
1.50 
1.50 
1.46 
1.45 
1.50 
8.60 


a  July  10  rirer  rose  14.90  above  low- water  mark. 


Catawba  Biver  at  liochhill,  South  Carolina. 


8.40 
3.70 
2.20 
2.50 
1.80 
1.70 
1.70 
1.60 
1.60 
1.60 
1.60 
1.62 
1.60 
1.64 
1.70 
1.70 
1.68 
1.65 
1.50 
1.50 
1.50 
1.48 
1.48 
1.60 
1.76 
1.67 
1.65 
1.65 
1.65 
1.65 
1.08 


Nov. 


1.68 
1.70 
1.72 

5.80 
6.78 
3.60 
3.50 
2.60 
2.30 
2.20 
2.10 
2.15 
2.00 
2.00 
2.00 
1.98 
1.95 
1.02 
1.9U 
1.90 
1.90 
1.89 
1.88 
1.88 
1.^8 
1.90 
1.90 
2.70 
6.30 


Dec. 


6.70 
4.10 
8.70 
2.80 
2.50 
2.55 
2.53 
2.52 
2.30 
2.27 
2.26 
2.26 
2.25 
2.23 
2.30 
5.00 
3.55 
3.40 
2.P*i 
90 
70 
33 
2.30 
2.20 
2.13 
2.12 
2.10 
2.00 
2.U0 
2.08 
2.07 


Day. 

Jan. 

Feb. 

i 

Mar. 

Apr. 

May. 

1.70 
1.80 
3.80 
4.30 
2.1H) 
2.50 
2.30 
2.10 
2.00 
2.00 
1  90 
1.80 
1.80 
1.80 
1.70 
1.70 
1.70 
1.70 
1.70 
1.70 
1.60 
1.60 
1.60 
1.60 
2.60 
1.90 
1.80 
1.90 
180 
1.70 
1.60 

j            1 
June.  .July.: 

1           1 

1 

2 

3.30 
2.90 
2.40 
2.20 
2.00 
1.90 
1.80 
1.80 
2.00 
1.90 
1.90 
1.90 
1.80 
1.80 
1.80 
1.80 
2.10 
2.40 
2.20 
2.00 
2.00 
1.90 
2.60 
3.80 
4.50 
3.80 
2.90 
2.00 
2.40 
2.20 
2.20 

2.10  ' 

2.10  , 

3.60  ' 

4.90 

3.50 

6.25 

6.60 

4.90 

5.70 

5.30 

4.00 

3.20 

2.80 

2.90 

2.80 

2.70 

2.60 

2.40 

2.40 

2.30 

2.30 

2.20 

2.10 

2.10 

2.20 

2.10 

2.10 

2.10 

2.30 

2. 30     2. 10 
2. 20     2. 70 

1.50 
1.90 
2.20 
2.50 
3.20 
2.60 
2.10 
1.90 
1.80 

1.70 

1.60 

2.00 

2.60 

2.00 

4.50 

5.20  1 

7.37 

12.  M 

3 

4 

2.10 
2.10 
2.00 
2.00 
2.00 
2.00 
1.90 
1.90 
1.90 
2.10 
2.10 
2.00 
2.00 
1.90 
1.00 
1.90 
1.90 
2.10 
2.00 
2.10 
2.00 
2.00 
2.00 
2.20 
2.10 
2.00 
2.00 
1.90 
2.00 

5.80 
3.50 
2.80 
2.50 
2.30 
2.20 
2.10 
2.10 
2.00 
2.00 
2.00 
1.90 
1.90 
1.90 
1.90 
1.90 
1.80 
1.80 
1.80 
1.80 
1.80 
1.80 
1.80 
1.80 
1.8U 
1.80 
1.70 
1.70 

5 

6 

7 

8 

9 

10 

2.20  lis.  20 

11 

1.80    10.65 

12 

1. 70     7. 90 
1.70     6.30 
1.60     4.40 

13 

14 

15 

1.60 

3.40 

16 

17 

1.60 
1.60 
1.60 
1.80 
2.00 
2.00 
1.90 
2.10 
1.9U 
1.90 
2.10 
2.00 
2.00 

3.10 
2.80 
2.60 
2.40 
2.70 
2.50 
2.50 
2.20 
2.30 
2.20 
2.10 
2.10 
2.40 

1« 

10 

20 

21 

22 

23 

24 

25 

26 

27 

2g 

20 

ao 

31 

2.00 
1.90 

2.40 
1  2.30 
.  2.10 

"'"  1 

2.10 
2.00 
1.00 
2.00 
2.00 
1.80 
1.70 
1.60 
1.60 
1.00 
1.60 
1.60 
1.60 
1.60 
1.60 
1.50 
1.50 


Oct. 


Nov. 



Dec. 

ISB  11- 
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Catawba  Biver  at  Catawbaf  North  Carolina, 


Day. 

July. 

Aug. 

Sept. 

Oct 

Nov. 

Dec. 

Day. 

July,  j  Aug. 

Sept. 

Oct. 

Nov. 

1.92 
1.92 

Dec. 

1 

2.25 
2.25 

1.65 
1.85 

2.45 
2.25 

1.68 
1.65 

5.58 
5.32 

17 

18 

2.98 
2.92 

2.08 
1.88 

1.82 
1.62 

1.48 
1.48 

3.28 
2.95 

2 

3 

2.22 
2.28 

1.48 
1.45 

1.92 
1.65 

1.58 
1.88 

3.32 
2.65 

19 

20..... 

2.78 
2.75 

1.82 
1.68 

1.52 
1.53 

1.48 
1.48 

1.92 
1.92 

2.95 
2.42 

4 

8.05 

5 

2.95 

2.15 

3.32 

1.52 

7.38 

2.65 

21 

2.62 

1.68 

1.52 

1.58 

1.92 

2.22 

6 

4.32 

2.05 

2.32 

1.58 

3.92 

2.32 

22 

2.72 

1.62 

1.55 

1.50 

1.88 

2.06 

7 

3.82 

1.98 

2.82 

1.58 

3.35 

2.32 

23 

2.72 

1.65 

1.52 

1.52 

1.85 

2.U0 

8 

5.75 

1.92 

1.72 

1.55 

2.32 

2.18 

24 

2.62 

1.68 

1.52 

1.58 

1.85 

2.12 

9 

5.00 

1.92 

1.62 

1.52 

2.12 

2.12 

25 

2.52 

1.65 

1.52 

1.58 

1.78 

1.98 

10 

7.72 

1.95 

1.52 

1.52 

1.95 

2.10 

26 

2.48 

1.62 

1.48 

1.52 

1.75 

1.95 

11 

7.48 

2.02 

1.52 

1.52 

1.88 

1.98 

27 

2.42 

1.62 

1.48 

1.52 

1.72 

1.85 

12 

5.95 

1.98 

1.72 

1.55 

1.88 

1.98 

28 

2.92 

1.52 

1.52 

1.52 

1.72 

1.90 

13..... 

5.25 

1.92 

1.95 

1.55 

1.85 

1.98 

29 

2.48 

1.52 

1.55 

1.55 

2.98 

1.00 

U 

4.38 

1.88 

1.68 

1.68 

1.82 

1.95 

30 

2.35 

1.66 

1  4.02 

1.55 

7.42 

1.90 

15 

3.58 

2.02 

1.62 

1.62 

1.92 

3.78 

31 

2.28 

1.85 

j...... 

1.68 

1.90 

16 

3.32 

2.15 

1.62 

1.52 

1.02 

3.68 

Broad  Biver  at  Gaffney,  South  Carolina, 


Day. 

July. 

Aug. 

Sept. 

Oct. 

Nov. 

Dec. 

Day. 

July. 

Ang. 

Sept. 

Oct. 

Nov. 

Dec. 

1 

0.43 

0.10 

0.81 

0.47 

2.63 

17 

0.59 

0.68 

0.30 

0.29 

0.65 

1.45 

a 

.41 
.60 
.67 

.11 
.84 
.46 

.44 

.38 
.30 

.28 
.40 
.40 

1.60 

1.02 

.92 

18 

19 

20 

.53 
.52 
.51 

.49 
.30 
.22 

.35 
.23 
.10 

.23 
.20 
.25 

.59 
.53 
.72 

1.21 
1.09 
1.12 

3 

4 

5 

.38 

.63 

.22 

1.50 

1.50 

21 

.50 

.28 

.10 

.29 

.79 

1.11 

e 

.28 

.49 

.35 

5.82 

1.11 

22 

.50 

.23 

.30 

.27 

.60 

1.05 

7 

.32 
.30 
.18 
.80 

.40 
.41 
.40 
.14 

.31 
.30 
.25 
.30 

2.40 

1.98 

.92 

.68 

1.15 

1.10 

1.30 

.91 

23 

24 

25 

26 

.49 
.50 
.48 
.55 

.20 
.18 
.21 
.24 

.25 
.18 
.14 
.19 

.29 
.28 

.32 
.28 

.65 
.71 
.69 
.66 

.90 

.94 

.91 

1.01 

8 

g 

10 

2.52 

11 

5.88 

.25 

.20 

.22 

.62 

.85 

27 

.53 

.17 

.12 

.31 

.68 

.80 

12 

1.00 

.33 

.82 

.15 

.31 

.83 

28 

1.64 

.18 

.05 

.35 

.60 

.93 

13 

.83 

.22 

.29 

.31 

.75 

.77    1 

29 

-78 

.20 

.19 

.29 

.45 

.95 

14 

.81 

.48 

.20 

.36 

1.04 

.99 

30 

.62 

.10 

1.04 

.31 

1.70 

.92 

16 

.78 

.60 

.23 

.37 

1.84 

1.15 

31 

.48 

.14 

.30 

.89 

16 

.83 

.36 

.20 

.80 

1.75 

2.05 

Broad  Biver  at  AUton,  South  Carolina. 


Day. 

Jnly. 

Aug. 

Sept. 

Oct. 

Nov. 

Dec. 

Day. 

July. 

Aug.  Sept. 

Oct 

Nov. 

Dec. 

1 

2.61 
3.02 
3.03 

1.50 
1.85 
1.93 

8.35 
3.95 
3.45 

2.71 
2.63 
2.20 

8.46 
7.80 
6.65 

17 

18 

19 

4.83 
4.03 
3.87 

2.13 
2.86 
2.52 

1.90 
1.09 
2.05 

2.60 
1.96 
1.95 

3.07 
2.89 
2.73 

6.01 
4.39 
4.06 

i      2 

3 

2.21 

4 

2.17 

2.95 

2.73 

2.52 

2.40 

6.00 

20 

5.00 

2.35 

2.01 

1.75 

2.74 

3.80 

6 

2.87 

2.86 

4.75 

2.21 

9.47 

5.33 

21 

5.42 

3.67 

1.93 

1.90 

2.76 

3.55 

e 

2.64 

2.61 

4.93 

1.90 

13.38 

6.21 

22 

4.06 

2.81 

2.78 

2.02 

2.60 

3.50 

7 

8.20 

2.51 

3.89 

L85 

10.33 

6.84 

23 

3.84 

1.98 

4.63 

2.03 

2.69 

3.45 

8 

13.39 

2.43 

3.21 

2.15 

7.20 

6.77 

24 

3.30 

1.95 

2.68 

2.40 

2.56 

3.40 

9 

16.24 

2.30 

2.52 

2.10 

4.11 

6.35 

25 

3.14 

2.05 

2.51 

2.64 

2.72 

3.25 

10.... 

17.26 

2.03 

2.18 

2.00 

3.56 

5.61 

26.... 

2.90 

2.01 

1.94 

2.49 

2.66 

3.15 

11 

13.59 

1.91 

2.13 

2.05 

2.73 

4.40 

27 

2.87 

2.15 

1.85 

2.07 

2.62 

3.04 

12 

13.39 

2.87 

2.15 

1.81 

3.15 

3.96 

28 

2.79 

2.19 

1.85 

2.25 

2.70 

3.06 

13 

9.92 

2.07 

2.36 

1.72 

6.11 

8.64 

29 

4.77 

2.44 

2.11 

2.20 

2.75 

3.09 

14 

6.56 

2.92 

2.51 

2.02 

4.78 

3.70 

30 

3.40 

2.15 

8.78 

2.10 

4.26 

3.18 

15 

5.05 

2.71 

1.96 

2.20 

3.85 

3.40 

31 

2.90 

1.65 

2.26 

3.07 

16 

4.20 

3.31 

2.15 

2.40 

3.31 

6.30 
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Saluda  Eiver  at  Waterloo,  South  Carolina. 


Day. 

Aug.   Sept. 

Oct. 

Nov. 

Dec. 

Day. 

Aug. 

.Sept. 

Oct. 

Nov. 

Dec. 

1 

2.90 

4.00 
3.50 
3.75 

3.  n 

3,70 

2.60 

4.00 

10.80 

14.50 

14.50 

11.35 

5.60 

5.10 

4.90 

4.70 

4.50 

6.30 

6.20 

4.85 

4.70 

8.30 

(a) 

(a) 

ia) 
5.50 
5.90 
5.15 
5.85 
5.80 
5.20 
4.90 
4.75 
3.90 
4.30 
8.40 
7.80    1 
I 

17 

3.15 
3.15 
3.70 
3.00 
2.20 
4.25 
4.35 
4.00 
3.30 
3.20 

2.80 
3.15 
2.20 
3.  20 
3.15 
3.00 
3.60 
4.10 
3.90 
2.45 
3.80 
3.80 
3.55 
3.70 
4.30 

4.65 
4.55 
4.50 
4.45 
4.45 
3.80 
3.80 
4.30 
4.35 
4.25 
4.30 
4.25 
5.20 
7.55 

5.55 
4.75 
5.15 
4.15 
4.35 
4.65 
4.00 
4.55 
3.85 
3.20 
2.85 
3.80 
4.35 
4.40 
4.35 

2 

3.50 

18 

3 

2.80 

19 

4, 

1  1.90 

20 

5 

1  3.60 

2.40 
3.70 

21 

8 

1  4.15 

22 

7 

3.80 

3.65 
3.65 

I    23 

24 

8 

1  4.00 

9 

3.60 

3.45 
3.10 
3.00 
2.20 
3.45 

'A.ftii 

25 

10 

'  3,30 

26 

AV    ........... 

11 

3.30 

1    27 

2.90 
2.30 
5.40 

12 

3.90 

i    28 

.--... 

13 

3.00 

1    29 

u 

2.30 

1     30 

3.20 

15 

3.65     3.«U) 

1  3i:;;::;::;;. 

2.20    

16 

1 

3.25 

3.30 

1 

1 

1 

alee  on  river;  no  readings  December  2,  3,  and  4. 
Savannah  River  near  Calhoun  Falls,  South  Carolina. 


Day. 

Aug. 

Sept 

2.00 
1.90 
1.85 
1.80 
1.95 
3.85 
3.00 
2.40 
2.40 
2.25 
2.20 
2.30 
2.15 
2.10 
2.06 
2.00 

Oct. 

Nov. 

2.20 
2.15 
2.05 
3.00 
5.65 
7.15 
4.75 
3.00 
2.60 
2.45 
2.30 
2.20 
5.60 
4.10 
3.60 
3.25 

Deo. 

\         Day. 

Aug. 

Sept. 

2.00 
1.95 
1.90 
1.85 
1.80 
1.70 
2.50 
2.40 
2.35 
2.25 
2.00 
1.90 
1.95 
2.00 

Oct 

Nov. 

Deo. 

1 

2.00 
1.95 
1.90 
1.95 
1.90 
1.85 
1.00 
1.75 
1.70 
1.70 
2.00 
2.25 
2.50 
2.40 
2.15 
2.00 

5.60 

5.00 

4.95 

5.15 

5.00 

4.05 

3. 50 

3.75 

3.05    1 

3.20 

2.85 

2.60 

2.45 

2.65 

3.85 

3.20 

17 

2.10 
2.05 
2.05 
2.  GO 
1.90 
1.85 
1.80 
1.75 
1.75 
2.00 
2.46 
2.00 
1.95 
1.90 
1.85 

1.95 
1.90 
1.85 
1.80 
1.80 
1.76 
1.75 
2.15 
2.05 
2.00 
1.95 
1.90 
1.85 
1.95 
2.10 

3.00 
2.90 
2.65 
2.40 
2.25 
2.35 
2.30 
2.30 
2.30 
2.25 
2.25 
2.20 
2.30 
2.95 

3.40 
3.10 
3.00 
2.85 
2.80 
2.75 
2.65 
2.60 
2.55 
2.50 
2.45 
2.40 
2.40 
2.40 
2.35 

2 

18 

3 

19 

4 

S 

2.40 
2.30 
2.15 
2.10 
2.00 
2.05 
2.10 
2.05 
2.00 
1.96 
2.80 
3.10 
2.30 

20 

21 

6 

22 

7 

23 

8 

24 

9 

25 

10 

26 

U 

1    27 

12 

28 

13 

29 

14 

1    30 

15 

31........... 

16 !.... 

Oconee  Birer '  at  Dublin,  Georgia,  for  1894, 

Day. 

Jan. 

Feb. 

2.8 

2.5 

2.3 

2.3 

2.5 

2.7 

2.9 

2.7 

2.3 

2.2 

2.2 

4.0 

6.6 

7.8 

9.7 

11.3 

12.3 

13.7 

14.9 

14.3 

12.7 

10.3 

8.4 

7.8 

8.0 

9.6 

10.2 

10.8 

Mar. 

Apr. 

May. 

June. 

July. 

Aug. 

Sept 

Oct. 

Nov. 

Dec. 

1 

3.6 
3.6 
8.0 
2.6 
1.9 
1.8 
2.0 
2.0 
2.6 
3.8 
4.4 
5.0 
6.0 
6.6 
6.9 
6.5 
4.9 
5.0 
4.9 
4.3 
3.5 
3.0 
3.2 
3.8 
3.7 
3.5 
4.0 
3.9 
3.4 
3.0 
2.9 

11.2 
11.8 
12.4 
12.8 
13.0 
12.7 
11.0 
8.0 
6.5 
6.0 
5.5 
5.5 
7.5 
8.6 
8.9 
8.6 
6.9 
6.4 
6.4 
6.3 
5.9 
5.0 
4.4 
4.4 
5.1 
6.2 
6.9 
6.0 
5.3 
4.5 
4.0 

3.8 
3.5 
3.4 
3.4 
3.5 
3.8 
3.8 
8.7 
3.1 
2.9 
3.0 
4.0 
4.8 
4.1 
3.3 
2.9 
2.6 
2.5 
2.5 
2.8 
4.5 
5.0 
4.9 
4.0 
3.0 
2.5 
2.3 
2.0 
1.9 
1.9 

1.9 

1.8 

1.8 

1.5 

1.4 

1.3 

1.1 

1.0 

.9 

.9 

.9 

1.5 

1.1 

.9 

.9 

1.5 

2.9 

2.5 

2.0 

1.6 

1.9 

2.0 

1.5 

1.2 

1.0 

1.0 

.9 

.6 

.5 

.5 

.4 

0.2 
.1 
.0 
.1 
.1 
.2 
.2 
.3 
.4 
.4 
.4 
.5 
.6 
.7 
.7 
.7 
.7 
.6 
.3 
.4 
.2 
.1 
.4 
.8 
.4 
1.0 
2.9 
1.5 
.9 
1.5 

1.4 

.6 

.6 

1.0 

.8 

.5 

1.1 

.9 

.3 

1.4 

4.9 

4.8 

8.3 

1.8 

.9 

.8 

.7 

.4 

1.1 

.3 

3.7 

5.0 

4.4 

3.8 

4.4 

4.6 

3.8 

3.4 

4.4 

3.4 

3.0 

5.0 
6.8 
7.5 
6.5 
5.0 
8.0 
9.4 
10.0 
11.0 
13.2 
14.9 
13.6 
7.8 
4.0 
3.8 
2.0 
1.4 
1.4 
4.9 
6.0 
6.1 
3.3 
2.9 
2.3 
2.1 
2.8 
4,4 
4.2 
4.8 
4.2 
5.0 

4.9 
3.9 
2.9 
1.4 
1.0 
1.3 
1.4 
1.1 
1.8 
1.8 
1.4 
1.4 
1.3 
1.0 
.9 
.8 
,6 
.9 
2.2 
4.5 
6.1 
6.6 
4.7 
2.1 
1.4 
1.0 
1.0 
1.0 
1.0 
1.0 

1.0 
.8 
.6 
.4 

.2 

.1 

.2 

.2 

1.1 

6.5 

8.6 

9.8 

12.5 

14.8 

13.8 

8.4 

3.4 

2.6 

2.0 

1.8 

1.6 

1.4 

1.1 

1.0 

1.0 

1.0 

1.0 

.9 

.9 

.8 

.8 

2.0 
2.4 
3.0 
6.1 
7.6 
6.0 
3.6 
2.7 
2.0 
1.7 
1.5 
1.4 
1.3 
1.3 
1.4 
1.6 
1.8 
1.8 
1.6 
1.6 
1.4 
1,5 
1.6 
1.5 
1.7 
1.7 
1.8 
1.7 
1.4 

1.3 
1.2 
1.1 
1.0 
2.0 
2.4 
2.4 
2.1 
1.9 
1.7 
2.2 
3.4 
6.0 
8.1 
9.5 
11.4 
12.9 
13.0 
10.5 
5.4 
3.8 
3.2 
2.9 
2.5 
2.3 
2.2 
2.7 
3.9 
5.0 
5.3 
4.3 

1    2 

3 

4 

S 

6 

7 

8 

9 

10 

,  11 

12 

18 

,  U 

15...:::::;::... 

16 

17 

1  18 

1  19 

20 .::::::::::,. 

21 

22 

23 

24 

25 

26 

,   27 

» 

29 

30 

81 
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RIVER   HEIGHTS   FOR   1896. 


[NO.  IL 


Oconee  Biver '  at  Dublin,  Georgia,  for  1895, 


Day. 

Jan. 

Feb. 

Mar. 

Apr. 

May. 

June. 

July. 

Aug. 

Sept. 

Oct. 

1 

8.4 

3.2 

3.2 

3.5 

3.8 

3.7 

3.4 

3.0 

8.0 

7.7 

10.4 

11.9 

15.5 

18.0 

17.9 

16.0 

15.5 

13.4 

10.1 

7.4 

6.1 

5.4 

5.0 

4.0 

4.7 

7.8 

10.5 

10.7 

11.8 

13.2 

14.0 

14.2 

14.5 

14.8 

14.2 

13.4 

12.1 

11.3 

10.0 

0.2 

8.7 

7.8 

7.1 

7.8 

7.0 

7.9 

7.3 

7.4 

7.5 

7.7 

8.1 

8.5 

8.3 

8.0 

7.7 

7.4 

6.8 

6.1 

5.7 

5.4 

5.2 

5.0 

6.8 

7.8 

8.3 

8.5 

8.6 

9.9 

10.9 

12.0 

13.1 

13.1 

13.1 

15.4 

17.9 

20.2 

22.0 

23.4 

22.9 

21.6 

19.6 

17.2 

15.5 

14.0 

12.6 

10.9 

9.0 

7.5 

6.8 

5.6 

5.2 

5.0 
5.2 
5.8 
5.7 
6.2 
4.6 
5.8 
8.4 
9.2 
10.3 
10.1 
10.2 
8.8 
6.0 
4.8 
4.8 
6.1 
7.4 
8.5 
9.8 
10.4 
9.7 
7.4 
5.5 
5.0 
5.0 
6.6 
7.8 
8.8 

9.6 
10.3 
10.5 
8.7 
6.6 
5.6 
5.2 
5.2 
4.9 
4.7 
6.4 
6.1 
6.0 
5.4 
4.4 
3.8 
3.4 
3.1 
3.3 
3.2 
3.5 
3.7 
4.7 
4.7 
4.8 
5.6 
6.7 
7.8 
8.4 
0.2 
0.0 

6.8 
4.4 
3.6 
3.0 
2.8 
2.6 
2.4 
2.4 
3.0 
2.3 
2.1 
2.0 
1.0 
1.0 
2.3 
3.0 
2.6 
3.8 
5.7 
4.8 
2.0 
2.2 
1.0 
1.9 
1.8 
1.7 
1.6 
].6 
2.5 
2.0 

2.5 
5.0 
6.5 
6.0 
6.4 
5.0 
3.8 
4.3 
7.4 
8.7 
9.5 
'  10.5 
11.4 
11.5 
7.6 
4.0 
3.2 
2.7 
2.4 
2.9 
2.5 
2.2 
2.0 
J. 8 
1.7 
1.5 
1.4 
1.3 
1.2 
1.2 
1.0 

0.9 
.7 
.6 
.8 
6.5 
6.6 
4.0 
2.7 
3.5 
3.8 
2.9 
2.3 
2.0 
2.1 
3.3 
5  3 
6.1 
7.0 
7.5 
8.2 
9.5 
11.0 
12.0 
11.7 
0.7 
5.5 
3.3 
3.3 
3.0 
8.0 
2.4 

2.3 

2.9 

2.5 

2.4 

5.7 

6.5 

7.0 

7.3 

8.3 

9.2 

7.5 

4.3 

4.8 

4.3 

3.2 

2.4 

2.2 

1.8 

1.8 

1.5 

1.4 

1.2 

1.0 

.9 

.8 

.6 

.5 

.4 

.3 

.8 

0  3     i 

2 

3 

3 

.1 
.  1 

4 

5 

6 

:o  : 

7 

0 

8 

1  1 

9 

] 

10 

.  D 

.4 
.3 

11 

12 

13 

14 

3    1 

15 

f» 

16 

.6    ' 

17 

.5 
.4 
.4 
.3 
.3 
.3 
.1 
.1 
.1 
.0 
.0 
.0 
.0 
.1 
.1 

18 

10 

20 

21 

22 

23 

24 

25 

26 

27 

28 

29 

30 

31 

Oconee  Biver  ^  at  Dublin,  Georgia,  for  1896, 

[IJo  record  was  kept  at  this  station  from  May  to  October,  1806.  Capt.  J.  D.  Roberts,  in  charge  of  the 
steamers  Henry  and  Gipsy,  states  that  from  the  15th  of  September  to  tne  15th  of  October,  1806,  occurred 
the  lowest  wster  in  six  years,  the  gage  at  Dublin  goinf;  down  to  —1.20  and  remaining  at  about  that 
level  for  nearly  thirty  days.    Thi.s  information  is  valuable  and  authentic] 


Jan.    Feb. 


4.1 

6.0 

5.0 

4.5 

4.7 

4.4 

3.6 

6.5 

2.8 

6.4 

2.2 

8.4 

1.0 

11.0 

1.0 

11.6 

2.7 

14.8 

4.0 

17.0 

4.0 

16.8 

3.5 

16.5 

3.0 

15.9 

2.5 

15.0 

2.3 

13.4 

2.U 

3.5 

6.7 

7.5 

8.0 

8.0 

6.4 

5.0 

6.9 

8.3 

8.9 

10.0 

11.4 

12.3 

12.0 

10.9 


11.2 
9.6 
8.7 
6.7 
5.8 
5.2 
4.8 
4.6 
4.2 
4.1 
4.0 
4.0 
3.9 
5.0 


Mar. 

Apr.  1  Oct. 

Nov. 

6.6 

3.0 

0.5 

6.8 

3.8 

.1 

6.4 

5.5 

.4 

5.4 

5.8 

1.1 

5.0 

5.0 

5.4 

4.0 

4.4 

7.7 

3.8 

3.5 

10.3 

4.6 

3.0 

10.5 

6.4 

2.8 

0.2 

6.2 

2.7 

7.5 

5.8 

2.6 

3.4 

6.7 

2.4 

2.5 

7.3 

2.3 

2.5 

7.6 

2.2 

•••••■ 

il.6 

7.0 

2.1 

3.7 

5.8 

2.0 

3.0 

5.2 

1.9 

i.i 

3.5 

4.8 

1.8 

1.1 

2.5 

4.6 

1.7 

1.1 

1.7 

4.4 

1.7 

1.2 

1.5 

4.7 

1.6 

1.2 

1.3 

4.6 

1.4 

1.2 

1.1 

4.3 

1.2 

1.2 

1.0 

4.1 

1.0 

1.2 

.0 

3.9 

.9 

1.1 

.8 

4.5 

.0 

.6 

.6 

4.4 

1.1 

.2 

.5 

4.2 

1.1 

.1 

.6 

3.9 

1.5 

.2 

.6 

3.7 

1.8 

.4 

.6 

3.3 

.6 

3.2 
6.7 
0.5 
10.7 
11.4 
12.8 
13.1 
12.4 
10.1 
7.8 
6.5 
5.6 
4.5 
4.1 
4.1 
4.0 
8.0 
8.0 
0.7 
8.1 
5.3 
4.1 
3.7 
3.2 
3.0 
2.8 
2.5 
2.3 
2.3 
2.2 
2.2 
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Oconee  River  at  Gary,  Georgia, 


Day. 

Nov. 

2.10 
1.90 
1.70 
2.10 
2.70 
2.30 
2.20 
L80 

Dec. 

1 
Day. 

Nov. 

Dec. 

Day. 

Nov. 

Deo. 

1 
Day. 

]N'ov. 

Dec. 

1 

5.10 
4.80 
4.40 
4.20 
3.70 
3.40 
3.20 
3.00 

9... 
10... 
11... 
12... 
13... 
14... 
15... 
16... 

1.80 
1.80 
1.80 
1.90 
L80 
1.90 
1.90 
2.00 

2.90 
2.70 
2.60 
2.50 
2.40 
2.30 
4.00 
2.80 

17... 

1 
2.40 
2.20 
2.40 
2.30 
2.20 
2.20 
2.10 
2.00 

1 

25... 
26... 
27... 
28... 
29... 
30... 
31... 

1.90 
1.90 
1.80 
1.90 
2.90 
3.90 

2.00 
2.10 
2.00 
1.90 
2.10 
2.00 
2.00 

2.... 
3.... 
4.... 

5.... 
6... 

7 . 

8.... 

18... 

19... 

20... 

21... 

22... 

23... 

24... 

1 

Oomulgee  River  ^  at  Maoon,  Georgia,  for  1893, 


Day. 

Jan.  '  Feb.  I  Mar. 

1           1 

Apr. 

May.  'June. 

July. 

Aug. 

Sept. 

Oct. 

Nov. 

Dec. 

1 

1 
...... 

5.30 
4.80 
3.90 
3.10 
2.80 
3.40 

12.70 

10.00 

7.80 

12.70 

12.20 

9.50 

7.10 

6.50 

4.70 

8.90 

7.80 

5.80 

5.00 

4.10 

3.50 

2.40 
2.30 
2.20 
2.10 
2.10 
2.30 
2.50 
2.20 
2.00 
1.80 
1.70 
1.70 
1.60 
1.60 
1.60 

1.60 

1.40 

1.80 

6.70 

3.40 

3.10 

7.20 

4.90 

4  90 

3.40 

2.90 

2.20 

1.80 

1.60 

1.30 

1.20 

1.50 

1.20 

1.20 

1.00 

.80 

.70 

.60 

.70 

.60 

.60 

.70 

.40 

.20 

6.10 

5.60 

2.60 
2.40 
5.40 
6.80 
6.70 
5.10 
5.50 
9.70 
7.00 
3.40 
2.50 
2.20 
2.00 
3.00 
3.00 
3.00 
2.00 
1.80 
3.00 
2.60 
2.30 
2.40 
2.20 
2.20 
2.20 
1.00 
1.00 
1.00 
1.10 
1.00 

1.00 
1.10 
1.10 
1.80 
1.00 
1.00 
1.00 
1.00 
1.80 
1.20 
1.20 
1.20 
1.10 
1.10 
1. 10 
.00 
.00 
1.00 
1.40 
1.60 
1.70 
5.40 
2.40 
2.20 
2.00 
1.80 
1.80 
2.00 
1.40 
1.30 
1.20 

1.40 
1.80 
2.20 
1.80 
2.00 
6.20 
13.40 
0.50 
5.00 
3.20 
2.00 
1.80 
1.70 
1.70 
4.20 
4.00 
2.O0 
1.90 
1.70 
1.60 
1.60 
1.40 
1.80 
1.80 
1.20 
1.20 
1.10 
1.20 
1.40 
1.40 
2.00 

9.30 
8.70 
5  50 
3.00 
2.80 
2.40 
2.40 
2.30 
3.00 
4.00 
4.10 
5.40 
9.40 
10.90 
6.80 
4.00 
3.59 
2.00 
2.00 
1.60 
1.60 
1.50 
1.50 
1.50 
1.40 
1.40 
1.60 
1.50 
1.40 
1.40 

1.30 
1.30 
1.50 
8.00 
5.00 
3.50 
8.00 
2.80 
2.70 
2.60 
2.60 
2.50 
2  50 
2.80 
2.70 
2.50 
2.50 
2.50 
2.40 
2.20 
2.10 
2.10 
2.00 
2.00 
2.00 
2.00 
2.00 
1.80 
1.70 
1.70 
1.70 

1.70 
1.60 
1.60 
1.60 
1.60 
1.60 
1.50 
1.50 
1.50 
1.50 
1.50 
1.50 
1.50 
1.50 
1.50 
1.50 
1.50 
1.50 
1  50 
1.50 
2.00 
2.80 
3.00 
2.h0 
2.60 
2.40 
2.30 
2.10 
2.00 
2.00 

I* 

1 

2.50 
3.00 
2.80 
2.70 
2.50 
3.20 
2.00 
1.80 
1.70 
1  60 
1.50 
1.50 
1.50 
1.50 
1.50 
l.b) 
3.00 
2.80 
3.50 
3.20 
3.10 
3.00 
2.80 
2.60 
2.40 
3.20 
2.00 
1.90 
1.80 
2.50 
3.40 

2 

••....' 

3 

i 


i     4 

5 

1     6 

!     7 

2.30 
1.80 
1.60 
1.30 

8 

9 

10 

11 

2.80 

12 



4.60 
14.60 

13.:::::::::;:..:::::: 

14 

15 

■*'::: 

13.00 
11.20 
11.00 

16 

...... 

2.  60  ;  1. 70 
3.00  ;  1.60 
2.40  I  1.40 

17 

18 

13.40 

12.00 

11.30 

10.60 

6.80 

4.80 

3.30 

5.40 

4.00 

3.60 

3.50 

11.90 

W 

20 

2.20 
2.10 

1.20 
2.50 

21 

22 

23 

24 

2.70 

1  2.80 

2.80 

1  2.60 

4.60 

5.00 

4.70 

:  5.30 

5.80 

6.30 

6.60 

2.' 90 

9.00 
7.40 
4.:M) 
2.00 

25 

28 

3.  70  '  2. 20 
5. 30     1. 80 
4.00  ,  1.80 
3.10  i  1.70 

27 

,  28 

29 

3Q 

31 

2.80 
2.60 
2.50 

1.60 
1.60 

1 

>  Record  from  United  States  Weather  Bureau. 


22 


RIVER   HEIGHTS   FOR   1896. 


[no.  11. 


Ocmulgee  River  ^  at  Macon,  Georgia^  far  1894. 


Day. 

Jan. 

Feb. 

Mar. 

Apr. 

May. 

Jane.  July. 

Aug. 

Sept 

Oct 

Nov. 

Deo. 

1 

3.20 
3.00 
2.80 
2.60 
2.30 
2.00 
1.80 
1.60 
3.70 
3.30 
4.50 
6.00 
0.80 
5.50 
3.20 
3.80 
4.20 
3.30 
3.00 
2.80 
3.00 
3.20 
3.00 
3.60 
3.20 
3.30 
3.20 
3.00 
2.80 
2.70 
2.50 

2.30 
2.00 
2.00 
3.00 
2.80 
2.60 
2.40 
2.30 
2.20 
2.10 
3.00 
7.20 
10.00 
11.00 
13.70 
0.80 
7.50 
6.20 
5.70 
5.20 
4.90 
5.10 
5.20 
5.60 
6.00 
8.90 
10.40 
9.50 



10.40 
9.10 
8.60 
8.00 
4.90 
4.20 
3.90 
3.80 
3.70 
3.50 
3.20 
7.10 
7.90 
6.00 
4.00 
3.50 
4.00 
6.00 
5.00 
4.60 
4.30 
4.00 
3.80 
3.50 
3.20 
6.00 
5.60 
4.00 
3.50 
3.20 
3.00 

3.00 
3.00 
2.50 
2.50 
3.00 
2.80 
2.80 
2.50 
2.50 
2.50 
5.60 
5.20 
5.00 
4.60 
4.00 
3.80 
3.50 
3.00 
2.80 
6.50 
6.00 
5.80 
5.50 
4.00 
3.70 
3.50 
3.20 
2.00 
2.00 
2.00 

1.80 
1.70 
1.50 
1.50 
1.50 
1.50 
1.50 
1.50 
1.50 
1.30 
1.30 
1.30 
1.20 
1.50 
3.00 
2.60 
2.00 
1.70 
2.50 
2.30 
2.00 
1.70 
1.50 
1.30 
1.30 
1.30 
1.30 
1.30 
1.30 
1  30 
1.20 

1.20 

1.80 

7.00     3.40 
6.00  ,3.20 
5.80     3.00 
4.  80     2. 80 
0.  00      2.  80 

.90 

.90 

.90 

.80 

.80 

.80 

.80 

.90 

11.00 

15.10 

8.00 

6.00 

4.50 

4.30 

4.10 

3.90 

3.60 

3.40 

3.20 

3.10 

3.00 

2.80 

2.60 

2.40 

2.30 

2.10 

2.00 

1.80 

1.70 

1.60 

4.00 

5.00 
5.60 
7.00 
6.50 
6.00 
5.00 
4.00 
3.00 
2.80 
2.40 
2.30 
2.10 
2.00 
2.00 
1.90 
1.80 
1.70 
1.70 
1.50 
1.50 
1.50 
1.50 
1.50 
1.40 
1.30 
1.80 
1.20 
1.20 
1.10 
1.00 

1.00 

2 

1.20 

1.20 

1.20 

1.20 

1.10 

1.10 

1.00 

1.00 

1.00 

.90 

.90 

.90 

1.60 
1.40 
1.30 
1.20 
2.50 
3.00 
2.80 
2.60 
3.00 
4.00 
3.80 
3.40 

1.00 

3 

.90 

4 

1.00 

5 

1.50 

e 

14.20 

3.00 

1.50    1 

7 

8 

12.20 
9.60 

4.00 
6.00 

1.40    1 
1.30 

9 

10 

6.90  1  5.50 
5. 40  ,  5.  00 
4.00     4.80 
4. 00     4. 60 

i.ao 

2.00 
4.00 
9.80 
13.20 
10.30 
a  40 
7.20 
8.00 
2.50 
2.40 
2.20 
2.10 
2.00 

11 

12 

13 

3.80 
3.60 
3.40 
3.10 
3.00 
3.00 
4.00 
3.00 
4.50 
4.00 
3.80 
3.60 
5.00 
4.80 
4.60 
4.20 
4.00 
3.80 
3.60 

5.00 
5.80 
4.60 
4.30 
4.20 
5.00 
5.30 
11.30 
5.50 
3.00 
2.80 
2.60 
2.70 
2.30 
2.20 
2.10 
1.00 
1.00 

14 

1.00 
.90 

3.20 
3.  00 

15 

16 

.90 

.90 

1.00 

.90 

.90 

.80 

2.00 

2.50 

2.60 

3.00 

2.50 

2.0.1 

1.80 

2.80 
3.00 
3.00 
7.60 
6.80 
7.90 
4.00 
8.00 
3.00 
2.60 
2.30 
3.00 
4.00 

17 

18 

19 

20 

21 

22 

23 

24 

2.00    ' 
1.90 

25 

26 

1  80 
1.70 
3.00 
4.00 
8.90 
3.70 
3.50 

27 

28 

29 

1.60     3.70 

2. 00     4. 00 

7.20 

30 

31 

Ocmulgee  River  ^  at  Macon,  Georgia,  for  1895. 


Day. 

Jan. 

Feb. 

Mar. 

Apr. 

May. 

Jane. 

3.80 
3.70 
3.60 
3.50 
3.50 
3.40 
3.30 
3.20 
3.20 
3.00 
3.00 
2.90 
2.90 
3.00 
4.00 
4.00 
4.50 
4.30 
4.00 
3.90 
3.80 
3.70 
4.00 
8.90 
3.80 
3.70 
3.50 
3.40 
3.20 

July. 

Aug. 

Sept. 

Oct. 

Nov. 

Dec. 

1 

3.50 
3.40 
3.20 
3.00 
3.00 
2.80 
2.70 
2.60 
3.00 
15.00 
14.50 
11.50 
7.00 
6.00 
5.00 
3.00 
2.90 
2.70 
2.60 
2.50 
2.20 
2.10 
2.00 
2.00 
2.00 
12.50 
8.00 
7.00 
11.00 
11.00 
7.00 

6.00 
6.00 
6.80 
5.30 
5.10 
4.00 
4.00 

3.00 
4.00 
10.80 
10.00 
6.00 
4.00 
5.70 

4.60 
4.50 
4.30 
4.20 
4.00 
4.00 
:i.fi0 

6.00 
6.50 
4.00 
3.80 
3.70 
3.60 
3.60 
3.60 
3.60 
5.00 
5.00 
5.50 
5.30 
5.00 
4.80 
4.60 
4.20 
5.00 
4.20 
4.00 
3.80 
4.00 
4.50 
5.00 
5.00 
7.00 
12.50 
7.00 
5.00 
4.  00 
3.90 

10.90 
10.00 
7.80 
11.80 
10.  (»0 
9.50 
9.00 
i:(.  40 
10.00 
7.00 
5.00 
4.00 
3.90 
3.70 
3.50 
3.40 
3.30 
3.20 
3.30 
3.60 
3.50 
3.40 
8.80 
3.30 
3.20 
3.10 
3.00 
3.00 
2.90 
2.90 
2.90 

2.80 
2.80 
2.80 
4.<'0 
6.00 
5.80 
5.60 
5.40 
.5.30 
5.00 
4.90 
4.70 
4.50 
4.60 
7.00 
9.70 
12.20 
13.00 
12.00 
9.00 
6.00 
10.00 
9.00 
6.00 
4.50 
4.00 
4.00 
5.00 
4.00 
4.00 
4.50 

4.40 
4.20 
4.00 
5.00 
4.80 
4.60 
4.30 
4.20 
4.00 
3.90 
5.00 
4.80 
4.60 
4.30 
4.10 
4.00 
3.90 
3.70 
3.60 
3.50 
3.50 
3.50 
3.40 
3.40 
3.30 
3.20 
3.20 
3.20 
3.10 
3.00 

a2.00 

1.80 

1.60 

1.40 

1.40 

1.20 

1.00 

1.00 

1.00 

.80 

.60 

.70 

.65 

.40 

.30 

.20 

.20 

.17 

.20 

.18 

.25 

.22 

.21 

.21 

.17 

.19 

.18 

.18 

.17 

.22 

.50 

0.50 
.77 
.85 
.67 
.55 
.45 
.36 
.47 
.55 
.63 
.65 
.60 
.77 
.94 
.72 
.66 
.57 
.55 
.50 
.50 
.50 
.50 
.50 
.50 
.49 
.49 
.47 
.43 
.55 
.54 

0.50 

2 

3 

.50 
.65 

4 

5 

0 

.62    ; 

.54 

.51 

.44 

.40 

.46 

.45 
2.50 
2.2J» 
1.51 
1.11 
1.01 
1.72 

.58 

.64 

.61 

.59 
2.02 
3.10 
2.68 
1.70 
1.48 
1.01 
1.00 
1.20 
1.30 

l.:i5 

4.46 

7 

8 

3.00 

10.90   11.20 

9 

10 

3.70 
3.60 
3.50 
3.50 
4.00 
4.20 
4.70 

8.50 
6.00 
4.00 
4.00 
6.00 
14.50 
15.80 

11.00 
8.00 
7.00 
6.50 
6.00 
5.80 
5.30 
5.00 
4.80 

12.50 

11 

12:::::::::::::: 

13 

14 

15 

16 

17 

4.50  il0.40 
4.20   18.40 
4.10  ,10.80 

18 

19 

4.00    12.00    10.00 

20 

21 

22 

3. 90     9. 00 
3.60   11.00 
3. 50     9. 00 

8.00 
7.00 
6.00 
6.50 
6.00 
4.80 
4.70 
8.10 

23 

3  50 
3.40 
8.30 
3.20 
8.20 
3.10 

8.00 
7.00 
6.00 
5.80 
5.50 

24 

25 

26 

27 

28 

5.40 

10.90 

29 

30 

31 

5.30   10.00 
5.00  ,  7.00 
4.80    

1  Becord  from  United  States  Weather  Bureau, 
a  From  October  1  to  23,  estimated  by  B.  M.  Hall. 
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Oemulgtfe  Biver  at  Macon,  Georgia,  for  1896, 


Day. 


1 

2 

8 

4 

5 

6 

7 

o*  •  •  «  ■  • 

10 

u 

u 

13 

14 

t.) ..... . 

16 

17 

18 

19 

» 

21 

22 

23 

24 

25 

26 

27 

28 

29 

» 

31 


Jan. 

Feb. 

Mar. 

4.81 

3.00 

a2.50 

3.50 

2.00 

2.20 

2.20 

3.20 

2.10 

1.70 

3.00 

2.00 

1.42 

2.90 

2.00 

1.08 

13.50 

1.90 

.96 

10.70 

4.00 

1.72 

7.50 

6.00 

2.83 

13.10 

5.00 

2.77 

11.30 

4.00 

2.10 

8.70 

5.00 

1.60 

7.00 

7.20 

1.50 

6.80 

6.50 

1.20 

6.50 

6.20 

2.00 

5.00 

6.00 

2.50 

4.80 

6.00 

7.20 

4.20 

5.50 

5.00 

8.40 

5.30 

4.50 

3.20 

5.00 

4.00 

3.00 

4.90 

8.00 

2.90 

4.70 

3.70 

2.70 

4.50 

9.40 

2.60 

4.20 

13.80 

2.60 

5.00 

12.00 

2.48 

6.00 

0.30 

2.40 

4.80 

7.00 

2.30 

4.70 

5.80 

3.30 

4.60 

5.30 

2.80 

4.40 

4.80 

4.20 

3.20 

4.10 

▲pr. 


3.10 

3.00 

4.60 

3.40 

2.00 

1.80 

1.60 

1.10 

1.10 

1.40 

1.80 

1.10 

1.20 

1.20 

1.13 

1.12 

1.09 

1.05 

.98 

.94 

.86 

.76 

.71 

.63 

.63 

1.02 

2.90 

2.32 

1.36 

1.02 


May. 


0.89 

.75 

.63 

.90 

2.12 

2.73 

1.97 

1.62 

.86 

.61 

.38 

.30 

.19 

.11 

.09 

.07 

.05 

.03 

—.05 

—.10 

—.10 

—.15 

-.06 

.56 

.50 

.78 

.52 

.84 

.17 

.12 

.12 


June. 

July. 

0.08 

—0.90 

-.11 

—1.00 

.56 

+  .10 

.85 

.15 

1.92 

2.00 

1.52 

4.00 

.96 

5.30 

.73 

11.00 

.25 

20.00 

.01 

10.40 

—.05 

15.00 

—.10 

10.20 

-.17 

8.20 

.20 

7.10 

.32 

7.00 

.20 

6.20 

.25 

16.  OU 

.25 

18.20 

.30 

13.00 

.40 

7.05 

.47 

3.80 

.66 

8.20 

.70 

3.00 

.50 

2.90 

.30 

2.86 

—.20 

2.70 

—.35 

2.40 

—.66 

2.10 

—.75 

1.92 

—.86 

1.66 

1.41 

Aug. 


Sept. 


1.02 

1.60 

1.82 

2.22 

2.62 

3.00 

3.06 

2.78 

2.41 

1.88 

1.48 

.40 

.20 

.13 

.25 

1.08 

.50 

.60 

.38 

.20 

.11 

.08 

-.06 

-.05' 

.00  I 

—.03  I 

-.04  1 

—.07  I 

—.07 

—.09 

-sl2 


0.11 

.12 

.11 

.28 

.19 

.19 

.19 

.12 

.08 

.04 

.01 

—.01 

—.81 

—.46 

—.80 

—.68 

—.78 

—.80 

-.82 

—.91 

-.90 

—.82 

—.41 

-.48 

—.61 

—.72 

—.78 

—.83 

—.91 

—.80 


Oct. 

Nov. 

—0.82 

-0.14 

—  .86 

—  .08 

—  .88 

—  .02 

-  .81 

10.  OU 

—  .75 

14.20 

—  .79 

14.40 

-  .78 

8.80 

—  .82 

5.40 

—  .82 

8.22 

—  .82 

2.25 

.73 

1.60 

—  .62 

1.18 

—  .75 

10.00 

—  .73 

8.10 

—  .85 

5.32 

—  .77 

1.63 

—  .80 

1.14 

—  .83 

.97 

—  .86 

.85 

—  .88 

.63 

—  .89 

.70 

-  .90 

.62 

—  .73 

.58 

—  .40 

.58 

-  .52 

.51 

—  .25 

.51 

—  .08 

.50 

—  .20 

.47 

.32 

.44 

—  .23 

.82 

—  .18 

Dec. 


9.50 

11.08 

12.60 

10.20 

&00 

6.15 

4.52 

3.62 

3.00 

2.42 

1.98 

1.68 

1.26 

1.12 

11.70 

6.U0 

4.62 

3.94 

2.86 

2.38 

2.00 

1.90 

1.78 

1.38 

1.18 

1.11 

.96 

.90 

.78 
.70 


a  Gage  heights  from  March  1  to  April  14  supplied  from  Weather  Bureau  records. 
Chaiiaihoochee  River  at  Oakdale,  Georgia,  for  1895, 


Day. 
1.. 

Oct. 

Kov. 

Dec. 

Day. 

'    Oct. 

Nov. 

Dec. 

Day. 

Oct. 

Nov. 

Deo. 

0.75 

1.70 

1.00 

.60 

.50 

.55 

.45 

.40 

.60 

.80 

1.00 

0.50 
.60 
.55 
.60 
.60 
.50 
.46 
.40 
.40 
.60 

1.30 

12...i 

1.85 
1.00 
.75 
.60 
.60 
.55 
.60 
.50 
.65 
.50 
.50 

1.10 
1.00 
.66 
.60 
.65 
.55 
.50 
.40 
.50 
.65 
1.00 

23... 
24... 
25... 
26... 
27... 
28... 
29... 
30... 
31... 

0.20 
.30 
.25 
.20 
.25 
.25 
.30 
.50 
.50 

0.50 
.50 
.60 
.55 
.65 
.70 
.76 
.45 

2.00 

1.20 

1.00 

.55 

.80 

.75 

.70 

2.00 

2.05 

2.. 
2.. 

13...' 

14... 

15... 

16... 
1  17... 
!   18... 

19... 

20... 

21... 

22... 



"6'.40" 
.40 
.35 
.30 
.26 
.30 
.20 
.26 

4.. 

5.. 

7.. 

S., 

•.. 

10.. 

u 
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RIVER   HEIGHTS   FOR   1896. 


[iio.ll. 


Chattahoookee  Biver  at  OakdaUf  Georgia,  for  1896, 


Day. 


1.. 
2.. 
8.. 
4.. 

5.. 

6.. 

7.. 

8.. 

0.. 
10.. 
11.. 
12.. 
13.. 
14.. 
15.. 
16.. 
17.. 
18.. 
10.. 
20.. 
21.. 
22.. 
23.. 
24.. 
25.. 
26.. 
27.. 
28.. 
29.. 
30.. 
31.. 


Jan. 

Feb. 

Mar. 

Apr. 

May. 

Jane. 

July. 

Ang. 

Sept. 

Oct. 

Nov. 

Dee. 

8.20 

1.70 

1.40 

1.40 

0.75 

0.25 

0.35 

0.45 

—0.40 

0.20 

0.50 

0.66 

2.00 

1.55 

1.35 

1.70 

.75 

1.40 

.40 

.50 

—  .60 

.10 

.50 

1.20 

1.00 

1.75 

1.40 

2.75 

.75 

1.45 

—  .45 

1.40 

—  .60 

.05 

.65 

1.70 

1.20 

2.10 

1.45 

1.85 

.70 

2.10 

■+-  .15 

1.70 

—  .60 

-  .20 

1.13 

3.20 

1.10 

2.20 

1.40 

1.35 

.65 

1.60 

.20 

.75 

—  .60 

—  .30 

1.60 

2.30 

1.00 

2.80 

1.35 

1.30 

8.15 

1.15 

—  .15 

.40 

-  .60 

—  .35 

1.35 

1.30 

.80 

3.70 

1.95 

1.10 

1.70 

.60 

+  2.00 

.20 

—  .60 

—  .40 

1.20 

M5 

.95 

4.80 

1.75 

1.15 

1.20 

.40 

12.25 

.15 

—  .55 

—  .50 

1.10 

1.00 

1.20 

5.80 

1.55 

1.05 

.90 

.70 

17.70 

.15 

—  .55 

—  .50 

1.00 

1.00 

1.25 

6.55 

1.50 

1.05 

.75 

.70 

18.45 

.10 

—  .50 

—  .50 

1.05 

1.00 

1.00 

4.30 

1.75 

1.05 

.65 

.65 

4.75 

.05 

—  .50 

—  .60 

1.05 

.90 

.85 

3.30 

1.85 

1.00 

.60 

.50 

3.25 

.05 

—  .55 

—  .60 

1.60 

.70 

.80 

2.80 

1.55 

1.00 

.60 

.30 

3.10 

.30 

—  .60 

-  .55 

3.80 

.60 

.75 

2.05 

1.35 

.90 

.50 

.20 

2.90 

.25 

—  .60 

—  .55 

4.60 

.65 

.70 

4.10 

1.20 

.90 

.40 

—  .05 

1.95 

.05 

—  .60 

—  .55 

2.60 

.70 

.85 

2.90 

1.15 

.90 

.30 

+  .05 

3.00 

.10 

—  .65 

—  .55 

1.50 

.65 

2.40 

2.65 

1.10 

.85 

.30 

—  .05 

4.40 

.10 

-  .65 

—  .55 

1.00 

.65 

2.35 

2.20 

1.35 

.85 

.25 

+  .10 

2.70 

.10 

-  .65 

—  .55 

.80 

.65 

2.10 

2.10 

1.70 

.85 

.25 

.15 

1.75 

—  .10 

—  .65 

—  .55 

.60 

.65 

1.50 

1.80 

1.65 

.85 

.20 

.55 

1.90 

-  .26 

—  .65 

—  .55 

.50 

.66 

1.25 

1.60 

1.45 

.75 

.15 

1.60 

1.6fi 

—  .30 

-  .50 

—  .55 

.40 

.60 

1.80 

1.46 

1.35 

.7.5 

.20 

.45 

1.90 

—  .80 

—  .15 

—  .50 

.40 

.56 

6.30 

1.55 

1.40 

.65 

.20 

.50 

2.45 

—  .30 

+  .40 

—  .23 

.30 

.50 

9.80 

1.60 

1.45 

.70 

1.10 

.30 

2.40 

—  .80 

.60 

—  .05 

.25 

.50 

9.96 

1.50 

1.40 

.65 

1.55 

.20 

1.50 

+1.00 

—  .10 

+-  .05 

.20 

.45 

5.10 

1.40 

1.35 

.65 

.65 

—  .10 

1.30 

—  .10 

—  .40 

.10 

.20 

.45 

3.55 

1.35 

1.25 

1.40 

.85 

+  .45 

.90 

-  .30 

—  .40 

.15 

.20 

.40 

2.65 

1.30 

1.20 

1.70 

.65 

—  .10 

.80 

—  .30 

+  .20 

.25 

.20 

.36 

2.30 

1.55 

1.16 

1.15 

.95 

—  .20 

.80 

-  .30 

.45 

.00 

.20 

.35 

2.10 

1.20 

.85 

.40 

—  .25 

.80 

—  .35 

.30 

.65 

.20 

.30 

L80 

1.20 

.35 

.50 

—  .40 

.50 

.25 

Chattahoookee  River  at  Weetpoint,  Georgia,  for  1896. 


Day. 

Aug. 

Sept. 

Oct. 

Nov. 

Deo. 

Day. 

A^e- 

Sept. 

Oct. 

Nov. 

Deo. 

1 : 

2.70 
8.90 
4.50 
6.00 
5.50 
5.00 
3.65 
3.20 
2.75 
2.60 
2.20 
2.00 
1.85 
1.70 
1.60 
1.60 

1.30 

1.20 

I.IO 

1.05 

1.00 

1.00 

1.00 

1.05 

1.10 

1.05 

.95 

.86 

.85 

.90 

.90 

.86 

4.10 
4.00 
3.00 
2.60 
2.40 
2.00 
1.90 
1.50 
1.30 
1.25 
1.25 
1.20 
1.15 
1.15 
1.15 
1.15 

1.70 
2.00 
3.25 
8.00 
9.20 
7.60 
5.50 
4.30 
8.45 
2.80 
2.00 
2.15 
6.80 
5.00 
4.50 
8.30 

4.20 
4.00 
3.75 
3.60 
3.40 
3.20 
3.10 
3.10 
3.05 
8.00 
2.00 
2.80 
2.65 
2.50 
3.00 
3.10 

17 

1.60 
1.65 
1.50 
1.45 
1.40 
1.40 
1.30 
1.20 
3.00 
2.00 
1.80 
1.75 
1.60 
1.50 
1.40 

0.H5 

.80 

.80 

.80 

.80 

3.30 

3.00 

2.50 

2.00 

1.70 

1.60 

1.40 

3.60 

4.20 

1.10 
1.10 
1.10 
1.10 
1.15 
1.10 
1.50 
1.75 
1.75 
1.70 
1.65 
1.60 
1.50 
1.50 
1.45 

3.00 
2.60 
2.55 
2.40 
2.25 

3.00 
3.00 
2.90 
2.80 
2.70 

2 

18 

3 

19 

4 

20 

21 

5 

6 

22 

2.  25     2. 60 

7 

23 

24 

2.20 
2.20 
2.00 
1.90 
1.80 
2.00 
4.00 
4.30 

2.40 
2.20 
2.16 
2.10 
2.10 
2.05 
2.00 
1.96 
1.90 

8 

9 

25 

10 

26 

11 

27 

12 

28 

18 

29 

14 

30 

16 

81 

16 

Mm]       QAQE   HEIGHTS   ON   GULF   OF   MEXICO   WATERSHED. 
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Etowah  River  ^  at  Canton,  Georgia,  for  1S9S, 


Day. 

1 

Mar. 

• 

Apr. 

May. 

June. 

July. 

Aug. 

Sept 

1 
Oct 

Nov. 

0.20 
.20 
.20 
.20 
.20 
.10 
.10 
.10 
.10 
.10 
.10 
.10 
.10 
.10 
.10 
.10 
1.00 
.60 
.40 
2.1H) 
1.50 
1. 00 
.60 
.40 
.40 
.40 
.40 
.40 
.40 
.40 
.40 

1 

1.00 
1.00 
1.00 
1.00 
1.00 
9.00 
17.80 
11.80 
4.00 
3.00 
2.00 
2.00 
2.20 
2.20 
2.20 
2.20 
2.10 
1.80 
1.70 
5.40 
2.30 
1.90 
2.20 
2.00 
2.00 
1.50 
1.40 
1.10 
1.00 
1.00 

1.00 

1.00 

1.00 

1.00 

1.00 

1.00 

1.00 

1.00 

1.00 

1.00 

1.50 

1.10 

1.00 

.90 

.80 

.80 

.90 

1.20 

1.80 

1.00 

.90 

.90 

1.00 

.90 

.90 

.80 

.80 

.80 

.80 

.80 

.80 

0.80 

.80 

2.00 

3.80 

1.00 

1.50 

.80 

.80 

.00 

.60 

.60 

.60 

.60 

.50 

.40 

.40 

.40 

.40 

.60 

1.80 

1.40 

1.00 

1.00 

.80 

.70 

1.70 

1.00 

2.00 

1.00 

1.00 

1.00 

..80 

.70 

.70 

2.00 

2.00 

1.50 

1.00 

.80 

2.40 

5.20 

5.60 

3.00 

1.80 

1.80 

1.00 

.80 

.60 

.50 

.60 

.50 

.70 

.70 

.60 

.60 

.60 

.50 

.40 

.40 

.30 

.30 

0.80 
.30 
.80 
.30 
.30 
.30 
.30 
.20 
.20 
.20 
.20 
.20 
.20 
.20 
.20 
.10 
.20 
.80 
.60 
.60 
.60 
.70 
.90 

1.50 

1.50 
1      1.00 

1.00 
.80 
.80 
.60 
.60 

0.80 
.60 
.40 
.30 
.20 
.10 
.10 
.10 
.10 
.10 
.10 
.10 
.20 

1.00 
.80 
.60 
.50 
.40 
.30 
.20 
.20 
.20 
.20 
.20 
.10 
.10 
.10 
.10 
.10 
.10 

0.10 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 

:!S 

.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.10 
.10 
.10 
.10 
.10 

0.10 

.10 

.10 

.10 

.10 

.10 

.10 

.20 

1.00 

3.00 

1.00 

.50 

.40 

.30 

2.00 

1.00 

.50 

2.00 

1.00 

.80 

.60 

.40 

.40 

.30 

.20 

.20 

.20 

.30 

.20 

.20 

2 

3 

4 

5 

8 

7./. 

8 

0 

10 

u 

12 

1.10 

1.00 

.90 

.90 

.90 

.80 

1.40 

.90 

.90 

.90 

.80 

.80 

1.20 

1.40 

«.00 

5.00 

2.40 

1.80 

1.40 

1.40 

13 

14 

15 

16 

17 

18 

19....:::... 

so 

21 

22 

23 

24 

25 

26 

27 

28 

29 

90 

31 

Etowah  River  >  at  Canion,  Georgia,  for  1S93, 


Day. 

Jan. 

Feb. 

Mar. 

Apr. 

May. 

June. 

July. 

Aug. 
0.10 

Sept. 

Oct. 

Nov. 

Dec. 

I 

0.30 

0.60 

2.00 

0.80 

0.30 

0.60 

0.60 

1.00 

0.00 

—0.20 

0.10 

2 

1.00 

.50 

1.00 

.70 

.30 

2.00 

1.00 

.50 

.80 

.00 

—  .20 

.10 

3 

.00 
.50 
.40 

.40 
.40 
.40 

1.00 
1.00 
1.00 

.70 
.70 
.70 

.90 

1.20 

.90 

5.60 
2.00 
1.00 

.60 
.50 
.50 

.30 
.20 
.80 

.60 
.40 
.20 

.00 

.00 

—.10 

—  .20 

—  .20 

—  .20 

.10 
.40 
.40 

4 

5 

6 

.30 

.30 

1.00 

.70 

.90 

3.00 

.40 

.60 

.00 

—.10 

—  .20 

.20 

7 

.30 

.30 

1.00 

.70 

2.00 

3.80 

.40 

.40 

.00 

—.10 

—  .20 

.20 

8 

.80 

.30 

1.00 

.60 

1.00 

2.00 

.40 

.30 

.00 

-.10 

—  .20 

.20 

9 

.80 

.30 

4.80 

.60 

2.00 

1.00 

.40 

.30 

.10 

—.10 

—  .20 

.20 

10 

.30 

.20 

2.00 

.60 

1.00 

.60 

.40 

.30 

1.00 

—.20 

—  .20 

.20 

11 

.30 

2.00 

1.30 

.50 

.90 

.60 

.40 

.80 

3.00 

—.20 

—  .20 

.20 

12 

.30 

2.20 

1.50 

.50 

.80 

.60 

.30 

.30 

4.00 

-.20 

.20 

.20 

13 

.40 
.40 

4.20 
3.00 

1.30 
1.00 

.50 

.50 

.70 
.70 

.60 
.50 

.30 
.30 

.30 
.30 

3.80 
1.50 

—.20 
—.20 

—  .20 

—  .20 

.10 
.00 

14 

15 

.40 

3.00 

1.00 

.40 

.60 

.50 

.30 

.80 

1.00 

—.20 

—  .20 

.00 

]« 

.30 

12.00 

1.00 

.40 

1.00 

.50 

.30 

.30 

.50 

-.20 

-  .20 

.20 

17 

.30 

5.00 

.80 

.40 

.90 

.50 

.30 

.30 

.30 

—.20 

-  .20 

.20 

18 

.30 

3.00 

80 

.40 

.80 

.40 

.30 

.20 

.10 

-.20 

—  .20 

.20 

19 

.50 

2.00 

.70 

.40 

.80 

.40 

.30 

.10 

.10 

—.20 

-  .20 

.20 

20 

.50 

1.50 

.70 

.40 

.70 

3.00 

.30 

.10 

.10 

—.20 

—  .20 

.20 

21: 

.40 

1.40 

.60 

.40 

.60 

1.00 

.30 

.10 

.00 

-.20 

—  .20 

.10 

22 

.40 

1.30 

.50 

.40 

.50 

.80 

1.00 

.10 

.00 

—.20 

—  .20 

.10 

23 

.40 

1.00 

.40 

.30 

.50 

2.60 

.80 

.00 

.00 

-.20 

.00 

.10 

24 

.40 

1.00 

.80 

.30 

.40 

1.00 

.60 

.00 

.00 

—.20 

.00 

.10 

2S 

.40 

1.00 

1.40 

.30 

.40 

.80 

.50 

.00 

.00 

—.20 

.00 

.10 

26 . 

.40 

.80 

1.00 

.30 

.40 

.80 

.40 

—.10 

.00 

-.20 

.00 

.10 

27 V 

.40 
.60 

.80 
8.00 

1.00 
.80 

.30 
.30 

.40 
.40 

.70 
.60 

.30 
.20 

—.10 
-.10 

,00 
-.10 

—.20 
—.20 

.00 
.00 

.10 
.10 

31 ""'  .. 

2i 

1.60 

.80 

.80 

.90 

.60 

.10 

—.10 

-.10 

—.20 

-f  .20 

.10 

30 . 

1.40 

.80 

.30 

1.60 

.50 

.10 

—.10 

—.10 

—.20 

.20 

.20 

31..       

1.00 

.80 

1.00 

.10 

—.20 

.20 

_r i 

*  From  United  Stat«a  Weather  Bureau  records. 


26 


RIVER   HEIGHTS   FOR   1896. 


[NO.U. 


Etowah  River  >  at  Canton,  Oeorgia,  for  IS94, 


M»r. 

Apr. 

May. 

Jone. 

July. 

Aug. 

0.80 

0.70 

0.60 

0.50 

0.60 

0.60 

.80 

.70 

.60 

.50 

.60 

.50 

.80 

.70 

.60 

.50 

.60 

.50 

.80 

.70 

.60 

.50 

.60 

1.50 

.80 

.80 

.60 

.50 

.60 

.50 

.80 

.80 

.60 

.50 

.60 

.50 

80 

.80 

.60 

.50 

.60 

.50 

.80 

.80 

.60 

.40 

.60 

.50 

.70 

.80 

.60 

.40 

.60 

.50 

.60 

.80 

.60 

.30 

.60 

.60 

.50 

1.80 

.60 

.20 

.60 

.50 

.50 

.80 

.60 

.20 

.60 

.50 

.40 

.80 

.60 

.20 

.60 

.50 

.40 

.80 

.60 

.20 

.50 

.50 

.40 

.70 

.80 

.20 

.50 

.50 

.40 

.60 

.80 

.20 

.50 

.50 

.40 

.50 

.80 

.20 

.50 

.40 

.40 

.50 

.80 

.90 

1.00 

.40 

.40 

.50 

.80 

.80 

1.00 

.40 

.40 

.80 

.60 

.60 

1.00 

.40 

2.00 

.80 

.60 

.60 

.50 

.40 

1.80 

.80 

.60 

.60 

3.00 

.40 

.80 

.60 

.60 

.60 

1.00 

.40 

.80 

.60 

.60 

.60 

.50 

.40 

.80 

.60 

.60 

.60 

.50 

1.00 

.80 

.60 

.60 

.60 

.60 

2.40 

.80 

.60 

.60 

.60 

.50 

1.00 

.80 

.60 

.60 

.60 

.50 

.5) 

.80 

.60 

.50 

.80 

.50 

.50 

.80 

.60 

.50 

.60 

.60 

.50 

.80 



.50 

.50 

Sept. 

Oct. 

Not. 

0.50 

0.60 

0.50 

.50 

.60 

.50 

.50 

.60 

.50 

.50 

.60 

.50 

.50 

.60 

.50 

.50 

.60 

.50 

.50 

.60 

.50 

.50 

.60 

.50 

.50 

.60 

.50 

.50 

.60 

.50 

.50 

.60 

.50 

.50 

.60 

.40 

.50 

.60 

.40 

.50 

.60 

.40 

.50 

.60 

.50 

.50 

.60 

.50 

.50 

.60 

.50 

5.20 

.60 

.50 

1.20 

.60 

.50 

1.00 

.60 

.50 

.60 

.60 

.50 

.60 

.60 

.50 

.60 

.60 

.50 

.60 

.60 

.5.) 

.60 

.50 

.50 

.50 

.50 

.50 

.50 

.50 

.50 

.60 

.SO 

.50 

.60 

.50 

.50 

.60 

.50 
.60 

.50 

Deo. 


0.50 

.50 

.50 

.50 

.50 

.50 

.50 

.50 

.50 

1.00 

2.00 

7.50 

2.UU 

1.00 

.60 

.00 

.60 

.(» 

.00 

.60 

.60 

.60 

.60 

.60 

.60 

.00 

1.80 

1.80 

.80 

.80 

.80 


Etowah  Biver  ^  at  Canton,  Georgia,  for  1895, 


Day. 

Jan. 

Feb. 

Mar. 

1 
Apr. 

May. 

Jane. 

July. 

Aug. 

Sept. 

Oct 

Nov. 

Dec. 

1 

0.80 

1.00 

1.00 

1.00 

1.40 

1.00 

2.00 

0.60 

0.80 

0.40 

0.10 

0.30 

2 

.80 

1.00 

1.00 

1.00 

1.60 

1.00 

1.00 

.60 

.80 

.40 

.10 

.30 

3 

.80 

1.00 

2.00 

1.00 

1.00 

.80 

1. 00 

.60 

.80 

.40 

.10 

.30 

4 

.80 

1.00 

2.00 

1.00 

1.00 

.80 

1.00 

.60 

.80 

.40 

.10 

.30 

5 

.80 

1.00 

2.00 

1.00 

1.00 

.80 

1.00 

.50 

.80 

.40 

.10 

.30 

6 

.80 

1.00 

1.00 

1.00 

1.00 

2.00 

.80 

.50 

.80 

.30 

.00 

.80 

7 

.80 

1.00 

1.00 

1.50 

1.00 

1.00 

1.00 

.50 

.80 

.30 

.00 

.30 

8 

.80 

1.00 

1.00 

4.50 

1.00 

1.00 

2.50 

2.00 

.80 

.30 

.00 

.30 

9 

7.60 

1.00 

1.00 

2.00 

1.00 

1.00 

2.00 

.80 

.80 

.30 

.00 

.40 

10 

15.50 

1.00 

1.00 

1.60 

1.00 

1.00 

1.00 

.80 

.80 

.30 

.00 

.50 

11 

9.80 

1.00 

1.00 

1.40 

1.00 

.80 

1.00 

.80 

.80 

.30 

.00 

.50 

12 

3.00 

1.00 

1.00 

1.40 

1.00 

1.00 

.80 

.80 

.80 

.30 

.60 

.50 

18 

1.50 

1.00 

2.00 

1.20 

.80 

1.00 

.80 

.80 

.80 

.30 

.60 

.50 

14 

1.00 

1.00 

3.50 

1.20 

.80 

1.00 

.80 

2.00 

.80 

.30 

.50 

.50 

15 

1.00 

1.00 

4.00 

1.20 

.80 

.80 

.80 

1.00 

.80 

.30 

.50 

.50 

16 

1.20 

1.00 

6.00 

1.20 

.80 

.80 

.80 

3.60 

.80 

.30 

.50 

.50 

17 

1.80 

1.00 

3.00 

6.00 

.80 

1.00 

.70 

10.50 

.80 

.30 

.50 

.50 

18 

1.00 

1.00 

2.00 

3.00 

.80 

.80 

.90 

2.50 

.80 

.30 

.50 

.50 

19 

1.00 

1.00 

1.60 

1.50 

.80 

.80 

.60 

1.50 

.80 

.20 

.50 

.50 

20 

1.00 

1.00 

2.40 

1.50 

.70 

.80 

.60 

1.00 

.80 

.20 

.40 

.50 

21 

2.00 

1.00 

5.60 

1.40 

.70 

.80 

.60 

1.00 

.70 

.20 

.40 

l.W 

22 

2.00 

1.00 

2.80 

1.40 

.70 

.80 

.60 

1.00 

.70 

.20 

.40 

1.00 

23 

1.00 

1.00 

2.00 

1.40 

1.00 

.80 

.00 

1.00 

.60 

.20 

.40 

.60 

24 

1.00 

1.00 

2.00 

1.30 

1. 00 

.80 

.60 

1.00 

.60 

.20 

.40 

.60 

25 

1.00 

1.00 

2.00 

1.20 

2.80 

.80 

1.00 

1.00 

.60 

.10 

.40 

.60 

26 

2.00 

1.00 

1.80 

1.20 

2.80 

.80 

.80 

.80 

.80 

.10 

.40 

.60 

27 

1.00 

1.00 

1.40 

1.60 

3.00 

.70 

.80 

.80 

.60 

.10 

.40 

.60 

28 

1.00 

1.00 

1.00 

1.00 

2.00 

.70 

.60 

.80 

.60 

.10 

.40 

.00 

29 

2.00 

1.00 

1.40 

2.00 

.70 

.60 

.80 

.60 

.10 

.40 

.00 

30 

1.00 

1.00 

1.40 

1.60 

2.00 

.60 

.80 

.50 

.10 

.40 

.00 

31 

1. 00 

1.00 

LOO 

.60 

.80 

.10 

...... 

.60 

iFrom  United  Statea  Weather  Bureau  recorda. 
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Etowah  Eiver  Qt  Cantan,  Georgia,  for  1896. 


Bay. 

• 

Jan. 

Feb. 

Mar. 

Sept. 

Oct. 

0.00 

—  .20 

—  .30 

—  .30 

—  .40 

—  .40 

—  .60 

—  .50 

—  .50 

—  .30 

—  .30 

—  .40 
-.20 

—  .30 

—  .40 

—  .40 

—  .40 

—  .40 

—  .40 

—  .50 

—  .60 

—  .50 

—  .50 
.00 

—  .10 

—  .10 

—  .10 
+  1.12 

1.10 

1.00 

.00 

Not. 

Dec 

1 

0.60 

.60 

.60 

.60 

.60 

.60 

.60 

.70 

.70 

.70 

.70 

.70 

.70 

.70 

.70 

.70 

1.00 

.80 

.80 

.80 

.80 

1.00 

3.80 

5.80 

3.00 

2.00 

2.00 

2.U0 

1.80 

1.80 

1.80 

1.80 

1.80 

1.80 

1.80 

1.80 

2.00 

3.00 

3.00 

3.50 

2.00 

1.80 

1.80 

1.80 

1.00 

1.00 

1.00 

1.00 

1.00 

1.00 

1.00 

1.00 

.80 

.80 

.80 

.80 

.60 

.60 

.60 

.60 

0.60 
.50 
.50 
.60 
.50 
.50 
.80 
.80 
.80 
.80 
.80 
.80 
.80 
.80 
.70 
.80 
.80 
.70 
1.00 
1.00 
1.00 
.80 
.80 
.80 
.60 
.60 
.60 
.60 
.60 
.60 
al.OO  ' 
1 

*116.'65 

—  .60 

—  .80 

—  .65 

—  .70 

—  .75 

—  .60 

—  .55 

—  .65 

—  .75 

—  .75 

—  .75 

—  .75 
-.60 

—  .10 

—  .30 

—  .40 

—  .60 

—  .60 

—  .60 

—  .60 

—  .70 

0.00 

—  .10 

—  .10 
.00 

+2.80 
.80 
.60 
.60 
.40 
.40 
.40 
.90 
8.60 
1.00 
.70 
.70 
.40 
.20 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
1.00 
1.40 

LOO 
LOO 
.60 
.30 
.30 
.20 
.10 
.10 
.10 
.10 
.10 
.00 
.00 
.00 
.20 
.40 
.20 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 

—  .10 

—  .10 

—  .10 

—  .10 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

18 

20 

21 

22 

24 

20 

28   

30 

a  Weather  Bureaa  dlscontinned  obaervations  March  31, 1886 ;  Geological  Survey  began  observations 
September  0, 1896. 

Coosatcattee  River  at  Cartere,  Georgia, 


Day. 

Ang. 

Sept. 

Oct. 

Nov. 

A^vC* 

Day. 

Ang. 

Sept. 

Oct. 

Nov. 

Dec. 

1 

0.75 
.75 
.76 
.70 
.70 
.65 
.66 
.60 
.60 
.65 
.70 
.65 
.60 
.55 
.56 
.56 

L25 
1.10 
LOO 
.96 
.06 
.90 
.80 
.70 
.60 
.50 
.60 
.80 
.90 
.80 
.76 
.70 

0.80 

.86 

LOO 

L06 

3.10 

L25 

1.00 

LOO 

.90 

.90 

6.05 

3.60 

^.60 

L40 

LOO 

.90 

1 

2.50 
2.26 
2.00 
2.00 
1.90 
1.80 
L80 
L75 
1.6.^ 
L60 
L50 
L40 
L4o 
1.35 
2.50 
2.50 

17 

0.95 
.90 
.85 
.80 
.80 
.80 
.75 
.95 
.95 
.95 
.90 
.00 
.85 
.85 
.80 

0.60 
.50 
.46 
.50 
.60 
.56 
.66 
.76 
.65 
.60 
.60 
.65 
L60 
L40 

0.65 
.60 
.60 
.65 
.65 
.60 
.80 

L30 
.95 
.00 
.60 
.70 

L26 
.90 
.80 

0.95 

.90 

.90 

.90 

.85 

.85 

.85 

.90 

LOO 

LOO 

.96 

L25 

L25 

3.60 

2.35 
2.20 
2.05 
2.00 
1.85 
L85 
1.80 
1.70 
1.60 
1.50 
L50 
1.45 
1.40 
L40 
L36 

2 

18 

3 

19 

4 

20 

5 

21 

6 

22 

7 

23 

8 

24 

9 

25 

10.. 

26 

11 

27 

12 

28 

13 

29 

14 

80 

15 

81 

16 

28 


RIVER   HEIGHTS   FOR    1896. 


[KO.  IL 


Oo9ianaula  Biver  at  Resaca,  Georgia,  for  1892, 


Day. 


1 

6.00 

2 

5.60 

3 

5.30 

4 

5.10 

5 

5.00 

6 

17.20 

7 

28.70 

8 

82.00 

9 

30.70 

10 

28.10 

11 

24.40 

12 

13 

18.30 
10.20 

14 

8.10 

15 

8,70 

16 

7.70 

17 

7.00 

18 

6.90 

19 

6.70 

20 

8.40 

21 

8.00 

22 

6.90 

23 

7.50 

24 

6.90 

25 

6.30 

26 

G.00 

27 

5.70 

28 

5.60 

29 

5.80 

30 

6.60 

31 

Apr. 


May. 


5.80 
5.50 
5.30 
5.10 
5.00 
4.80 
4.70 
4.70 
4.60 
4.60 
5.50 
5.60 
4.80 
4.50 
4.40 
4.20 
4.20 
4.20 
6.50 
6.00 
5.10 
10 
30 
70 
40 
4.20 
4.10 
4.00 
4.00 
3.90 
8.90 


5. 
5. 
4. 
4. 


Jane. 


3.80 
3.90 
4.60 
10.70 
7.50 
6.60 
5.70 
5.U0 
5.60 
6.70 
5.60 
5.00 
4.30 
4.10 
3.80 
3.70 
3.60 
3.60 
3.60 
4.30 
5.20 
6.50 
5.40 
4.50 
4.50 
5.30 
4.60 
7.70 
5.60 
4.40 


July. 


4.00 
4.00 
3.70 
3.60 
4.20 
9.80 
8.70 
7.30 
5.40 
9.20 
13.70 
13.50 
12.50 
10.10 
8.60 
7.50 
6.»0 
6. 00 
5.20 
6.80 
5.70 
5.50 
5.00 
4.6G 
4.30 
4.20 
4.30 
3.80 
3.70 
.3.70 
3.00 


• 

Aug. 

Sept. 

Oct. 

3.50 

4.60 

2.30 

3.50 

3.60 

2.20 

4.00 

3.00 

2.20 

3.70 

3.00 

2.20 

3.30 

2.90 

2.20 

3.00 

3.00 

2.20 

3.10 

3.00 

1.90 

3.00 

2.80 

1.90 

3.00 

2.70 

2.30 

3.40 

2.70 

2.20 

3.70 

2.60 

2.10 

3.20 

2.50 

2.10 

3..''*0 

2.50 

2.10 

3.20 

8.10 

2.10 

3.00 

2.90 

2.10 

2.W> 

2.70 

2.00 

2.80 

2.50 

2.00 

3.10 

2.50 

2.00 

3.30 

2.50 

2.00 

3.20 

2.60 

1.90 

3.30 

2.90 

1.90 

3.10 

5.00 

1.90 

7.10 

5.20 

1.90 

9.40 

3.20 

1.90 

6.00 

2.90 

1.90 

4.60 

2.70 

1.90 

4.80 

2.60 

1.90 

4.40 

2.50 

1.90 

4.00 

2.40 

1.90 

3.90 

2.30 

1.90 

4.60 

1.90 

Nov 


Deo. 


1.90 
1.90 
2.20 
3.60 
4.00 
3.00 
2.40 
3.60 
4.60 
11.40 
10  00 
6.90 
4.30 
3.70 
6.60 
7.80 
6.20 
5.90 
7.20 
5.70 
4.50 
4.10 
3.90 
3.70 
3.50 
3.30 
3.20 
3.30 
3.90 
8.70 


2.10 
2.10 
2.20 
2.20 
2.20 
2.20 
2.20 
2.20 
2.20 
2.20 
2.20 
2.20 
2.20 
1.90 
2.20 
2.60 
3.00 
5.60 
e.00 
7.00 
10.00 
8.00 
5.60 
4.00 
3.60 
3.40 
3.00 
2.90 
2.60 
2.50 
2.30 


OoMtanaula  River  at  Reeaca^  Georgiay  for  1893. 


Day. 


1... 

2... 

3... 

4... 

5... 

6... 

7... 

8... 

9... 
10... 
11... 
12... 
13... 
14... 
15... 
16... 
17... 
18... 
19... 
20... 
21... 
22... 
23... 
24... 
25... 
26... 
27... 
28... 
29... 
30... 
31... 


Jan. 


3.70 
4.80 
4.70 
4.40 
4.00 
8.70 
8.60 
8.50 
8.40 
3.40 
3.00 
3.00 
3.30 
3.00 
3.00 
3.00 
3.00 
3.00 
3.00 
8.00 
3.00 
3.00 
8.00 
3.50 
4.40 
4.80 
4.80 
4.50 
5.20 
6.60 
6.10 


Feb. 


4.60 

4.30 

4.00 

4.10 

4.00 

4.00 

4.00 

4.20 

4.00 

3.80 

9.00 

13.00 

14.10 

15.50 

12.20 

18.90 

20.90 

20.10 

18.30 

16.80 

13.60 

7.90 

7.10 

6.40 

5.90 

5.50 

5.20 

6.90 


Mar. 


7.80 
6.30 
5.60 
6.60 
7, 20 
6.00 
5.50 
5.20 
10.60 
13.  30 
9.00 
8.20 
7.80 
6.70 
6.00 
5.40 
5.20 
5.10 
5.00 
4.80 
4.60 
4.50 
4.50 
4.70 
7.70 
6.30 
5.00 
4.70 
4.60 
4.80 
4.50 


Apr.  May.  June. 


4.30 
4.20 
4.00 
4.00 
4.20 
4.80 
5.10 
4.40 
4.10 
4.00 
3.90 
3.90 
3.80 
5.00 
7.80 
6.40 
4.60 
4.30 
4.10 
4.40 
5.50 
5.10 
4.30 
4.00 
3.80 
3.90 
4.00 
4.20 
4.30 
8.80 


3.70 
3.60 
7.00 
14.60 
13.50 
13.40 
8.70 
7.20 
6.20 
5.90 
5.30 
4.80 
4.50 
4.40 
4.20 
4.70 
5.30 
4.80 
4.40 
4.00 
3.80 
3.70 
3.60 
3.60 
8.50 
3.40 
3.30 
3.70 
4.90 
7.90 
6.70 


4.40 
7.20 
7.90 
7.20 
5.00 
7.90 
15.10 
12. 20 
7.70 
6.00 
5.20 
4.70 
4.40 
4.30 
4.10 
4.00 
3.90 
3.80 
3.80 
3.90 
4.80 
4.50 
6.70 
5.50 
4.20 
3.90 
3.80 
3.70 
3.40 
3.20 


July. 


3.20 
3.20 
3.80 
3.70 
3.30 
3.00 
3.00 
2.90 
3.30 
3.00 
2.90 
2.80 
2.70 
2.60 
2.50 
2.70 
2.50 
2.50 
2.40 
2.00 
2.60 
3.60 
3.20 
2.60 
2.40 
2.30 
2.30 
2.30 
2.80 
2.20 
2.30 


Aug. 

Sept. 

Oct. 

2.40 

2.30 

1.70 

2.40 

8.60 

1.70 

2.50 

2.30 

1.70 

2.40 

2.00 

1.70 

4.80 

1.90 

2.00 

3.20 

1.80 

1.80 

3.50 

1.70 

1.70 

3.20 

1.80 

1.70 

2.90 

1.90 

1.70 

2.50 

2.10 

1.60 

2.30 

2.90 

1.60 

2.20 

4.40 

1.60 

2.30 

5.60 

1.60 

2.80 

5.20 

l.fiO 

3.20 

4.40 

1.60 

2.80 

3.20 

1.7U 

2.60 

2.50 

1.60 

2.30 

2.30 

1.60 

2.20 

2.10 

1.60 

2.10 

2.10 

1.60 

2.00 

2.00 

1.60 

1.90 

1.90 

1.80 

1.90 

1.90 

1.70 

1.90 

1.80 

1.60 

1.80 

1.80 

1.60 

1.70 

1.80 

1.60 

1.70 

1.80 

1.60 

1.80 

1.80 

1.50 

1.80 

1.70 

1.50 

1.70 

1.70 

1.50 

1.60 

1.40 

Nov. 


1.40 
1.40 
1.50 
1.60 
1.60 
1.60 
1.50 
1.50 
1.50 
1.50 
1.50 
1.50 
1.50 
1.50 
1.50 
1.60 
1.50 
1.50 
1.50 
1.60 
1.60 
2.00 
2.00 
1.80 
1.70 
L70 
1.70 
1.70 
2.20 
2.00 


Dec. 


1.90 
1.80 
1.80 
4.00 
3.80 
3.00 
2.40 
2.00 
1.90 
1.90 
1.90 
1.80 
1.80 
1.80 
1.80 
1.90 
2.20 
2.80 
2.50 
2.20 
2.  00 
1.90 
1.80 
1.80 
1.70 
1.60 
1.60 
1.60 
1.60 
2.60 
3.90 


► 


•*»»•]       OAOE   HEIGHTS   ON   GULF   OP   MEXICO   WATERSHED. 


29 


Oostanaula  Biver  at  lietaoa,  Georgia,  for  1894, 


Day. 


1.. 
2... 
3... 

4... 

5... 

6... 

7... 

8... 

9... 
10... 
11.. 
12... 
13... 
14... 
15... 
16... 
17... 
18... 
W... 
20... 
21... 
22... 
23... 
24... 
25... 
28... 
27... 
28... 
29... 
30... 
31... 


Jan.  I  fob. 


3.40 
2.90 
2.50 
3.30 
2.20 
2.30 
2.U0 
6.00 
4.00 
5.70 
7.00 
6.50 
5.10 
4.10 
3.60 
5.90 
6.80 
5.30 
4.30 
3.80 
3.60 
4.70 
4.60 
3.90 
3.90 
4.30 
3.80 
3.50 
3.10 
3.20 
3.20 


3.20 
3.00 
3.20 
7.90 
9.9U 
10.10 
6.50 
4.80 
6.30 
9.30 
7.00 
5. 20 
9.60 
8.20 
6.50 
6.20 
5.30 
4.90 
0.30 
6.70 
6.10 
5.50 


5. 
4. 
4. 
5. 
6. 


00 
60 
40 
60 
60 


7.70 


Mar. 


8.10 
7.60 
6.80 
5.80 
5.20 
4.70 
4.80 
5.20 
4.60 
4.U0 
3.90 
5.30 
8.10 
7.60 
5.00 
4.80 
5.00 
5.40 
4.60 
4.30 
7.20 
10.00 
7.30 
5.80 


Apr. 


I 


5.20 

4.80 

4.30 

4.00 

3.90 

3.90 

3.80 

3.70 
3.80 
4.60 
4.30 
4.40 
4.30 
3.90 
3.60 
3.50 
3.00 
6.90 
6.40 
5.00 
4.40 
4.10 
3.90 
3.70 
3.60 
3.60 
4.20 
4.60 
4.00 
3.50 
3.40 
3.30 
3.20 
3.00 
3.20 
3.00 
3.00 


2.90 
2.80 
2.80 
2.90 
2.90 
2.80 
2.70 
2.60 
3.10 
3.10 
8.10 
2.90 
4.40 
5.00 
6.10 
4.50 
3..'i0 
3.20 
3.10 
3.90 
3.30 
3.20 
3.20 
3.20 
3.10 
2.80 
2.70 
2.00 
2.50 
2.50 
2.40 


2.40 
2.30 
2.20 
2.10 
2.00 
2.00 
2.00 
2.00 
1.90 
1.90 
1.90 
1.80 
1.80 
1.80 
1.80 
1.80 
1.70 
1.90 
2.10 
2.70 
2.20 
2.10 
2.10 
2.00 
1.90 
2.50 
2.60 
2.50 
2.00 
1.80 


1.70 
1.90 
1.80 
1.70 
1.60 
1.50 
1.50 
2. 00 
1.70 
1.60 
1.50 
1.50 
1.40 
1.80 
1.30 
1.30 
1.90 
2.70 
2.50 
2.70 
2.90 
3.00 
3.50 
2.50 
2.10 
2.00 
1.90 
2.30 
2.60 
2.40 
2.20 


Aag. 

Sept 

Oct 

Nov. 

Dec. 

2.10 

1.90 

1.00 

2.10 

1.30 

2.00 

1.80 

1.00 

1.90 

1.30 

2.10 

1.70 

1.00 

1.70 

1.30 

1.80 

1.50 

1.00 

1.60 

1.30 

2.80 

1.40 

1.00 

1.50 

1.30 

2.10 

1.40 

1.00 

1.30 

1.30 

1.80 

1.30 

1.00 

1.20 

1.30 

1.60 

1.30 

1.00 

1.10 

1.30 

1.60 

1.70 

1.10 

1.10 

1.30 

1.50 

1.90 

1.10 

1.10 

1.80 

1.50 

1.60 

1.10 

1.10 

4.10 

1.60 

1.50 

1.10 

1.10 

11.00 

1.50 

1.40 

1.10 

1.00 

13.80 

1.50 

1.40 

1.10 

1.30 

9.20 

1.40 

1.30 

1.00 

1.30 

4.50 

1.60 

1.30 

1.00 

1.30 

3.40 

1.50 

1.20 

1. 00 

1.20 

3.00 

1.50 

2.10 

1.00 

1.20 

3.00 

1.80 

3.70 

.90 

1.20 

2.70 

2.40 

2.00 

.90 

1.20 

2.40 

2.20 

1.80 

.90 

1.20 

2.30 

2.00 

1.60 

.80 

1.20 

2.20 

2.10 

1.50 

.80 

1.20 

2.10 

1.90 

1.40 

.80 

1.30 

2.10 

1.90 

1.20 

.80 

1.90 

2.00 

2.«0 

1.20 

.80 

1.60 

2.10 

:<.40 

1.10 

.80 

1.40 

13.20 

2.60 

1.10 

.80 

1.80 

12.60 

4.60 

1.00 

.80 

1.30 

8.70 

3.20 

1.00 

1.20 

1.30 

4.20 

2.30 

1.70 

3.90 

Oostanaula  Biver  at  Beeaoa,  Georgia,  for  1895, 


r~ 


Day. 


Jan.  I  Feb.    Mar.  i  Apr. ;  May.  Jnne.  July. '  Aag.  Sept 


1 8.50 

2 3.80 

3 3.40 

4 8.40 

5 3.40 

6 3.40 

7 3.80 

8 8.80 

» 20.20 

10 23.20 

11 '26.80 

12 126.00 

13 ;22.70 

14 14.90 

15 6.50 

16 6.30 

17 8.10 

18 7.10 

19 6.00 

» 6.50 

21 13.40 

22 12.80 

23 9.90 

24 7.70 

25 6.40 

28 7.50 

V 7.60 

a 6.80 

^•..•..••_ •  •  •  •  .     o.  Wl 

II 8.20 


7.00 
6.90 
10.20 
8.90 
7.20 
6.30 
6.40 
7.30 
5.20 
5.00 
5.00 
4.90 
4.80 
4.70 
4.70 
4.70 
4.70 
4.40 


40 
10 
20 
60 


5. 

6. 

6. 

6.20 

5.50 

5.00 

4.80 

4.70 

4.70 


4.70 

4.70 

12.30 

12.00 

9.30 

6.50 

5.80 

5.70 

6.00 

5.20 

4.90 

5.20 

'  6.00 

113.20 

113.80 

12.40 

11.50 

8.50 

7.20 

12.60 

19.80 

19.90 

17.80 

13.20 

7.70 

7.50 

6.70 

6.80 

5.90 

6.60 


5.80 
5.20 
5.30 
5.00 
4.70 
4.60 
5.60 
15.30 
13.80 
10.00 
6.70 
5.50 
5.50 
5.20 
5.20 
6.00 
7.80 
6.30 
5.70 
5.20 
4.00 
4.80 
4.70 
4.50 
4.50 
5.30 
5.70 
6.30 
5.80 


5.20 
4.70 
4.60 
4.30 
4.20 
4.30 
5.30 
6.00 
7.70 
7.70 
6.00 
8.70 
9.00 
7.10 
6.00 
5.20 
4.80 
4.70 
4.60 
4.40 
\  4. 20 
4.20 
4.10 
3.90 
5.30 
6.10 
8.60 
7.90 
5.50 
4.80 
4.30 


4.10 
4.00 
3.80 
3.70 
3.70 
6.80 
4.80 
3.90 
3.70 
3.50 
3.40 
3.60 
3.80 
3.50 
3.40 
3.40 
6.90 
5.70 
4.20 
3.70 
3.50 
3.80 
3.70 
3.20 
3.10 
3.00 
2.90 
2.80 
2.80 
4.20 


8.00 
5.20 
4.80 
4.70 
4.00 
3.90 
3.90 
8.00 
8.10 
7.30 
4.00 
4.20 
4.00 
3.80 
3.60 
3.70 
4.00 
3.60 
3.20 
8.00 
3.00 
3.00 
2.00 
2.80 
2.70 
3.20 
3.20 
2.90 
2.80 
2.70 
2.70 


2.60 
2.40 
2.30 
2.20 
2.20 
2.20 
2.40 
5.40 
3.80 
3.40 
2.80 
4.30 
3.70 
3.60 
3.20 
3.40 
9.20 
7.50 
5.60 
5.40 
4.50 
6.30 
4.60 
4.00 
3.80 
3.60 
3.30 
4.80 
3.70 
3.30 
3.00 


2.90 
2.80 
2.80 
2.80 
2.80 
2.80 
2.70 
2.60 
2.60 
2.60 
2.60 
2.60 
2.60 
2.50 
2.40 
2.30 
2.50 
3.10 
2.'70 
2.50 
2.30 
2.20 
2.10 
2.10 
2.10 
2.10 
2.1)0 
2.00 
2.00 
1.90 


Oct. 


Not. 


1.90 

3.50 

1.90 

3.00 

1.90 

2.70 

1.90 

2.20 

1.90 

2.20 

1.90 

2.20 

1.90 

2.10 

1.90 

2.10 

2.10 

2.10 

2.00 

2.20 

1.90 

4.20 

2.00 

3.90 

2.00 

3.20 

2.00 

2.70 

1.90 

2.40 

1.90 

2.40 

1.90 

2.30 

1.80 

2.20 

1.80 

2.20 

1.80 

2.10 

1.70 

2.20 

1.70 

2.10 

1.70 

2.10 

1.70 

2.10 

1.70 

2.10 

1.70 

2.10 

1.70 

2.10 

1.80 

2  10 

2.50 

2.10 

2.10 

2.10 

2.20 

Dec. 


2.10 
2.10 
2.30 
2.30 
2.20 
2.10 
2.10 
2  10 
2.30 
3.00 
2.90 
2.80 
2.50 
2.40 
2.30 
2.30 


2.20 
2.20 
2.20 
2.20 
3.50 
5.20 
4.40 
3.50 
10 
10 
60 
60 
20 
70 


3. 
3. 
3. 
4. 

4. 
3. 


6.20 


30 


RIVER   HEIGHTS.  FOR   1896. 


[1I0.1L 


Ooatanaula  Biver  at  Beaaca,  Georgia^  for  1896. 


Day. 

Jan. 

Feb. 

Mar. 

Apr. 

Ang. 

Sept. 

Oct. 

Nov. 

Dec. 

1 

5.50 
4.60 
4.20 
3.80 
3.40 
3.00 
2.90 
3.30 
4.00 
4.00 
3.50 
3.40 
3.30 
3.10 
3.00 
2.90 
3.70 
4.00 
3.80 
3.40 
3.20 
3.40 
6.70 
10.80 
11.50 
10.00 
6.20 
6.20 
4.70 
4.30 
4.00 

3.90 
3.90 
4.60 
4.80 
4.50 
10.70 
16.70 
15.50 
15.90 
14.10 
9.30 
6.90 
5.00 
9.10 
9.70 
7.80 
6.40 
5.70 
5.30 
5.00 
4.70 
4.30 
4.10 
4.00 
4.00 
3.90 
3.80 
3.70 
3.70 

8.70 
3.70 
3.70 
3.60 
3.50 
3.40 
3.80 
4.20 
3.90 
3.60 
3.40 
4.50 
4.90 
4.00 
3.70 
3.60 
6.50 
8.40 
6.60 
7.80 
7.10 
5.80 
5.20 
4.90 
5.30 
5.00 
4.70 
4.40 
4.20 
4.00 
4.60 

4.80 
11.80 
11.60 
11.70 
6.60 
5.40 
5.00 
4.90 
4.80 
4.30 
4.20 
4.00 
3.80 
3.70 
3.60 
3.60 
3.60 
3.50 
3.50 
3.40 
3.30 
3.20 
3.20 
4.20 
3.70 
8.30 
3.10 
3.40 
3.40 
3.30 
3.10 

2.10 
2.30 
2.65 
2.40 
2.15 
2.00 
1.90 
1.80 
1.75 
1.75 
1.65 
1.65 
1.70 
1.60 
1.60 
1.70 
1.70 
1.70 
1.50 
1.35 
1.30 
1.25 
1.20 
1.50 
3.20 
2.80 
1.95 
1.70 
1.50 
1.40 
1.30 

1.20 
1.25 
1.20 
1.25 
1.15 
1.15 
1.30 
1.10 
1.10 
1.05 
1.00 
1.00 
1.50 
1.25 
1.10 
1.05 
1.00 
1.00 
.95 
.90 
.85 
1.95 
1.55 
1.25 
1.20 
1.10 
1.10 
1.70 
8.36 

6.50 
3.70 
2.05 
1.65 
1.50 
1.40 
1.30 
1.30 
1.30 
1.20 
1.20 
1.20 
1.55 
1.65 
1.50 
1.45 
1.35 
1.30 
1.20 
1.15 
1.15 
1.20 
1.20 
1.85 
1.90 
1.60 
1.50 
1.40 
1.95 
1.55 

1.50 
1.40 
1.40 
1.35 
1.90 
3.15 
2.10 
2.00 
2.10 
1.85 
1.70 
3.00 
13.65 
11.35 
11.10 
4.25 
3.:K) 
3.00 
2.70 
2.60 
2.50 
2.35 
2.40 
2.35 
2.25 
2.20 
2.10 
2.15 
3.80 
8.70 

9.25 
6.70 
4.65 
8.90 
3.50 

2 

3 

4 

5 

6 

3.20 

7 

3.00 

8 

2.90 

3.00 

3.50 

3.30 

3.10 

2.90 

2.80 

4.20 

3.90 

3.30 

3.00 

3.00 

2.90 

2.80 

2.00 

2.55 

2.55 

2.40 

2.3fl 

2.25 

2.20    1 

2.20 

2.20 

2.20 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

26 

27 

28 

29 

30 

31 

Coo$a  Biver  at  Biverside,  Alabama. 


Day. 

Sept 

Oct. 

Nov. 

Deo. 

Day. 

Sept. 

Oot. 

Nov. 

Dec. 

Day. 

Sept. 

Oct. 

Nov. 

Deo. 

1.. 

0.60 

1.75 

3.10 

2.75 

2.00 

1.50 

1.20 

.85 

.70 

.60 

.65 

1.10 
1.40 
1.20 
1.10 
1.05 
1.10 
1.20 
2.66 
2.30 
1.90 
1.30 

1.30 
2.10 
4.38 
3.80 
3.20 
2.50 
2.20 
1.90 
1.70 
1.60 
1.55 

12.. 

• 

0.60 
.60 
.60 
.55 
.55 
.55 
.65 
.80 
.85 
.75 

1.60 
2.25 
2.70 
4.00 
5.20 
4.70 
4.20 
3.20 
2.30 
1.50 

1.55 
1.60 
1.60 
1.80 
2.00 
2.10 
2.20 
2.00 
1.80 
1.70 

1    22.. 

0.70 
.60 
.65 
.60 
.70 
.80 
.85 
.90 
.95 
.85 

1.40       1    KA 

2.. 

18.. 

1    23.. 

1.35 
1.30 
1.25 
1.20 
1.15 
1.15 
1.10 
1.20 

1.45 
1.40 
1.35 
1.30 
1.25 
1.20 
I.IO 
1.10 
1.10 

3.. 

14.. 

24.. 

4.. 

15.. 

25.. 

6.. 

16.. 

26.. 

6.. 

17.. 

27.. 
28.. 
29.. 
30.. 
31.. 

0.45 
.45 
.45 
.50 

7.. 

18.. 
19.. 

8.. 

9.. 

10.. 

20.. 
21.. 

11.. 

1 

DATia.]        GAGE   HEIGHTS   ON   GULF   OP   MEXICO   WATERSHED. 
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Lock  No.  4. — ^This  point  is  about  3  miles  above  Riverside,  Alabama, 
and  no  water  comes  into  the  river  between  these  points  except  Blae 
Spring  Branch,  which  does  not  furnish  a  cubic  foot  of  water  per  second. 
The  measurements  made  from  the  bridge  of  the  Southern  Railway  at 
Biverside,  Alabama,  may  therefore  be  used  in  estimating  the  values  of 
gage  heights  observed  at  Lock  No.  4. 

A  record  has  been  kept  at  this  point  by  the  United  States  Engineer 
Corps,  which  is  given  below. 


Coosa  River  at  Lock  No.  4, 

near  Lincoln 

,  Aldhamay  for  1890. 

Day. 

Feb. 

Mar. 

Apr. 

May. 

June. 

July. 

Aug. 

Sept. 

Oct. 

Nov. 

Dec. 

1 

8.5 
8.5 
7.6 
6.4 
6.1 
!    4.5 
,     4.1 
5.4 
7.1 
7.8 
7.9 
7.5 
6.6 
5.7 
5.4 
5.5 
5.6 
5.4 
4.7 
4.3 
3.9 
3.6 
3.5 
6.2 
11.6 
16.4 
18.6 

20.9 

20.2 

19.1 

18.2 

17.7 

17.9 

17.5 

16.7 

13.9 

10.3 

7.8 

6.5 

5.9 

6.8 

8.7 

9.2 

8.7 

7.9 

7.1 

8.5 

10.5 

11.4 

14.4 

14.2 

14.0 

13.4 

12.1 

10.0 

7.9 

6.4 

6.0 

17.1 

-7.6 

^6.8 

10.4 

,1.5 

^2.1 

11.8 

0.2 

8.0 

6.8 

6.0 

5.5 

5.1 

4.7 

4.3 

4.1 

5.1 

5.6 

5.8 

!:? 

5.0 
4.3 
3.9 
3.8 
3.7 
3.8 
3.8 
3.8 
3.7 

3.7 
3.4 
3.2 
3.2 
3.2 
3.2 
3.3 
3.3 
3.2 
3.1 
3.0 
2.8 
2.7 
2.7 
2.7 
3.2 
3.7 
4.2 
4.0 
4.0 
3.9 
3.6 
4.0 
4.1 
3.6 
3.1 
3.1 
3.4 
3.4 
5.1 
4.0 

3.1 
2.7 
2.5 
2.4 
2.2 
2.3 
2.3 
2.2 
2.2 
2.4 
2.8 
3.9 
3.7 
3.8 
2.5 
2.2 
2.2 
2.1 
2.0 
1.9 
2.3 
2.1 
1.9 
1.8 
1.8 
1.7 
1.5 
1.5 



1.4 
1.4 
1.3 
1.3 
1.3 
1.3 
1.3 
1.2 
1.1 
1.1 
1.0 
1.0 
1.0 
1.0 
.9 
.9 
1.2 
1.4 
1.4 
1.2 
1.1 
1.1 
1. 1 
1.1 
1.2 
1.5 
3.2 
5.2 
4.3 
3.1 
2  8 

2.6 
2.0 
1.8 
1.8 
2.3 
2.3 
2.9 
3.0 
2.7 
2.6 
2.9 
2.5 
2.7 
2.7 
2.0 
1.6 
1.9 
2.2 
1.9 
1.6 
1.4 
1.2 
1.0 
.9 
.9 
.9 
.9 
1.1 
1.7 
2.5 

3.4 
3.1 
2.3 
1.6 
1.2 
1.0 
1.0 
1.0 
1.2 
1.2 
1.3 
1.6 
14 
1.1 
1.0 
1.0 
1.4 
1.4 
1.1 
.9 
.9 
.9 
1.1 
1.9 
5.1 
6.1 
6.0 
4.5 
4.0 
3.4 

3.5 
4.6 
4.9 
5.9 
6.3 
5.4 
4.2 
3.9 
4.0 
3.9 
3.9 
3.4 
2.8 
2.4 
2.2 
2.2 
2.6 
3.2 
4.7 
4.9 
3.8 
3.0 
8.9 
11.0 
11.5 
10.9 
8.9 
6.6 
5.0 
4.0 
3.6 

3.2 
2.9 
2.7 
2.5 
2.4 
2.3 
2.2 
2.1 
2.0 
1.0 
1.8 
1.7 
1.7 
1.7 
1.6 
1.5 
1.5 
1.6 
1.7 
1.7 
1.7 
1.7 
1.5 
1.4 
1.3 
1.3 
1.3 
1.3 
1.2 
1.2 
....... 

1.2 
1.2 
1.2 
1.2 
1.2 
1.3 
2.6 
3.8 
5.0 
6.4 
6.2 
5.0 
4.8 
2.9 
2.5 
2.3 
2.0 
1.9 
1.9 
2.0 
2.0 
1.9 
1.8 
1.7 
1.7 
2.7 
4.6 
5.0 
5.4 
5.3 
4.4 

2 

!  3:: : 

4 

5 

6 

i     7 

8 

9 

1 10..::::::: 

i   u 

i    12. 

'    13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

1  24 

25 

26 

27 

28..              .  ... 

30 

31 

-   -   - 

Coosa  River  at  Lock  No. 

^3  for 

1891 

• 

Day.' 

Jan. 

Feb. 
13.7 

Mar. 

Apr. 

May. 

June. 

1 

|July. 

1 

Aug. 
8.6 

Se|)t. 

Oct. 

Nov. 

1 

3.6 

10.0 

12.2 

3.9 

2.8 

1.6 

1.5 

0.4 

0.1 

1    2... 

5.4 

13.8 

8.3 

13.5 

3.6 

2.4 

1.5 

10.8 

1.3 

.4 

•     1- 

3 

6.6 

14.4 

7.5 

13.8 

3.5 

2.2 

1.5 

11.7 

'    1.3 

.5 

•  X 

'    4 

7.5 
7.6 

15.1 
14.9 

7.0 
6.7 

13.6 
12.3 

3.5 
3.4 

2.2 
2.0 

1.5 
1.4 

11.3 
9.9 

1     1.4 
1     1.6 

.4 
.3 

,    5 

•  A 

1    8 

6.7 

14.5 

9.1 

9.9 

3.3 

2.0 

1.4 

7.0 

2.8 

.3 

■  A 

1 ..... 

6.2 

16.3 

12.7 

8.0 

3.1 

2.0 

1.3 

6.2 

3.8 

.4 

•  A 

8 

4.1 

16.7 

16.2 

7.0 

3.0 

2.1 

2.0 

4.7 

3.0 

.3 

•  A 

9 

3.6 

16.0 

18.9 

6.5 

2.9 

2.4 

2.5 

3.4 

1.9 

.3 

■  A 

'   10 

3.4 

19.0 

18.9 

6.0 

2.8 

6.6 

2.6 

2.7 

1.6 

.3 

•  % 

U 

3.7 

18.8 

18.3 

5.8 

2.8 

5.6 

3.8 

2.4 

2.1 

.4 

•  O 

12... 

4.9 

18.3 

18.2 

5.7 

2.8 

3.9 

4.0 

2.2 

1.6 

.5 

•   V 

13 

6.5 

19.2 

18.1 

5.6 

2.8 

3.3 

3.6 

2.2 

1.4 

.4 

•  0 

14 

6.5 

19.4 

18.0 

5.5 

2.7 

3.9 

2.8 

2.1 

1.6 

.3 

1.7 

15 

6.6 

19.0 

17.8 

5.2 

2.6 

3.5 

2.2 

2.0 

2.7 

.3 

1.0 

I« 

5.7 

18.4 

17.6 

5.2 

2.6 

3.1 

1.7 

1.9 

2.6 

.3 

.7 

17 

5.4 

18.1 

17.4 

6.1 

2.8 

2.8 

1.5 

1.7 

2.1 

.3 

.6 

18 

5.4 

17.6 

16.4 

4.9 

2.7 

2.8 

1.5 

1.6 

1.6 

.3 

.5 

19 

5.6 

16.9 

15.1 

4.9 

2.7 

2.9 

1.6 

1.6 

1.3 

.3 

.5 

20....      ' 

5.3 

16.2 

11.3 

4.9 

2.8 

3.0 

1.5 

1.6 

1.0 

.2 

.5 

21 *"•'.      .. 

4.9 

16.2 

8.1 

5.1 

2.8 

3.8 

1.8 

1.7 

.9 

.2 

.5 

22 

6.6 

16.0 

7.1 

4.7 

3.1 

4.4 

2.4 

1.6 

.8 

.2 

1.0 

23 "* 

8.3 

14.9 

6.7 

4.5 

3.6 

3.4 

2.0 

1.7 

.7 

1.1 

24.... 

9.3 
10.3 

14.7 
14.7 

6.4 
6.2 

5.0 
6.7 

2.8 
2.6 

8.0 
3.0 

1.8 
1.7 

1.5 
1.6 

.7 
.6 

1.1 

25 ""'   ■ 

3.3 

28....      ■     *" 

10.1 

14.4 

6.3 

6.7 

2.6 

2.8 

1.9 

1.7 

.6 

« 

3.4 

27 

9.5 

13.7 

8.1 

6.0 

2.9 

2.4 

2.0 

2.4 

.7 

•  ^ 

3.2 

28 **" 

&5 

11.9 

8.8 

5.2 

3.0 

2.0 

1.9 

2.0 

.5 

2.1 

29 

9.0 

9.3 

4.6 

3.2 

1.8 

2.3 

1.5 

.5 

2.0 

30....     " 

11.0    

8.0 

4.1 

3.2 
3.0 

1.7 

3.2 
2.9 

1.5 
1.5 

.5 

1.7 

31 :.:::;..: 

1L4    10.4 

Dec. 


1.5 
1.3 
1.0 
1.0 
2.4 
3.3 
5.1 
5.8 
6.4 
5.9 
4.4 
3.0 
3.0 
2.5 
2.0 
3.2 
4.6 
5.4 
4.8 
3.8 
3.2 
2.4 
2.1 
2.2 
2.0 
.3.0 
3.5 
4.0 
4.1 
4.0 
3.8 
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RIVER   HEIGHTS   FOR   1896. 


[no.  1L 


Coo9a  River  ^  at  Lock  No,  4,  for  189S, 


Jan. 

Feb. 

Mar. 

Apr. 

May. 

June. 

1 
Jnly. 

Ang. 
2.0 

'sept. 
2.8 

Oct 
1.2 

Xov. 

Dec. 

3.3 

4.3 

3.9 

6.8 

4.9 

2.3 

4.3 

0.4 

3.2 

4.3 

4.1 

3.8 

5.0 

4.8 

2.1 

3.4 

1.9 

2.4 

1.2 

.4 

2.8 

5.8 

4.0 

3.6 

5.5 

4.6 

2.5 

2.5 

1.8 

2.2 

12 

.3 

2.4 

6.0 

3.8 

3.5 

5.0 

4.2 

2.8 

2.1 

1.8 

1.8 

1.0 

.4 

2.4 

5.2 

3.8 

3.3 

4.7 

3.8 

3.5 

2.0 

1.7 

1.5 

.9 

.5 

2.7 

4.6 

3.7 

3.2 

6.6 

3.6 

5.1 

2.1 

1.7 

1.4 

.0 

.5 

2.4 

4.2 

3.7 

4.0 

20.8 

3.5 

5.5 

2.1 

1.6 

1.3 

.8 

1.0 

2.4 

4.6 

3.9 

5.8 

23.7 

3.3 

4.7 

3.3 

1.5 

1.2 

.8 

1.0 

2.8 

5.0 

4.6 

8.0 

23.4 

3.3 

3.8 

5.6 

1.5 

1.2 

.7 

1.0 

2.3 

5.5 

4.8 

9.8 

22.5 

3.3 

3.6 

6.4 

1.4 

1.1 

.   1 

1.2 

2.2 

5.8 

5.0 

10.4 

22.3 

3.5 

3.5 

6.3 

1.4 

1.0 

.7 

3.2 

2.9 

7.8 

4.7 

9.5 

22.7 

3.6 

3.0 

8.7 

1.6 

.9 

.8 

6.9 

2.5 

16.3 

4.2 

7.2 

23.0 

4.0 

3.4 

10.6 

1.9 

1.0 

.8 

6.9 

2.4 

19.3 

3.8 

5.8 

22.6 

4.0 

3.0 

10.9 

1.7 

.9 

.8 

4.7 

2.1 

19.7 

3.8 

4.9 

21.6 

3.6 

2.5 

11.3 

1.6 

.9 

.   < 

.^.9 

2.4 

19.1 

3.9 

4.5 

20.0 

3.3 

2.2 

9.4 

1.5 

1.0 

.8 

3.1 

2.8 

18.8 

3.9 

4.2 

18.4 

3.0 

2.0 

7.6 

1.5 

3.3 

.8 

3.1 

19.6 

4.0 

4.0 

14.4 

2.8 

1.9 

6.0 

1.5 

1.9 

.8 

6.0 

4.4 

21.5 

4.1 

5.9 

8.5 

3.5 

1.8 

5.5 

1.4 

1.3 

.7 

4.8 

5.5 

23.1 

3.9 

6.1 

6.1 

3.3 

1.9 

8.1 

1.9 

1.3 

.5 

4.0 

6.9 

23.4 

4.2 

5.9 

6.0 

3.7 

2.1 

6.4 

2.1 

1.9 

.5 

4.2 

8.9 

22.8 

5.3 

5.4 

8.3 

4.4 

2.4 

6.3 

2.3 

3.2 

.5 

3.9 

9.2 

22.1 

7.2 

5.2 

8.4 

3.8 

4.4 

5.3 

2.4 

5.5 

.5 

3.2 

.9.5 

21.3 

8.4 

7.1 

7.1 

3.4 

3.9 

5.3 

5.8 

.5 

2.6 

8.1 

20.0 

8.0 

7.8 

6.1 

8.3 

3.9 

4.6 

5.4 

4.1 

.5 

2.2 

6.3 

18.9 

6.6 

9.4 

5.8 

8.3 

3.3 

3.8 

7.0 

3.3 

.4 

1.9 

5.1 

16.6 

5.0 

10.8 

5.3 

2.9 

4.0 

3.3 

6.8 

2.3 

.5 

1.8 

4.2 

11.0 

4.6 

11.4 

4.8 

2.8 

4.1 

3.0 

5.1 

1.8 

.5 

1.7 

3.7 

6.7 

4.3 

11.8 

4.6 

2.7 

4.2 

2.8 

4.2 

1.5 

.5 

1.9 

3.3 

5.4 

11. 1 

4.8 

2.6 

4.5 

2.5 

3.7 

1.3 

.4 

3.3 

2.9 

4.5 

8.0 

2.5 

2.1 

3.2 

.4 



2.6 

Coosa  River  ^  at  Loch  No,  4,  for  IS93. 


Day. 

Jan. 

Feb. 

1 

2.7 
2.8 
8.1 
3.1 
3.3 
3.0 
2.8 
2.5 
2.2 
2.1 
1.9 
?.l 
2.0 
2.0 
2.1 
2.6 
2.4 
2.1 
2.1 
2.0 
2.0 
2.0 
2.0 
2.1 
2.8 
3.7 
4.7 
5.5 
5.8 
5.8 
5.7 

5.6 

2 

5.0 

3 

4.4 

4 

3.8 

5 

3.5 

6 

3.3 

7 

8 

3.1 
3.1 

9 

3.1 

10 

3.0 

11 

3.8 

12 

13 

6.5 
9.2 

14 

11.3 

15 

12,1 

16 

20.8 

17 

18 

19 

20.6 
19.5 
18.4 

20 

17.8 

21 

17.3 

22 

16.8 

23 

15.9 

24 

14.0 

25 

0.4 

26 

27 

6.5 
5.5 

28 

6.2 

29 

30 

31 

Mar.  I  Apr.   May.  June.  {July. 


7.1 
7.9 
8.1 
7.9 
8.4 
8.2 
7.6 
6.6 
7.7 
8.8 
10.1 
10.5 
9.8 
8.0 
6.9 
5.9 
5.3 
4.8 
4.5 
4.2 
4.0 
3.8 
3.7 
3.9 
5.9 


6.0 

5.8 

5.4 

4.2 

4.0 

3.7 

3.6 
3.5 
3.3 
3.2 
3.4 
3.5 
3.7 
3.8 
4.0 
3.8 
3.3 
3.0 
2.9 
8.3 
4.0 
4.4 
4.4 
4.3 
3.9 
3.3 
3.6 
3.8 
3.7 
3.6 
3.3 
3.1 
4.8 
6.4 
5.9 
5.4 


4.5 
5.2 
9.7 
14.4 
15.1 
12.5 
12.5 
10.5 
9.8 
7.9 
6.4 
5.6 
4.9 
4.4 
3.9 
3.7 
3.5 
3.2 
3.1 
3.0 
2.8 
2.6 
2.5 
2.3 
2.2 
2.1 
2.0 
2.0 
3.0 
5.4 
6.0 


5.4 
7.4 
7.9 
8.0 
8.0 
7.3 
7.3 
9.3 
10.4 
10.2 
7.9 
5.6 
4.2 
3.6 
3.1 
3.0 
2.9 
2.6 
2.5 
2.9 
2.8 
2.4 
3.0 
3.1 


1.9 
1.8 
1.7 
1.7 
1.6 
1.8 
1.6 
1.5 


Aug.  ■■  Sept. 


Oct. 


1.0 
.9 
.9 
.9 


2.9 

1.3 

3.8 

1.5 

8.7 

1.2 

3.4 

.8 

2.0 

.7 

1.9 

.7 

;■•«••• 

1.0 

1,0 
.9 
1.1 
1,4 
1.4 
1.8 
1.6 
1.5 


1.5 

1.5 

1.4 

1.4 

'     1.5 

1.5 

1.4 

1.4 

1.4 

1.0 

1.3 

1.4 

1.2 

1.3 

1.3 

1.1 

1.2 

1.2 

1.1 

1.3 

1.0 

1.4 

.9 

1.1 

1.0 
.8 
.5 
.4 
.3 
.3 
.4 
.2 
.1 
.2 
.2 


.2 
_  2 

'.S 

1.2 

1.7 

1.1 

1.6 

.5 

.5 

.4 

.5 

.8 

1.5 

2.7 

3.3 

3.5 

3.0 

2.1 

1.5 

1.0 

.7 

.6 

.5 

.4 

.3 

.3 

.4 

.2 

.1 

.2 


0.3 
.3 
.3 
.3 
.2 
.2 
.2 
.3 
.3 
.3 
.1 
.1 
.1 
.1 
.0 
.0 
.0 
.0 
.0 
.0 
.0 
.0 
.0 
.0 
.0 
.0 
.0 
.0 
.0 
.0 
.0 


Nov. 


-0.1 

—  .1 

—  .1 

—  .1 

.0 
.0 
.  .0 
.0 
.0 
.0 

—  .1 

.0 
.0 
.0 
.0 

+  .1 

.0 
.0 
.0 
.0 

.1 
.1 
.1 

.2 
.2 
.1 
.3 
.3 
.2 
.1 


Det 


0.3 

.3 

.9 

1.0 

1.2 

1.3 

1.5 

1.2 

.7 

.6 

.4 

.3 

.3 

.3 

.3 

.5 

.6 

6 

9 

.7 

.7 

.6 

.4 

.3 

.3 

.2 

.1 

.1 
.9 
.2 


1  Record  from  United  States  Engineer  Office. 
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Coosa  River  <  at  Look  No.  4,  for  1894. 


Nov. 

Dec. 

—0.1 

0.0 

—  .2 

—  .1 

—  .1 

.2 

.0 

-  .1 

+  .1 

.2 

.0 

—  .2 

—  .1 

.3 

.1 

—  .1 

—  .2 

.0 

—  .3 

+  .1 

.3 

.8 

-  .8 

1.5 

—  .4 

6.0 

—  .3 

9.6 

—  .2 

10.0 

—  .2 

8.0 

—  .1 

5.0 

—  .1 

2.9 

.0 

2.0 

.0 

1.6 

.0 

1.4 

.0 

1.3 

.0 

1.1 

.0 

.8 

.0 

.7 

.0 

1.0 

+  .1 

4.9 

.4 

6.9 

.2 

8.4 

.1 

8.5 

6.8 

Feb. 


2.1 
2.0 
2.0 
2.0 
2.8 
4.1 
5.0 
5.2 
6.0 
6.2 
6.3 
6.8 
8.3 
8.9 
9.1 
8.3 
6.7 
6.8 
5.7 
5.9 
6.5 
6.6 
6.6 
6.3 
5.2 
5.5 
5.9 
5.6 


Mar. 


7.4 
7.6 
7.6 
6.9 
6.0 
5.2 
4.6 
4.2 
3.9 
3.7 
3.4 
3.9 
5.6 
6.6 
5.1 
5.1 
5.9 
5.3 
4.8 
4.6 
7.1 
8.7 
9.2 
8.3 
7.3 
5.8 
4.7 
4.0 
3.6 
3.3 
3.0 


Apr. 


2.8 
3.4 
i.3 
3.9 
3.7 
3.9 
2.7 


4.1 
3.1 
2.8 
2.8 
2.6 
3.1 
2.8 
3.0 
3.0 
2.9 
2.5 
2.1 
2.0 
2.0 
1.7 
1.7 


May. 

Jane. 

July. 

Aug. 

1.7 

0.7 

0.7 

0.9 

1.7 

.7 

.5 

1.0 

1.6 

.6 

.3 

1.0 

1.6 

.6 

.3 

1.0 

1.7 

.5 

.8 

.7 

1.8 

.5 

.8 

.7 

1.7 

.4 

1.0 

1.2 

1.4 

.4 

1.0 

1.2 

1.4 

.4 

.8 

.8 

1.4 

.3 

.8 

.5 

1.5 

.3 

1.3 

.3 

2.2 

.2 

1.1 

.2 

1.9 

.2 

.5 

.2 

1.9 

.2 

.3 

.2 

2.0 

.1 

.2 

•  X 

2.4 

.1 

.1 

■  X 

?.8 

.1 

.1 

•  X 

3.0 

.3 

.1 

•  m 

2.4 

.3 

.2 

•  & 

1.7 

.7 

.6 

•  " 

1.4 

.8 

1.6 

.5 

1.4 

.9 

1.4 

.2 

1.4 

1.0 

1.2 

.3 

1.2 

.9 

1.4 

1.9 

1.2 

1.2 

1.8 

2.6 

1.2 

2.4 

2.1 

2.0 

1.2 

2.4 

1.4 

1.8 

1.2 

1.2 

.9 

1.5 

.9 

1.0 

1.9 

3.7 

.9 

.8 

1.8 

2.4 

.8 

.9 

1.6 

Sept. 


1.4 

1.4 

1.0 

.8 

.5 

.2 

.1 

.1 

.1 

.1 

.0 

.3 

.4 

.7 

.5 

.5 

.4 

.4 

1.4 

3.9 

3.1 

2.9 

1.3 

.8 

.5 

.3 

.2 

.2 

.1 

.2 


Oct. 


0.1 

-  .1 

-  .1 

-  .3 

-  .4 

-  .3 
<  .2 

-  .2 

-  .2 

-  .1 

-  .3 

-  .3 

-  .2 

■  .1 

-  .1 

-  .1 

-  .1 

-  .2 

-  .3 

■  .4 

-  .4 

-  .3 

-  .4 

-  .4 

-  .3 

-  .3 

-  .3 

-  .3 

-  .4 

-  .1 

-  .1 


Coo$a  Biver  '  at  Look  No.  4,  for  1896. 


Bay. 

Jan. 

Feb. 

Mar. 

Apr. 

May. 

June. 

July. 

Aug. 

Sept. 

Oct. 

Nov. 

De<i. 

1 

4.5 

3.0 

2.5 

2.3 

2.3 

2.4 

2.5 

5.4 

12.4 

15.7 

16.1 

15.6 

15.7 

15.3 

15.1 

15.0 

15.0 

12.4 

8.9 

6.9 

6.8 

10.3 

11.5 

11.3 

10.0 

9.8 

9.4 

9.0 

9.4 

9.2 

9.0 

8.4 
8.0 
0.0 
9.2 
9.4 
8.6 
8.0 
7.0 
6.6 
8.8 
7.8 
5.0 
6.0 
5.2 
4.6 
4.4 
4.2 
4.4 
4.4 
4.6 
5.0 
5.6 
5.8 
5.8 
5.8 
5.2 
5.0 
4.6 

4.4 

6.1 

8.2 

9.4 

9.8 

9.0 

8.0 

7.5 

6.2 

5.8 

5.4 

5.4 

5.4 

8.0 

11.6 

15.6 

16.4 

13.6 

14.6 

18.4 

14.2 

14.4 

14.6 

14.0 

13.6 

13.0 

9.8 

7.4 

6.2 

6.0 

5.4 

5.6 
5.4 
5.0 
4.8 
4.6 
4.2 
5.4 
9.6 
11.6 
12.0 
11.2 
9.4 
7.2 
5.8 
5.2 
5.0 
5.6 
6.2 
8.2 
8.8 
7.6 
6.0 
5.4 
4.8 
4.6 
4.4 
4.4 
5.0 
5.6 
5.6 

5.2 
5.2 
4.8 
4.4 
4.8 
4.4 
4.4 
5.0 
5.7 
5.8 
6.0 
5.6 
5.0 
5.0 
5.2 
5.0 
4.4 
4.0 
4.0 
3.8 
3.6 
3.4 
3.0 
3.2 
3.4 
5.0 
6.4 
9.0 
9.0 
7.8 
6.0 

4.8 
4.0 
3.8 
3.6 
3.4 
3.4 
3.4 
4.0 
4.6 
3.8 
3.4 
3.0 
3.0 
3.0 
3.8 
3.4 
3.2 
3.0 
3.0 
3.6 
4.0 
3.2 
8.4 
3.0 
2.8 
2.6 
2.4 
2.8 
2.2 
2.0 

2.2 
2.6 
4.0 
4.8 
5.4 
4.8 
3.2 
3.0 
2.8 
2.6 
2.4 
2.8 
2.2 
3.5 
3.8 
3.4 
3.3 
3.1 
2.8 
2,6 
2.4 
2.3 
2.3 
2.0 
2.1 
2.0 
1.8 
1.8 
1.9 
1.8 
1.7 

1.6 
1.5 
1.5 
1.5 
1.4 
1.3 
1.8 
1.3 
1.8 
1.4 
1.5 
1.4 
1.2 
2.9 
3.0 
2.7 
3.1 
4.0 
7.5 
8.3 
6.5 
7.9 
7.7 
7.0 
5.6 
4.2 
3.4 
3.2 
3.2 
4.0 
3.4 

3.8 
8.1 
2.7 
2.6 
4.1 
3.1 
2.8 
2.8 
2.8 
2.5 
2.1 
2.0 
1.8 
1.7 
1.7 
1.6 
1.5 
1.5 
1.7 
1.7 
1.7 
1.6 
1.4 
1.3 
1.2 
1.1 
1.1 
1.0 
1.0 
.9 

0.8 
.8 
.8 

1 
.1 
.8 
.9 
.8 
.8 
.7 
.9 
.9 
.8 
.8 
.8 
.8 
.7 
.7 
.7 
.6 
.6 
.6 
.0 
.6 
.6 
.6 
.7 
.7 
.7 
.8 

0.9 

1.0 

1.1 

1.4 

1.6 

1.2 

1.0 

.9 

.8 

.9 

1.0 

1.1 

1.4 

1.9 

2.0 

1.6 

1.3 

1.1 

1.0 

1.0 

.9 

.9 

.8 

.8 

.8 

.8 

.9 

.8 

.8 

.8 

0.9 

.9 

.9 

.8 

.8 

.8 

.0 

.9 

.9 

.0 

.9 

.9 

1.2 

1.2 

1.2 

1.1 

I.O 

1.0 

.9 

.9 

1.1 

1.2 

1.5 

1.8 

2.5 

2.5 

2.5 

2.5 

2.5 

2.5 

2.8 

2 

3 

4 

5 

6 

7 

8 

9 

10 

U 

12 

18 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

26 

26 

27 

28 

20 

30 

31 

>  Record  from  United  States  Engineer  Office. 
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RIVER   HEIGHTS   FOR   1896. 


tNO.  IL 


Coosa  River '  at  Lock  No,  4,  for  1896, 


Day. 

1 
Jan. 

Feb. 

Mar. 

3.4 
3.3 
3.0 
2.8 
2.8 
2.7 
3.0 
3.1 
3.0 
2.9 
3.4 
4.7 
5.2 
4.8 
4.4 
4.1 
5.0 
5.8 
6.8 
7.7 
8.0 
7.4 
6.5 
5.7 
5.2 
4.8 
4.3 
4.0 
4.0 
3.6 
3.4 

Apr. 

1 
May 

June. 

July. 

Auj?. 

Sept. 

Oct. 

0.2 
2.0 
3.5 
3.0 
2.9 
1.1 
.6 
.5 
.4 
.3 
.3 
.2 
.2 
.2 
.2 
.2 
.1 
.1 
.2 
.2 
.2 
.2 
.1 
.1 
.1 
.1 
.2 
.2 
.5 
.5 
.5 

Nov. 

Boc. 

1 

4.0 
4.1 
4.1 
3.5 
8.5 
2.6 
2.1 
2.0 
1.8 
1.0 
2.1 
2.4 
2.3 
2.0 
1.8 
1.8 
2.8 
3.4 
4.1 
4.0 
3.6 
4.4 
6.9 
9.0 
0.0 
10.0 
10.0 
8.7 
7.8 
5.2 
4.4 

3.8 

8.8 

3.4 

8.5 

3.5 

6.5 

10.0 

11.8 

13.7 

13.4 

13.0 

11.8 

10.0 

8.7 

7.8 

7.6 

7.6 

6.8 

6.0 

5.2 

4.5 

4.L 

3.9 

3.5 

3.3 

3.2 

3.0 

3.0 

3.0 

3.5 
5.2 
7.0 
8.5 
7.3 
7.3 
0.8 
5.0 
4.1 
3.6 
3.6 
3.6 
3.0 
2.9 
2.7 
2.5 
2.5 
2.4 
2.4 
2.2 
2.1 
2.0 
2.0 
2.0 
2.0 
2.2 
2.5 
2.7 
2.4 
2.2 

2.5 
2.4 
2.2 
2.1 
2.8 
2.9 
2.9 
2.7 
2.4 
2.1 
1.8 
1.8 
1.5 
1.4 
1.3 
1.2 
1.2 
1.2 
1.1 
1.1 
1.1 
1.0 
1.1 
1.4 
.9 
1.2 
1.5 
1.5 
1.3 
1.5 
1.4 

0.1 
.1 
.1 
.1 

:2 
.1 
.1 
.1 

.1 

.2 
.2 
.1 
.1 
.1 
.1 
.1 
.1 
.1 
.1 
.1 
.1 
.1 
.1 
.1 
.1 

0.6 
.5 
.5 
.5 
.4 
.5 
1.0 
2.7 
4.7 
6.2 
7.5 
7.0 
4.8 
2.8 
2.6 
2.4 
2.8 
2.8 
3.3 
3.9 
3.4 
2.0 
2.2 
2.0 
1.9 
2.0 
2.0 
1.9 
1.5 
1.3 
1.2 

1.3 

1.1 

1.2 

1.4 

1.4 

1.4 

1.2 

1.0 

.9 

.7 

.5 

.5 

.5 

.5 

1.0 

.0 

.5 

.5 

.5 

.5 

.4 

.4 

.4 

.4 

.5 

.4 

.5 

.7 

.9 

.8 

.7 

0.6 
.5 
.3 
.2 
.2 
.1 
.1 
.1 
.1 
.0 
.0 
.0 
.0 
.1 
.0 
.0 
.0 
.0 
.0 
.1 
.1 
.0 
.0 
.0 
.0 

.1 
.1 

.0 

.1 

.2 

0.7 

1.2 

1.0 

.6 

.5 

.5 

.5 

2.5 

2.5 

1.7 

1.1 

1.3 

2.2 

2.6 

4.4 

6.0 

5.4 

4.4 

3.8 

1.8 

1.4 

1.3 

1.1 

1.0 

.9 

.9 

.9 

.9 

.9 

1.3 

1.5 
2.8 
4.7 
5.6 
3.6 
2.7 
2.2 
1.9 
1.7 
1.6 
1.5 
1.4 
1  5 
1.5 
1.6 
1.4 
1.7 
2.0 
2.0 
1.7 
1.4 
1.8 
1.3 
1.3 
1.1 
1.0 
1.0 
.9 
.9 
.8 
.8 

2 

3 

4 

5 

6 

7.... 

8 

0 

10 

11 

12 

13 

14 

15 

16::.:.:;::::... 

17 

18 

19 

20 

21 

22 

23 

24 

25 

26 

27 

28 

29 

30 

31 

<  Beoord  from  United  States  Engineer  Office. 


Lock  No.  5. — ^Tliis  id  a  site  for  a  projwsed  lock  to  improve  the  navi- 
gation of  the  Coosa  River.  It  is  about  6  miles  below  the  crossing  of 
the^  Southern  Railway  at  Riverside,  Alabama.  Blue  Eye  Greek  and 
Choccolocco  Creek  How  into  the  river  between  Riverside  and  Lock  Ko.5. 

The  record  of  gage  heights  furnished  by  the  United  States  Engineer 
Corps  is  presented  below : 

Coosa  River  at  Lock  No,  S,  Georgia,  for  189S, 


Day. 


Jan. 


Feb. 


1.. 
2.. 
8.. 
4.. 
5.. 

e.. 

7.- 
8.. 
9.. 

10.. 

U.. 

12.. 

18.. 

14.. 

15.. 

16.. 

17.. 

18.. 

19.. 

20.. 

21.. 

22.. 

23.. 

24.. 

26.. 

26.. 

27.. 

28.. 

29.. 

80.. 

31.. 


2.0 

2.8 

3.3 

3.7 

3.8 

3.3 

2.5 

2.2 

2.5 

3.5 

3.8 

4.4 

13.0 

16.5 

15.8 

14.8 

14.2 

14.4 

16.7 

18.4 

18.4 

17.3 

16.5 

15.7 

14.6 

13.  K 

12.2 

7.5 

4.5 

8.4 

3.0 


2.9 
2.7 
2.5 
2.4 
2.3 
2.2 
2.1 
2.5 
3.1 
3.0 
3.2 
3.0 
2.9 
2.3 
2.3 
2.4 
2.4 
2.5 
2.5 
2.4 
2.7 

}} 

5.6 
5.4 
4.5 
3.5 
3.1 
2.7 


Mar. 


Apr. 


2.5 
2.4 
2.3 
2.1 
2.0 
1.9 
2.1 
3.4 
5.4 
6.7 
7.2 
6.7 
•5.0 
3.7 
3.0 
2.7 
2.6 
2.4 
3.8 
4.0 
3.9 
3.5 
3.1 
4.9 
5.7 
7.2 
8.7 
8.7 
8.6 
8.0 
6.9 


4.9 

4.0 

3.6 

3.3 

3.0 

3.0 

16.8 

19.4 

18.2 

17.2 

17.1 

17.4 

17.1 

16.8 

16.1 

15.0 

18.6 

9.5 

6.3 

4.1 

3.7 

5.7 

5.7 

4.9 

4.0 

3.7 

3.3 

3.0 

2.8 

8.0 


May. 


June. 


3.0 
2.9 
2.8 
2.8 
2.5 
2.2 
2.1 
1.9 
2.1 
2.2 
2.3 
2.4 
2.5 
2.3 
2.1 
2.0 
1.9 
1.9 
2.1 
2.0 
2.2 
2.4 
2.3 
2.0 
1.9 
2.0 
1.7 
1.5 
1.6 
1.5 
1.5 


July. 


1.3 

2.6 

1.3 

2.7 

1.5 

1.5 

1.6 

1.2 

1.6 

1.1 

2.6 

1.1 

3.1 

1.0 

2.9 

2.3 

3.4 

2.2 

4.3 

2.0 

4.0 

1.8 

5.7 

1.5 

7.3 

2.0 

7.6 

1.4 

8.0 

1.2 

7.0 

1.1 

5.1 

1.1 

4.0 

1.1 

3.5 

1.1 

5.0 

1.3 

4.5 

2.3 

3  5 

2.5 

3.4 

2.3 

3.6 

3.2 

2.1 

3.0 

2.2 

2.8 

2.4 

2.3 

2.4 

1.5 

2.7 

1.3 

•  •  • 

1.1 

Aug. 


1.0 

1.0 

1.0 

.9 

1.0 

1.0 

.9 

.8 

.8 

.8 

.9 

.9 

1.0 

.9 

.9 

.8 

.8 

.9 

.8 

.8 

.9 

.9 

1.3 

1.7 

8.4 

4.3 

4.7 

8.5 

2.7 

2.1 

2.0 


Sept.    Oc 

5t. 

1.5      0 

.8 

1.5 

.7 

1.3 

.5 

1.0 

5 

1.0 

5 

.8 

.5 

.8 

.8 

.7 

.7 

.6 

.6 

.5 

.5 

.5 

.6 

1.0 

.8 

1.3 

.3 

1.7 

.3 

2.0 

.3 

2.5 

.3 

3.8 

.3 

3.8 

.8 

2.4 

.8 

2.0 

.8 

1.4 

.2 

1.2 

2 

.9 

.2 

.8 

2 

3 

Kov. !    Dec. 


0.2 

.2 

.2 

.3 

.4 

.3 

.5 

.8 

2.0 

1.8 

3.5 

4.5 

3.8 

2.7 

2.1 

1.9 

2.0 

1.7 

1.7 

2.1 

2.0 

1.7 

1.7 

1.5 

1.3 

1.1 

1.2 

1.1 

1.3 

1.8 


1.9 
1.6 
1.4 
1.3 
1.1 
1.5 
1.4 
15 
1.9 
2.0 
1.5 
l.G 
1.3 
1.2 
1.6 
1.8 
2.1 
2.4 
3.4 
4.4 
6l1 
6.6 
6.4 
5.5 
4.5 
3.1 
2.7 
3.4 
1.9 
1.6 
1.5 
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Cooaa  Biver  at  Lock  No.  5,  Georgia,  for  189S. 


Day. 

Jan. 

Feb. 

Mar. 

5.0 
5.1 
5.6 
5.6 
6.1 
5.9 
4.6 
4.6 
5.7 
6.4 
7.3 
7.5 
6.4 
5.6 
4.6 
4.0 
3.4 
3.1 
2.9 
2.6 
2.6 
2.4 
2.8 
2.8 
3.8 
3.9 
3.7 
3.4 
2.8 
2.4 
2.3 

Apr. 

2.1 
2.1 
2.0 
1.9 
2.1 
2.2 
2.3 
2.3 
2.3 
2.2 
2.0 
1.8 
1.8 
2.0 
2.2 
2.6 
2.7 
2.7 
2.7 
2.2 
2.3 
2.4 

**3.'6' 

May. 

June. 

July. 

> 

l.l 
1.0 
1.0 
1.0 
1.0 
1.0 
1.0 
.9 
.8 
.8 
.7 
.7 
.7 
;6 
.6 
.0 
.6 
.6 
.5 
.5 
.5 
.5 
.5 
.5 
.5 
.5 
.5 
.5 
.6 
.5 
.5 

Aug. 

1 

2 

3 

3.4 

3.0 

2.6 

2.4 

2.1 

2.0 

1.8 

1.8 

1.8 

1.9 

2.3 

4.7 

7.1 

8.0 

12.3 

18.1 

17.4 

15. 8 

14.0 

13.7 

12.9 

12.4 

10.4 

9.7 

7.5 

4.4 

3.6 

4.5 

2.8 
3.5 
6.3 
0.9 
11.5 
10.6 
19.1 
7.6 
6.3 
6.7 
4.6 
3.7 
3.2 
2.7 
2.6 
2.3 
2.1 
2.0 
2.0 
2.0 
1.8 
1.7 
1.6 
1.4 
1.3 
1.3 
1.2 
2.8 
3.4 
3.5 
8.6 

4.7 
5.5 
5.9 
5.2 
5.1 
5.0 
5.0 
6.2 
7.2 
7.2 
4.9 
3.9 
2.7 
2.2 
2.0 
1.7 
1.6 
1.6 
1.5 
1.4 
1.4 
1.5 
1.5 
l.O 
1.8 
1.9 
2.7 
2.1 
1.5 
1.2 

0.5 
.5 
.5 

4 

6 

6 

.6 

.8 

1.1 

7 

8    

"i.5' 
1.3 
1.2 
1.2 
1.2 
1.1 
1.2 
1.2 
1.8 
1.5 
1.6 
1.9 
1.7 
1.6 
1.5 
l.l 
1.3 
1.3 
1.7 
2.0 
2.9 
3.9 
3.9 
3.8 

1.4 
1.7 

9 

10 

1.8 
1.2 

11 

.8 

12 

13 

14 

15 

.8 

.8 

1.0 

1.0 

.8 

17 

.8 

18 

.9 

19 

20 

.7 

21 

22 

.6 
.4 

23 

.3 

24 

.3 

25 

.3 

26 

.2 

27 

.3 

38 

.2 

19 

.2 

30 

.2 

31 

.2 

Sept. 


0.2 

.3 

.3 

.5 

.9 

.7 

.4 

.3 

.3 

.3 

.5 

.9 

1.6 

1.9 

1.9 

2.0 

1.8 

1.6 

1.0 

.7 

.6 

.4 

.4 

.4 

.3 

.3 

.3 

.2 

.2 

.2 


Oct. 


Nov. 


Dec. 


0.2 
.3 
.3 
.3 
.5 
.6 

1.0 

1.0 
.8 
.8 
.5 
.3 
.8 
.3 
.3 
.3 
.3 
.3 
.8 
.4 
.4 
.5 
.4 
.4 
.4 
.3 
.3 
.2 
.2 
.5 

1.1 


Coo9a  River  at  Lock  No.  6,  Georgia,  for  1894. 


D-J. 

Jan. 

1.4 
1.1 
1.1 
1.0 
.9 
.8 
1.5 
2.9 
2.8 
6.7 
7.4 
7.5 
6.0 
4.6 
8.6 
8.6 
8.3 
8.3 
8.3 
2.9 
2.5 
2.4 
2.6 
2.5 
2.4 
2.1 
1.9 
1.7 
1.6 
1.5 
1.4 

Feb. 

1.3 
1.2 
1.2 
1.3 
1.7 
2.3 
3.1 
8.2 
3.7 
4.8 
4.2 
4.7 
6.1 
6.3 
6.4 
5.7 
4.6 
4.8 
3.6 
3.7 
4.3 
4.6 
4.1 
3.4 
8.5 
4.0 
4.0 
4.4 

Mar. 

5.0 
5.3 
5.2 
4.5 
4.0 
3.4 
3.0 
2.7 
2.6 
2.5 
2.1 
3.2 
3.5 
8.8 
3.3 
3.4 
4.5 
3.9 
3.2 
3.0 
5.3 
6.3 
6.9 
6.3 
5.3 
4.0 
3.2 
2.7 
2.3 
2.1 
1.9 

Apr. 

1.8 
2.0 
2.8 
2.6 
2.2 
2.8 
2.4 
2.2 
2.0 
2.5 
3.3 
8.1 
3.0 
3.1 
2.7 
2.3 
2.0 
1.7 
1.6 
2.0 
1.9 
1.9 
2.0 
1.8 
1.6 
1.4 
1.3 
1.2 
1.2 
1.1 

May. 

June. 

July. 

0.5 
.4 
.3 
.3 
.2 
.2 
.6 
.7 
.7 
.8 
.9 
.6 
.4 
.3 
.3 
.3 
.2 
.2 
.2 
.4 
.8 
.9 
.7 
.8 
.9 

1.1 
.9 
.5 

1.2 

1.0 
.6 

Aug. 

Sept 

0.8 

1.0 

.8 

.5 

.8 

.2 

.2 

1.3 

.2 

.3 

.3 

.6 

.8 

.7 

.5 

.3 

.3 

.8 

1.0 

1.7 

2.3 

1.8 

1.0 

.6 

.3 

.3 

.2 

.2 

.1 

.1 

Oct. 

Nov. 

Dec. 

1 

1.1 

1.0 

1.0 

1.0 

1.0 

1.0 

1.0 

1.0 

.8 

.8 

.8 

1.7 

1.3 

1.3 

1.3 

1.5 

1.7 

1.8 

1.5 

1.5 

1.0 

1.0 

1.0 

.9 

.8 

.8 

.8 

.7 

.7 

.6 

.5 

0.5 
.5 
.5 
.5 
.4 
.4 
.4 
.8 
.3 
.3 
.3 
.2 
.2 
.2 
.2 
.2 
.1 
.2 
.3 
.4 
.5 
.6 
.6 
.5 
.8 
1.5 
1.4 
1.0 
.7 
.5 

0.5 

.5 

.6 

.7 

.6 

.5 

.5 

.8 

.6 

.5 

.4 

.2 

.2 

.2 

.2 

.1 

.1 

.1 

.1 

.1 

.1 

.3 

.8 

1.7 

1.5 

1.7 

1.2 

.7 

2.2 

L6 

1.2 

0.0 
.0 
.1 
.8 
.2 
.2 
.2 
.2 
.2 
.2 
.2 
.2 
.2 
.2 
.2 
.8 
.2 
.2 
.2 
.2 
.3 
.3 
.3 
.3 
.3 

:1 

.2 
.2 

0.2 
.2 
.2 

!o 

.0 
.0 
.0 
.0 
.0 

.2 
.2 
.3 
.2 
.2 

0.2 

.1 

.1 

.1 

.1 

.1 

.1 

.1 

.1 

.3 

.5 

2.4 

3.8 

6.7 

7.0 

6.7 

3.6 

1.9 

1.2 

1.0 

.9 

.8 

.6 

.5 

.5 

.6 

3.2 

4.5 

5.5 

5.7 

4.6 

% 

3 

4 

S 

6 

7 

8 

9 

10 

U 

12 

18 

14 

15 

1« 

17 

18 

1» 

20 

21 

22 

23 

24 

25 

20 

27 

28 

2J.... 

30 ; ;. 

31 ;.;i... 

u^ 
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Coosa  River  *  at  Look  No.  6,  Georgia^  for  1896, 


DaJ^ 


1 

8 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

10 

ao 

21 

22 

23 

24 

26 

26 

27 

28 

29 

30 

31 


Jan. 

Feb. 

Mar. 
2.2 

Apr. 

May. 

June. 

July. 

Aug. 

Sept.    Oc 

St. 

3.0 

5.8 

a.u 

8.0 

2.7 

1.9 

0.6 

1.6       0 

.3 

1.9 

5.6 

8.5 

2.9 

2.8 

2.1 

2.2 

.6 

1.5 

.3 

1.6 

6.3 

5.8 

2.7 

2.7 

1.9 

8.4 

.6 

1.4 

2 

1.4 

6.4 

6.8 

2.5 

8.8 

1.6 

4.2 

.6 

1.3 

.2 

1.4 

6.5 

7.0 

2.4 

2.8 

1.5 

4.5 

.4 

2.1 

.2 

1.4 

6.0 

6.4 

2.3 

2.5 

1.6 

6.7 

.4 

1.6 

2 

1.4 

6.2 

5.5 

2.1 

2.4 

1.6 

2.9 

.4 

1.4 

.2 

3.9 

4.8 

4.6 

6.8 

2.9 

1.9 

2.6 

.5 

1.8 

.2 

10.5 

4.4 

4.0 

8.6 

8.5 

2.3 

4.1 

.5 

1.2 

.2 

12.9 

4.0 

3.6 

8.7 

3.6 

1.9 

6.4 

.6 

.9 

.2 

12.6 

3.5 

3.8 

8.0 

3.7 

1.3 

6.0 

1.0 

.9 

.2 

12.0 

3.0 

3.3 

6.9 

8.7 

1.3 

5.2 

1.1 

.8 

.2 

11.4 

2.9 

3.3 

5.0 

3.5 

1.4 

3.4 

l.O 

.8 

.2 

11.3 

2.8 

5.1 

3.6 

2.9 

1.4 

3.4 

1.3 

.7 

.2 

11.3 

2.6 

8.6 

3.0 

3.0 

1.4 

1.9 

1.5 

.6 

.2 

11.3 

2.8 

13.8 

2.8 

2.9 

1.3 

2.0 

1.3 

.6 

.2 

11.4 

2.2 

13.6 

3.4 

2.4 

1.3 

1.8 

1.5 

.6 

9.5 

2.2 

12.5 

4.0 

2.0 

1.3 

1.6 

2.0 

.6 

6.5 

2.2 

11.3 

5.5 

1.9 

1.4 

1.4 

4.0 

.7 

4.8 

2.6 

10.3 

6.1 

1.7 

1.5 

1.2 

5,1 

.8 

4.4 

2.9 

10.8 

5.1 

1.7 

2.4 

1.2 

4.0 

.7 

0.9 

3.2 

10.7 

3.8 

1.6 

1.7 

1.0 

6.1 

.6 

8.1 

8.4 

10.9 

3.1 

1.5 

1.7 

1.0 

5.2 

.5 

7.0 

8.5 

10.6 

2.7 

1.4 

1.1 

1.0 

4.6 

.6 

6.8 

3.1 

10.0 

2.5 

1.5 

1.1 

1.0 

3.6 

.4 

7.1 

2.7 

9.0 

2.3 

2.0 

1.2 

.9 

2.4 

.3 

6.8 

2.5 

7.2 

2.4 

3.6 

l.l 

.8 

1.8 

.3 

6.5 

2.8 

5.1 

2.6 

5.6 

1.0 

.8 

1.6 

.3 

6.7 

4.0 

3.3 

6.2 

.9 

.8 

1.6 

.3 

6.5 

3.6 

8.8 

5.3 

1.9 

.8 

2.1 

.8 

6.3 

3.3 

3.8 

.7 

1.9 

Nov. 


0. 


.6 
.5 
.3 
.2 
.2 
.5 
.6 
.7 
.7 
.9 
.7 
.6 
.5 
.5 
.4 
.3 
.3 
.3 
.3 
.3 
.3 
.3 
.3 
.3 
.3 
.3 


Dec. 


0.3 
.3 
.3 
.3 
.3 
.3 
.3 
.2 
.2 
.2 
.2 
.2 
.3 
.6 
.5 
.5 
.5 
.5 
.5 
.5 
.5 
.6 
.7 
.8 
.8 
1.1 
1.2 
1.2 
1.8 
1.4 
L6 


Coo9a  River  ^  at  Loch  No.  5,  Georgia,  for  1896. 


Day. 

Jan. 

Feb. 

Mar. 

Apr. 

May. 

June. 

July. 

Aug. 

Sept. 

Oct 

Nov. 

Deo. 

1 

2.0 
2.1 
1.9 
1.6 
1.4 
1.1 
1.1 
1.0 
1.0 
.9 
1.0 
1.1 
1.1 
.9 
.9 
.9 
1.5 
1.8 
1.8 
2.2 
1.9 
2.3 
4.6 
6.0 
6.7 
7.1 
6.7 
6.5 
4.3 
3.1 
2.4 

2.1 
1.9 
1.7 
1.7 
1.6 
3.5 
7.1 
8.6 
10.2 
9.9 
9.4 
8.6 
7.2 
5.7 
5.0 
4.9 
4.7 
4.1 
8.5 
2.9 
2.5 
2.2 
2.0 
1.9 
1.8 
1.7 
1.5 
1.6 
1.6 

1.8 
1.7 
1.5 
1.6 
1.6 
1.4 
1.6 
1.7 
1.6 
1.5 
2.1 
2.6 
3.0 
2.7 
2.4 
1.2 
2.7 
3.3 
3.7 
4.8 
5.2 
4.8 
4.0 
3.4 
3.0 
2.6 
2.4 
2.2 
2.0 
1.9 
1.8 

1.7 
2.6 
4.0 
5.2 
5.5 
4.5 
3.8 
2.8 
2.2 
1.9 
1.8 
1.7 
1.6 
1.5 
1.4 
1.3 
1.2 
1.1 
1.1 
1.1 
1.0 
.9 
.9 
.9 
.9 
.9 
1.1 
1.3 
1.1 
1.0 

1.1 

1.1 

1.0 

1.0 

1.3 

1.4 

1.3 

1.2 

1.0 

.9 

.8 

.7 

.6 

.6 

.5 

.4 

.4 

.4 

.4 

.3 

.3 

.3 

.3 

.4 

.4 

.5 

.6 

.6 

.6 

.5 

.6 

0.7 
.7 
.6 
.8 
.9 
.9 
.8 
.7 
.6 
.7 

1.0 
.8 
.7 
.6 
.6 
.5 
.4 
.3 
.3 
.3 
.3 
.3 
.5 
.6 
.5 
.2 
.2 
.2 
.2 
.2 

0.1 

"4.2" 

2.7 

1.5 

1.0 

1.0 

1.4 

1.4 

1.5 

1.9 

1.6 

1.3 

1.0 

.9 

.9 

.9 

.9 

.8 

.6 

.6 

.4 

0.4 

0.1 
.1 
.1 

:i 

.2 
.2 
.2 
.8 
.3 
.3 
.3 
.3 
.3 
.3 
.3 
.8 
.3 
.3 
.3 
.3 
.1 
.2 
.3 
.3 
.3 
.8 
.3 
.3 
.3 

0.3 
.6 
1.0 
1.3 
.8 
.4 
.2 
.1 
.1 
.1 
.1 
.2 
.2 
.2 
.2 
.2 
.2 
.2 
.2 
.2 
.2 
.2 
.2 
.2 
.2 
.2 
.2 
.2 
.1 
.1 
.1 

O.l 
.5 
.3 
.2 
.1 
.1 
.1 

"i.'o" 
.7 
.4 
.4 

.8 

1.0 

2.0 

3.3 

3.0 

2.3 

1.3 

.8 

.6 

.4 

..4 
.4 
.3 
.2 
.2 
.3 
.8 
.4 

0.6 
1.1 
2.3 
2.8 
1.8 
1.2 
.9 
.8 

!3 
.8 
.2 
.2 
.2 
.2 
.2 

2 

3 

4 

6 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

26 

27 

28 

29 

30 

31 

>  Record  fh>m  United  Statea  Engineer  Office. 
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Block  Warrior  River  ^  at  I^ealooaa,  Alahafna,  far  1889, 


Day. 

Jan. 

Feb. 

Mar. 

Apr. 

May. 

June. 

July. 

Aug. 

Sept. 
0.75 

Oct. 

Nor. 

Dec. 

1.... 

15.00 

23.60 

18.80 

8.60 

8.80 

2.80 

2.40 

3.70 

2.40 

0.90 

6.00 

a.... 

19.60 

20.60 

16.50 

9.80 

14.60 

2.90 

8.10 

8.60 

7.80 

1.95 

1.05 

5.65 

3.... 

18.00 

17.50 

25.00 

10.30 

13.20 

2.75 

4.40 

8.00 

6.4b 

1.55 

1.86 

6.30 

4.... 

19.00 

14.80 

31.50 

11.60 

11.00 

2.60 

5.10 

2.95 

5.30 

1.30 

1.90 

4.80 

5.... 

25.00 

13.00 

20.40 

10.60 

8.50 

2.30 

6.25 

2.90 

6.20 

1.15 

3.85 

4.60 

•.... 

33.00 

11.50 

26.50 

9.60 

7.00 

2.10 

6.86 

3.70 

9.80 

1.05 

3.65 

4.20 

7...- 

33.60 

10.40 

23.00 

8.40 

6.80 

1.00 

6.46 

3.46 

14.90 

.90 

3.30 

4.00 

8.... 

29.60 

9.30 

20.10 

7.10 

4.60 

1.70 

5.70 

2.96 

19.00 

.70 

8.00 

3.80 

».... 

20.80 

8.30 

17.50 

6.80 

4.80 

2.00 

4.76 

2.60 

14.00 

.50 

2.75 

3.60 

10..-. 

28.40 

8.00 

15.00 

6.40 

400 

2.60 

S.86 

2.00 

9.90 

.40 

2.55 

3.40 

11.... 

20.00 

7.80 

12.80 

6.80 

3.80 

2.86 

3.06 

1.75 

5.50 

.30 

3.65 

3.20 

12.... 

25.50 

7.60 

11.00 

6.00 

3.20 

4.20 

2.85 

1.65 

6.26 

.30 

4.30 

2.95 

18.... 

22.60 

7.30 

10.00 

6.60 

3.00 

3.40 

2.45 

8.85 

4.16 

.20 

4.15 

2.75 

M..-. 

19.00 

7.00 

9.20 

6.60 

3.10 

4.00 

2.15 

8.60 

3.30 

.15 

3.75 

2.70 

15.... 

16.00 

7.30 

8.80 

8.00 

8.20 

3.45 

1.95 

8.36 

2.70 

.15 

3.50 

2.65 

16.... 

13.00 

27.80 

8.10 

16.80 

3.00 

3.25 

4.20 

3.16 

2.26 

.16 

4.20 

2.60 

17.... 

29.00 

40.00 

7.20 

16.70 

2.80 

3.05 

7.35 

3.80 

2.00 

.10 

6.20 

2.30 

18.... 

40.50 

56.40 

7.10 

14.00 

2.50 

2.86 

11.36 

3.50 

1.66 

.10 

12.45 

2.20 

19.... 

38.50 

56.60 

11.00 

12.00 

2.35 

2.66 

11.60 

3.20 

1.40 

.05 

18.90 

2.10 

20.... 

34.00 

63.00 

12.60 

10.00 

2.25 

2.45 

8.40 

2.90 

1.80 

.05 

16.90 

2.05 

21.... 

30.30 

47.00 

12.30 

8.90 

2.06 

2.26 

4.00 

2.40 

1.20 

.05 

14.10 

2.00 

22.... 

28.10 

41.60 

11.80 

8.00 

1.85 

3.25 

4.66 

1.90 

1.10 

.00 

11.70 

2.00 

23.... 

28.00 

36.60 

10.80 

7.00 

1.65 

3.45 

4.60 

1.50 

1.00 

—  .10 

9.70 

2.00 

24.... 

23.10 

32.60 

10.00 

6.40 

1.50 

3.20 

3.70 

1.20 

1.00 

—  .30 

7.90 

2.00 

26.... 

21.00 

28.60 

0.80 

6.30 

1.30 

3.00 

3.15 

.90 

.95 

.15 

6.60 

1.95 

2«..,. 

20.40 

26.60 

11.20 

6.80 

1.26 

2.40 

3.10 

.75 

2.26 

-i-  .10 

6.30 

1.95 

27.... 

28.00 

23.60 

11.80 

6.50 

1.15 

1.96 

4.55 

1.00 

3.70 

.85 

6.10 

1.95 

28... 

33.50 

21.40 

12.30 

6.20 

1.05 

1.56 

4.05 

.95 

8.60 

.36 

6.90 

1.90 

29.... 

33.80 

11.00 

6.80 

.96 

1.26 

4.00 

.90 

3.25 

.40 

5.80 

1.90 

30.... 

30.00 

10.60 

6.60 

1.16 

1.10 

4.00 

1.10 

2.60 

.90 

6.30 

3.00 

31.... 

27.00 

9.80 

1.10 

3.80 

1.05 

1.00 

4.85 

Black  Warrior  River  ^  at  Tuacaloo»af  Alabama^  for  1890, 


Day. 

Jan. 

Feb. 

Mar. 

Apr. 

May. 

June. 

July. 

Aug. 
5.0O 

Sept. 
8.00 

Oct. 

Nov. 

Dec. 

1 

7.70 

80.20 

68.90 

24.50 

16.70 

7.75 

1.80 

9.30 

3.76 

1.00 

2 

7.20 

26.20 

57.40 

34.50 

13.70 

6.60 

1.65 

4.05 

5.80 

7.40 

3.85 

1.00 

3 

6.20 

22.60 

62.40 

34.10 

11.05 

5.65 

1.46 

3.25 

4.85 

6.10 

'3.10 

1.00 

4 

5.20 

19.06 

45.80 

43.60 

12.76 

5.00 

1.26 

2.86 

8.40 

5.10 

2.85 

1.00 

5 

5.20 

16.40 

40.85 

45.90 

14.65 

4.40 

1.10 

3.15 

3.10 

4.40 

2.55 

1.00 

6 

4.80 

13.90 

37.15 

44.60 

16.50 

4.00 

.80 

3.35 

3.86 

3.80 

2.40 

1.00 

7 

4.60 

12.10 

35.40 

38.70 

15.00 

5.20 

.60 

3.75 

4.35 

3.60 

2.25 

1.20 

8 

4.65 

44.30 

32.60 

34.00 

13. 6U 

5.60 

.50 

4.55 

4.80 

3.45 

2.16 

10.05 

9 

5.10 

63.95 

30.60 

29.95 

11.95 

5.40 

.45 

4.30 

2.85 

4.50 

2.05 

10.10 

10 

5.80 

52.90 

27.60 

26.70 

10.10 

5.25 

.30 

4.30 

3.20 

4.45 

2.00 

8.95 

11 

5.60 

47.60 

26.00 

23.45 

9.30 

5.00 

.20 

6.10 

2.90 

4.10 

1.95 

7.10 

12 

5.46 

42.20 

23.00 

20.45 

8.35 

6.00 

.15 

6.40 

3.45 

3.80 

1.75 

5.80 

13 

5.30 

87.20 

20.75 

17.45 

8.35 

6.20 

.05 

5.30 

8.95 

3.50 

1.65 

4.  GO 

14 

6.20 

82.66 

22.50 

14.50 

9.00 

6.20 

1.05 

4.50 

5.80 

3.20 

1.60 

3.70 

15 

6.00 

29.45 

38.20 

12.15 

8.75 

5.60 

2.55 

8.20 

5.55 

2.80 

1.60 

3.30 

18 

11.20 

26.96 

38.00 

10.65 

8.65 

5.05 

3.10 

2.80 

4.60 

2.70 

1.55 

2.95 

17 

19.80 

23.06 

35.80 

10.35 

9.50 

4.85 

3.55 

2.50 

3.55 

2.60 

1.65 

2.80 

18 

21.00 

21.46 

32.30 

12.95 

8.90 

4.30 

3.65 

2.70 

2.90 

2.-40 

1.60 

2.75 

19 

18.40 

18.46 

20.00 

13.20 

8.15 

4.20 

4.15 

2.56 

2.45 

2.30 

1.55 

2.20 

20 

15.40 

15.65 

27.20 

13.95 

7.95 

3.70 

4.75 

2.40 

2.10 

2.10 

1.50 

2.00 

21 

13.30 

13.45 

32.40 

12.15 

7.95 

3.20 

4.20 

2.20 

1.76 

2.00 

1.50 

2.00 

22 

11.60 

12.00 

34.45 

10.45 

0.00 

2.80 

3.U0 

1.80 

1.70 

2.46 

1.45 

1.90 

23 

10.10 

10.40 

41.25 

9.30 

8.40 

2.50 

2.10 

1.40 

8.06 

4.90 

l.a'i 

1.90 

24 

10.70 

9.40 

40.25 

10.65 

7.65 

2.25 

1.75 

1.10 

3.10 

8.46 

1.30 

1.80 

26 

12.60 

9.60 

36.75 

15.45 

6.95 

2.25 

2.75 

1.00 

13.05 

10.55 

1.25 

1.80 

26 

13.50 

13.60 

33.35 

26.50 

6.85 

2.15 

12.66 

.95 

23.90 

9.00 

1.20 

2.30 

27 

12.80 

36.20 

29.70 

28.45 

9.60 

2.55 

13.40 

.95 

22.66 

8.05 

1.15 

6.80 

28 

11.  ao 

53.10 

27.45 

26.20 

13.20 

2.25 

10.50 

5.10 

18.00 

6.45 

1.10 

9.70 

20 

10.  eo 

24.55 

28.35 

13.55 

2.05 

9.30 

0.56 

14.70 

5.30 

1.05 

10.20 

30 

17.60 

21.95 

19.80 

11.95 

1.00 

7.45 

9.15 

11.90 

4.90 

1.00 

9.10 

81 

81.70 

laso 

9.25 

6.50 

10.45 

4.15 

7.30 

iBecord  from  United  SUtea  Engineer  Office. 
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RTVER   HEIGHTS   FOR   1896. 


(nail. 


Black  Jfarrior  River  ^  at  Tutcalooaa,  Alabama,  for  189U 


Day. 

Jan. 

Feb. 

Mar. 

Apr. 

May. 

June. 

July. 

Aug. 
6.50 

Sept. 

Oct. 

Nov. 

Dec. 

1... 

9.10 

33.20 

24.00 

34.00 

5.70 

1.80 

2.10 

1.00 

—0.40 

-0.80 

3.40 

2... 

8.00 

39.60 

23.50 

30.40 

5.60 

1.90 

2.00 

13.00 

1.00 

—  .30 

-  .80 

3.00 

3... 

14.30 

40.90 

20.50 

36.80 

6.30 

1.80 

1.00 

14.80 

1.00 

-  .20 

-  .80 

2.40 

4... 

17.90 

40.20 

19.60 

32.50 

4.90 

1.70 

1.80 

16.00 

.80 

—  .20 

—  .80 

6.20 

5... 

15.20 

30.30 

17.20 

28.50 

4.50 

1.50 

1.50 

13.00 

.70 

-  .20 

-  .80 

0.80 

6... 

13.10 

36.30 

29.00 

25.00 

4.50 

1.40 

1.30 

0.50 

.60 

.20 

-.80 

21.50 

7... 

ILIO 

37.00 

58.00 

22.20 

4.20 

1.40 

1.40 

7.40 

.60 

—  .40 

-  .80 

19.50 

8... 

10.00 

61.50 

58.00 

10.00 

4.00 

1.50 

2.10 

5.80 

.60 

—  .60 

—  .80 

20.00 

9... 

9.50 

51.50 

60.40 

16.00 

3.90 

2.10 

7.00 

5.40 

.60 

.60 

-  .80 

20.50 

10... 

17.50 

52.20 

68.00 

14.20 

3.50 

2.80 

10.40 

8.70 

.60 

—  .70 

+  .70 

17.00 

11... 

20.90 

53.50 

64.00 

17.20 

3.20 

3.50 

8.20 

3.10 

.70 

—  .80 

XIO 

14.00 

12... 

26.30 

50.50 

48.00 

27.00 

8.20 

10.20 

6.00 

2.70 

1.00 

-  .80 

2.80 

11.50 

13... 

30.10 

47.60 

43.00 

26.00 

3.10 

10.60 

4.30 

2.50 

1.20 

-  .80 

4.40 

9.00 

14... 

25.50 

51.40 

40.00 

22.50 

3.00 

9.80 

3.20 

3.00 

L20 

—  .80 

3.80 

6.20 

15... 

21.00 

49.50 

36.50 

19.50 

2.80 

8.00 

2.30 

3.40 

1.00 

—  .60 

2.50 

7.00 

16... 

18.50 

46.50 

33.20 

17.20 

2.60 

6.60 

2.60 

4.00 

1.00 

—  .70 

2.00 

9.00 

17... 

17.10 

44.30 

30.00 

15.60 

2.50 

5.60 

2.60 

3.00 

.60 

—  .70 

1.80 

11.00 

18... 

17.70 

41.00 

28.00 

16.40 

2.50 

6.30 

2.90 

2.60 

.20 

—  .70 

1.80 

11.20 

19... 

17.10 

37.50 

26.40 

14.50 

2.50 

7.20 

2.60 

2.20 

.10 

-  .60* 

1.60 

10.00 

20... 

15.60 

35.00 

24.00 

13.40 

2.60 

7.00 

2.20 

2.00 

.10 

-  .70 

1.30 

8.50 

21... 

12.60 

33.50 

21.00 

12.00 

2.50 

6.00 

1.80 

1.50 

.10 

-.70 

1.40 

7.00 

22... 

20.20 

39.50 

19.90 

11.00 

2.70 

5.50 

1.60 

1.50 

.10 

-  .60 

8.00 

6.00 

23... 

31.60 

41.00 

17.50 

10.00 

3.00 

5.20 

1.40 

1.40 

.10 

-  .60 

8.00 

6.00 

24... 

31.80 

39.00 

15.00 

9.00 

3.00 

4.80 

1.30 

1.30 

.10 

—  .50 

12.30 

6.20 

25... 

30.10 

36.50 

12.50 

8.20 

2.80 

4.50 

1.40 

1.20 

.00 

-  .50 

13.30 

7.50 

26... 

30.70 

33.00 

12.10 

7.60 

2.60 

4.20 

2.60 

1.10 

.00 

—  .50 

10.80 

13.20 

27... 

29.00 

29.00 

15.00 

8.40 

2.50 

4.10 

2.00 

1.10 

—  .20 

-  .70 

7.20 

3L00 

28... 

26.80 

26.50 

18.20 

8.0U 

2.40 

3.70 

2.20 

1. 00 

—  .20 

-  .80 

6.80 

38.90 

29. .. 

23.70 

19.40 

7.30 

2.30 

2.90 

2.00 

1. 00 

—  .40 

—  .80 

4.20 

31.20 

30... 

32.70 

18.00 

6.50 

2.10 

2.50 

2.10 

1.10 

—  .50 

-  .80 

3.80 

27.00 

31... 

33.00 



17.00 

2.00 

2.40 

1.00 

-  .80 

22.10 

niaok  Warri4n-  River ^  at  TueeaUosa,  Alabama,  for  289^. 


Day. 


I. 

2. 

3. 

4. 

6. 

6. 

7. 

8 

9. 
10. 
11. 
12. 
13. 
14. 
15. 
16. 
17. 
18. 
19. 
20. 
21. 
22. 
23. 
24. 
25. 
26. 
27. 
28. 
29. 
30. 
31. 


Jan. 


17.90 
16.90 
18.60 
18.70 
16.40 
14.60 
13.00 
11.60 
10.80 
10.50 
25.70 
34.80 
53.00 
57.40 
56i90 
51.70 
45.00 
40.10 
36.60 
41.50 
41.00 
36.80 
34.40 
31.00 
28.60 
26.00 
23.80 
21.50 
19.00 
16.80 
14.00 


12.20 

10.50 

9.40 

8.50 

7.80 

7.40 

7.80 

7.50 

9.00 

16.00 

13.00 

11.30 

10.80 

9.50 

9.00 

10.00 

11.80 

11.00 

9.90 

10.50 

13.50 

18.00 

23.90 

21.20 

18.50 

16.00 

14.00 

12.50 

11.50 


10.70 
10.30 
9.70 
8.80 
8.00 
7.80 
8.00 
16.50 
26.80 
28.50 
26.70 
22.00 
18.00 
15.80 
13.80 
13.30 
11.20 
12.90 
24.00 
26.60 
22.90 
2U.0O 
18.30 
22.00 
29.00 
32.00 
35.80 
34.00 
30.50 
36.80 
23.90 


Apr. 


21.80 
18.30 
15.50 
16.20 
12.00 
11.60 
56.30 
63.20 
62.20 
58.00 
52.30 
45.40 
40.70 
36.50 
32.80 
29.50 
27.00 
24.50 
22.40 
20.20 
18.10 
15.90 
13.80 
12.30 
11.30 
10.50 
8.80 


7. 
7. 


May. 


90 
70 


10.50 


12.00 
11.20 
9.90 
8.80 
7.20 
6.50 
5.90 
5.30 
5.20 
4.00 
4.00 
4.80 
4.70 
4.60 
4.50 
4.00 
3.70 
3.60 
4.30 
4.60 
6.50 
6.30 
6.00 


00 
80 
50 
70 
00 
3.80 
3.50 
3.50 


Jane. 

July. 

3.40 

4.60 

3.20 

3.00 

3.50 

3.40 

3.70 

3.00 

3.60 

2.90 

4.70 

3.50 

5.00 

5.20 

4.90 

11.00 

4.10 
4.00 
3.80 
3.50 
3.30 
2.80 
2,50 
2.40 
OO 
80 
10 
90 
.40 
.80 

10- ^« 
8" 


2' 
1' 
2*. 
3* 

r 

10* 


40 
'.80 

loo 
:.2o 

J.  20 
^4C 


26.70 
43.50 
46.  2U 
41.40 
38.30 
37.50 
34.80 
:{2.80 
41.40 
38.00 
33.00 
29.00 
28.30 
29.30 
25.10 
21.50 
18.80 
15.80 
13.00 
10.50 
7.80 
6.20 
5.50 


Aug. 

Sept 

4.80 

9.30 

3.20 

7.60 

7.00 

6.50 

7.40 

5.60 

6.60 

4.90 

5.40 

4.90 

4.80 

4.80 

3.90 

6.40 

3.60 

6.20 

3.  .SO 

5.40 

3.00 

5.10 

3.00 

3.90 

3.3U 

3.40 

3.10 

3.30 

3.90 

4.(H> 

.^50 

5.10 

3.50 

4.90 

6.00 

4.30 

9.50 

6.00 

11.50 

18.30 

9.50 

23.90 

7.40 

20.90 

10.20 

17.00 

12.30 

13. 30 

14.00 

10.50 

14.20 

8.00 

13.20 

6.10 

11.50 

6.00 

12.00 

4.90 

11.50 

4.-10 

10.50 

«  «  «  -  » 

3.90 

3.50 

3.30 

3.10 

2.80 

2.50 

2.40 

2.20 

2.10 

2.00 

2.00 

2.00 

2.00 

1.00 

1.90 

1.90 

1.80 

1.70 

1.00 

1.00 

.90 

.90 

.90 

1.00 

1.00 

.90 

.80 

.70 

.70 

.50 


."iO 


0.40 
.40 
1.20 
1.60 
1.60 
1.60 
2.00 
3.90 
4.60 
8.90 
10.90 
8.30 
7.60 
6.80 
5.00 
4.50 
4.00 
4.20 
4.40 
4.70 
6.00 
4.80 
4.50 
4.20 
3  80 
3.50 
3.30 
3.20 
3.90 
5.90 


5.90 

6.00 

5.30 

4.90 

6.30 

7.50 

7.50 

12.20 

16.00 

13.20 

11.00 

9.40 

8.00 

7.40 

8.60 

10.30 

13. 10 

26.70 

28.40 

28.40 

36.50 

35.80 

31.50 

27.00 

23.00 

19.60 

16.  OU 

13.60 

11.40 

9.80 

8.50 


1  Record  from  United  States  Engineer  Office. 
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Black  Warrior  River  ^  at  Tuaealooaaf  Alabama,  for  1893. 


1. 
2. 
3. 
4. 
5. 
6. 

m 

I. 

8. 

9. 
10. 
11. 
12. 
13. 
U. 
U. 
16. 
17. 
18. 
19. 

au. 

21. 
22. 
23. 
24. 
23. 


8.20 

8.60 

0.80 

10.70 

10.10 

9.00 

&40 

7.90 

7.00 

6.70 

6.20 

6.  SO 

7.80 

9.00 

9.60 

11.40 

12.20 

11.80 

12.00 

12.40 

11.80 

10.90 

11.20 

12.90 

15.90 

28 19.20 

27 '  22.00 

28 23.30 

29 23.10 

30 22.10 

31 20.40 


laio 

15.90 
14.00 
12.80 
12.50 
11.80 
11.20 
10.80 
10.60 
10.20 
12.00 
2:{.90 
28.30 
27.00 
25.00 
52.20 
55.60 
54.70 
51.40 
46.50 
41.80 
37.90 
34.50 
31.80 
28.40 
25.90 
23.80 
23.00 


Mar. 

Apr. 

May. 
24.50 

Jane. 

July. 

Ang. 

Sept. 
0.30 

Oct. 

Nov. 

Dec. 

23.00 

9.40 

12.50 

2.50 

0.60 

I.IO 

0.40 

1.50 

21.70 

9.30 

21.20 

33.50 

2.30 

.70 

.20 

1.00 

.40 

1.50 

10.70 

9.00 

80.00 

49.60 

2.80 

1.00 

.10 

1.20 

.40 

1.80 

20.50 

8.70 

51.20 

46.00 

8.60 

1.20 

.00 

1.40 

.40 

2.80 

23.00 

8.00 

52.20 

39.00 

3.60 

1.30 

—.10 

1.30 

.40 

8.50 

24.00 

8.70 

48.00 

37.70 

3.20 

1.20 

—.10 

1.20 

.40 

4.20 

22.60 

9.30 

42.90 

39.90 

2.70 

1.30 

.00 

1.20 

.40 

4.10 

2U.  10 

9.00 

40.40 

39.30 

2.40 

1.20 

+.20 

1.20 

.40 

3.50 

20.00 

8.30 

37.40 

34.00 

2.10 

1.00 

1.40 

1.00 

.40 

3.00 

22.00 

7.60 

34.30 

29.20 

1.80 

.90 

2.00 

.00 

.60 

2.80 

21.80 

7.00 

30.80 

25.10 

1.60 

.00 

2.10 

.80 

.60 

2.30 

20.50 

6.40 

27.50 

21.20 

1.60 

.80 

2.20 

.80 

.50 

1.90 

19.30 

6.10 

24.40 

17.40 

2.20 

.90 

3.20 

.00 

.50 

1.70 

18.10 

5.80 

21.90 

14.70 

2.60 

3.60 

4.30 

.70 

.60 

1.60 

16.30 

23.00 

19.10 

11.60 

2.40 

4.90 

4.80 

.70 

.60 

1.60 

14.70 

27.10 

16.20 

9.60 

2.00 

5.10 

3.90 

.60 

.60 

1.70 

13.20 

24.00 

14.00 

7.60 

1.70 

4.70 

3.30 

.50 

.60 

2.30 

12.20 

20.00 

11.00 

6.70 

1.40 

3.70 

2.50 

.50 

.60 

2.40 

11.30 

16.40 

11.00 

6.50 

1.30 

2.80 

2.10 

.50 

.60 

2.30 

10.70 

13.90 

8.40 

6.90 

1.20 

2.20 

1.80 

.50 

.60 

2.10 

9.90 

12.00 

6.90 

6.90 

1.20 

1.70 

1.40 

.50 

.70 

2.50 

9.30 

11.20 

6.20 

6.60 

1.30 

1.50 

1.30 

.50 

1.00 

2  40 

8.80 

10.70 

5.60 

6.40 

1.60 

1.3U 

1.20 

.40 

1. 00 

2.30 

12.30 

9.90 

5.10 

6.70 

1.70 

1.10 

1.00 

.40 

I.IO 

2.10 

22.20 

8.90 

4.80 

4.90 

1.50 

1.00 

1.30 

.40 

1.00 

1.90 

22.  50 

7.00 

4.50 

4.40 

1.30 

.90 

1.20 

.40 

.90 

1.70 

20.00 

10.50 

4.30 

4.00 

1.20 

.80 

1.20 

.40 

1.00 

1.60 

17.00 

32.50 

5.10 

8.50 

.90 

.80 

1.10 

.40 

1.70 

1.50 

14.40 

33.00 

6.10 

3.10 

.90 

.60 

1.10 

.40 

1.70 

1.40 

12.40 

29.00 

12.90 

2.80 

.80 

.50 

1.10 

.40 

1.50 

3.70 

10.90 

14.10 

.80 

.20 

.10 

7.60 

Black  Warrior  Itiver^  at  Tuficalooaa,  Alabama^  for  1894, 


I. 

2.. 

3. 

4. 

S. 

6. 

7. 

8. 

9. 
10 
U. 
12. 
13. 
14. 
15. 
16. 
17. 
18.. 
19.. 
20.. 
21.. 
22.. 
23.. 
24.. 
25., 
26.. 
27.. 
28.. 
29.. 
30.. 
31.. 


Jan. 


10.:{0 
9.00 
7.90 
6.20 
5.40 
6.40 
16.80 
22.60 
19.70 
26.90 
34.50 
35.80 
30.90 
25.80 
22.20 
23.60 
24.80 
22.40 
19.30 
15.90 
14.10 
18.60 
21.30 
10.90 
17.60 
16.50 
14.00 
12.40 
11.10 
10.00 
0.10 


FeW. 


8.50 
7.80 
7.30 
7.00 
16.90 
22.60 
20.40 
17.80 
17.30 
26.00 
27.80 
25.40 
29.90 
32.10 
29.70 
26.00 
22.  30 
19.10 
16.80 
16.00 
16.90 
17.90 
17.00 
16.10 
17.30 
20.30 
31.00 
28.80 


Mar. 

Apr. 
11.40 

Moy. 

27.00 

6.50 

25.60 

14.10 

5.90 

23.60 

23.60 

5.90 

21.00 

24.00 

5.80 

18.20 

22.20 

5.60 

15.90 

20.00 

5.20 

14.80 

18.90 

5.10 

14.40 

16.30 

4.90 

13.80 

14.70 

4.50 

12.60 

15.70 

4.10 

11.60 

25.00 

3.70 

11.50 

25.60 

3.90 

16.60 

22.70 

4.30 

17.30 

19.60 

7.00 

15.80 

16.80 

6.20 

15.50 

15.60 

5.70 

33.10 

16.00 

5.10 

36.70 

17.00 

5.00 

33.70 

25.30 

4.70 

29.60 

24.80 

4.20 

27.80 

24.00 

3.00 

20.30 

20.40 

3.10 

29.60 

17.30 

2.80 

28.00 

14.20 

2.60 

27.80 

12.20 

2.40 

25.80 

10.60 

2.80 

22.10 

9.80 

2.10 

10.00 

8.70 

2.10 

16.10 

7.90 

2.00 

14.30 

7.00 

1.90 

12.70 

1.90 

1.70 

l.OO 

1.50 

1.35 

1.33 

1.20 

1.20 

1.10 

.95 

.90 

.80 

.80 

.70 

.60 

.60 

.60 

.55 

.50 

.60 

.70 

.85 

.80 

.96 

1.10 

1.00 

1.05 

1.40 

1.70 

2.35 

2.60 


2.50 

1.80 

1.35 

1.10 

.80 

.60 

1.00 

1.30 

.70 

.70 

.60 

.00 

.50 

.50 

.60 

.70 

.75 

.70 

.70 

.60 

.50 

.90 

1.30 

1.35 

1.60 

1.50 

1.40 

1.30 

.20 

1.10 

1.20 


1.20 

1.30 

1.40 

1.95 

2.30 

2.40 

2.00 

1.60 

1.30 

1.10 

.80 

.70 

.60 

.50 

.35 

.60 

.55 

.45 

.40 

.56 

1.00 

1.35 

3.80 

5.30 

9.20 

16.00 

20.40 

16.00 

11.80 

8.30 

6.80 


Sept. 

Oct. 

Nov. 

Dec. 

5.80 

0.55 

—0.06 

—0.06 

4.60 

.45 

—  .10 

-  .06 

3.60 

.40- 

—  .20 

.00 

2.95 

.32 

—  .25 

.00 

2.45 

.25 

—  .30 

.00 

2.05 

.20 

—  .30 

.00 

1.85 

.15 

—  .30 

.00 

1.75 

.00 

—  .30 

-1-  .05 

1.65 

—  .10 

—  .30 

.05 

1.60 

—  .20 

—  .30 

.50 

1.85 

—  .26 

—  .30 

2.10 

3.40 

-  .30 

—  .30 

5.70 

5.60 

—  .30 

—  .30 

10.40 

7.00 

-  .30 

—  .15 

11.20 

5.70 

—  .30 

.00 

8.90 

4.20 

—  .30 

+  .05 

6.40 

3.25 

—  .30 

.05 

4.90 

3.50 

-.30 

.05 

3.90 

3.25 

—  .30 

.00 

3.20 

3.35 

—  .30 

—  .10 

2.90 

4.10 

—  .30 

—  .10 

2.60 

3.60 

—  .30 

—  .10 

2.20 

2.90 

—  .30 

.10 

2.00 

2.20 

—  .35 

.00 

1.80 

1.75 

.40 

.00 

1.70 

1.45 

—  .40 

.00 

2.00 

1.20 

-.45 

—  .05 

7.70 

1.05 

-  .45 

—  .05 

9.70 

.90 

—  .  45 

.06 

8.40 

.70 

—  .20 

-  .06 

7.20 

—  .05 

—  .06 

6.50 

>  Becord  from  United  States  Engineer  Office. 
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RIVER   HEIGHTS   FOR   1896. 


[vo.  11. 


Black  Warrior  Blver^  at  Tuicaloosa,  Alabama,  for  1895, 


Day. 

Jan. 

1 

6.10 

2 

5.40 

3 

6.8) 

4 

9.00 

r. 

8.80 

0 

8.00 

7 

7.40 

8 

35.00 

0 

50.60 

10 

49.30 

u 

45.10 

12 

40.10 

13 

35.00 

14 

29.80 

15 

25.70 

18 

23.40 

17 

31.20 

18 

82.90 

19 

29.20 

20 

25.80 

21 

23.10 

22 

21.60 

23 

21.60 

24 

19.80 

25 

17.40 

26 

18.70 

27 

20.00 

28 

21.20 

29 

22.00 

30 

27.40 

31 

27.10 

24.10 

21.50 

21.40 

21.40 

19.90 

17.90 

16.50 

10.80 

16.90 

15.80 

14.60 

14.10 

13.90 

12.80 

11.60 

10.50 

9.40 

9.00 

9.00 

9.50 

10.20 

10.90 

11.40 

11.30 

10.90 

10.30 

9.70 

9.00 


Mar. 

Apr. 

May 

Jane. 

July. 

8.60 

16.20 

15.20 

7.00 

4.80 

13.20 

14.50 

13.00 

5.90 

4.50 

35.30 

12.60 

11.00 

5.10 

5.40 

36.70 

11.00 

9.40 

4.60 

7.60 

82.40 

10.20 

8.30 

4.20 

17.40 

27.80 

8.40 

7.40 

6.70 

17.70 

23.80 

7.90 

7.00 

5.70 

18.40 

20.60 

20.50 

8.20 

5.10 

15.70 

20.10 

24.00 

13.50 

4.30 

13.10 

19.30 

21.20 

19.70 

3.80 

11.10 

17.50 

18.00 

23.30 

3.10 

9.80 

17.20 

15.10 

22.00 

2.70 

7.90 

18.40 

12.60 

18. 50 

2.40 

6.50 

24.90 

11.00 

15.20 

2.20 

5.30 

37.50 

9.50 

12.20 

2.00 

5.40 

47.40 

8.60 

9.70 

2.00 

5.60 

52.00 

lU.OO 

8.(H) 

2.70 

5.90 

47.30 

15.90 

8.90 

3.30 

5.80 

42.10 

15.80 

6.30 

4.20 

5.10 

38.80 

14.00 

5.90 

4.90 

4.60 

48.70 

12.00 

5.30 

4.70 

4.00 

51.30 

10.40 

4.80 

4.30 

3.60 

47.60 

8.90 

4.30 

4.10 

3.40 

42.10 

8.00 

4.10 

3.70 

3.30 

37.30 

7.20 

4.00 

3.40 

3.60 

32.80 

7.00 

4.30 

3.00 

3.70 

29.10 

7.10 

5.60 

4.40 

3.30 

26.10 

12.50 

11.00 

5.40 

2.90 

23.60 

15.00 

13.30 

6.00 

2.40 

21.10 

16.40 

11.20 

5.40 

2.00 

18.60 

8.90 

2.10 

Ang. 

Sept. 

Oct 

1.80 

1.90 

0.10 

1.50 

1.80 

.00 

1.30 

1.80 

—  .07 

1.20 

1.70 

—  .10 

1.20 

1.90 

—  .10 

1.20 

2.60 

-  .10 

1. 10     3.  05 

—  .10 

1.00 

3.70 

.00 

.90 

3.40 

—  .03 

.97 

2.90 

—  .07 

1.40 

2.40 

—  .10 

1.50 

2.20 

—  .14 

1.40 

2.10 

—  .14 

1.30 

2.00 

+  .00 

1.10 

1.80 

.04 

1.30 

1.60 

—  .08 

1.40 

1.40 

.18 

2.00 

1.40 

—  .27 

4.00 

1.30 

—  .31 

4.30 

1.00 

-  .37 

3.60 

1.20 

-  .42 

2.M) 

1.50 

—  .45 

2.40 

1.30 

—  .50 

4.30 

1.10 

—  .35 

4.90 

.80 

-  .33 

4.00 

.60 

-  .53 

3.20 

.35 

-  .70 

2.40 

.10 

—  .68 

2.30 

.50 

—  .07 

2.10 

.30 

—  .50 

2.00 

—  .32 

—0.04 

+  .07 

.12 

.09 

.11 

.25 

.31 

.30 

.28 

.70 

1.20 

1.10 

1.18 

1.35 

1.35 

1.28 

1.20 

1.05 

.88 

.82 

.70 

.60 

.50 

.75 

.60 

.38 

.64 

.65 

.65 

.60 


0.75 
.95 
1.05 
1.00 
.90 
1.30 
1.50 
1.45 
1.90 
1.80 
1.45 
1.40 
1.40 
1.37 
It  33 
1.23 
1.12 
1.05 
1.02 
1.57 

2.  r»5 

2.60 

3.03 

3.65 

3.31 

4.50 

10.40 

21.02 

16.88 

13.10 

11.67 


lilaek  Warrior  River ^  at  TuBcaloota,  Alabamaf  for  1896, 


Day 


1 

2 

3 

4 

5 

0 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

26 

27 

28 

29 

30 

31 


Jan. 


Feb. 


11.41 

10.26 

8.90 

7.60 

6.55 

5.74 

5.09 

5.24 

5.76 

6.46 

6.58 

6.25 

5.79 

5.26 

4.82 

4.87 

6.03 

8.61 

9.14 

8.53 

7.87 

8  85 

22.48 

29.26 

20.52 

22.44 

18.55 

14.92 

12.14 

10.18 

8.88 


7.92 

8.51 

21.98 

33.12 

30.02 

30.75 

35.92 

35.08 

30.21 

36.52 

33.65 

29.45 

25.97 

27.41 

33.25 

31.02 

27.30 

23. 05 

20.09 

17.00 

14.45 

12.20 

10.32 

9.13 

8.60 

8.35 

7.00 

7.40 

7.00 


Mar. 


6.01 
7.66 
7.41 
6.74 
6.14 
6.64 
10.18 
12.04 
14.89 
13.69 
12.45 
13.97 
16.15 
15.36 
13.56 
13.86 
22.80 
27.75 
29.70 
37.68 
37.92 
33.55 
29.12 
2.5.85 
23.54 
21.28 
18.72 
16.35 
14.30 
12.60 
11.40 


Apr. 


10.61 

14.78 

2:).  00 

23.50 

19.85 

16.70 

14.26 

12.55 

11.20 

10.02 

9.04 

8.33 

7.62 

7.86 

11.65 

13.90 

12.  36 

10.67 

9.03 

7.81 

6.88 

6.15 

5.56 

5.67 

5.76 

5.30 

5.20 

10.47 

16.06 

14.18 


May. 

June. 

July. 
1.94 

18.24 

4.92 

83.30 

4.28 

1.71 

37.18 

3.50 

1.44 

30.88 

5.44 

1.48 

26.40 

5.24 

1.30 

21.93 

4.30 

1.15 

17.88 

3.62 

1.32 

13.  95 

3.27 

2.20 

10.80 

6.60 

8.40 

8.60 

8.18 

0.98 

7.11 

18.39 

5.  :J7 

6.09 

15.13 

3.05 

5.34 

10.77 

2.99 

4.77 

7.66 

2.45 

6.13 

5.60 

2.16 

5.45 

4.33 

2.13 

4.65 

4.74 

2.15 

3.94 

4.20 

2.42 

3.44 

6.18 

2.46 

3.05 

6.00 

2.24 

2.91 

5.32 

2.16 

2.77 

4.01 

1.90 

2.87 

4.46 

1.71 

2.90 

4.19 

2.06 

2.87 

4.04 

2.53 

2.97 

3.37 

2.17 

3.66 

2.85 

1.70 

3.59 

2.09 

1.28 

6.52 

2.  54 

.94 

6.50 

2.21 

.76 

5.78 

.64 

Aug. 


.53 
.80 

1.34 
.89 
.54 
.42 
.50 
.00 
.08 
.64 
.55 
.45 
.38 
.35 
.31 
.26 
.13 
.40 
.50 
.40 
.34 
.29 
.22 

1.06 
.  95 
.79 
.77 

1.35 

1.30 
.95 
.60 


Sept. 


0.38 
.25 
.16 
.05 

-  .06 

-  .15 

-  .23 

-  .30 

-  .37 
<  .44 

-  .44 

-  .46 

-  .50 

-  .60 

-  .59 

-  .59 

-  .60 

-  .60 

-  .60 

-  .61 

-  .64 

-  .64 

-  .36 

-  .45 

-  .61 

-  .64 

-  .71 

-  .76 

-  .67 

-  .55 


Oct. 


—0.52 

—  .62 

—  .66 

—  .20 
+  .78 

.74 
.68 
.40 
.09 

—  .15 

—  .28 

—  .  ..o 

—  .48 

—  .49 

—  .46 

—  .43 

—  .60 

—  .63 

—  .78 

—  .82 
-^.82 

—  .84 

—  .84 

—  .78 

—  .80 

—  .82 

—  .82 

—  .78 

—  .80 

—  .80 

—  .78 


Nov. 

Dec. 
7.70 

—0.78 

-.77 

6.32 

-.42 

4.63 

-  .39 

3.40 

—  .33 

2.60 

—  .19 

2.05 

-  .19 

1.70 

-  .17 

1.47 

.18 

1.21 

—  .21 

1.10 

—  .30 

.89 

—  .20 

.84 

.22 

.80 

—  .11 

.75 

—  .10 

1.20 

—  .01 

1.25 

f  .26 

1.25 

.46 

1.60 

.52 

1.90 

.45 

1.70 

.39 

.38 
.37 
.37 
.37 
.08 
.09 
.33 
1.00 


1.50 
1.33 
1.20 
.98 
.92 
.77 
.71 
.59 
.52 
.48 
.48 


'Beoord  from  United  States  Engineer  Offloe. 
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Greenbrier  Siver  at  Aldertany  Weet  Virginia, 


Day. 

Jan. 

2.45 
3.08 
2.65 
2.25 
2.45 
2.40 
1.00 
1.88 
1.06 
2.10 
2.05 
2.06 
2.06 
2.30 
2.20 
1.70 
1.70 
1.72 
1.73 
1.73 
1.82 
1.86 
1.00 
2.66 
4.20 
3.93 
3.23 
2.86 
2.60 
2.38 
2.30 

Feb. 

Mar. 

2.60 
2.82 
2.70 
2.50 
2.35 
2.33 
2.30 
2.40 
2.60 
2.70 
2.60 
2.90 
3.00 
2.75 
2.85 
2.05 
6.75 
5.60 
4.50 
6.40 
6.20 
4.50 
4.35 
4.15 
4.15 
3.86 
8.80 
3.70 
3.15 
a10.50 
8.88 

Apr. 

May. 

Jnno. 

2.07 
1.97 
1.90 
1.88 
1.85 
2.00 
2.05 
2.20 
2.20 
2.20 
2.70 
2.48 
2.20 
2.10 
2.00 
2.05 
2.08 
2.10 
2.05 
2.08 
2.05 
1.97 
1.96 
1.90 
1.05 
3.20 
3.75 
3.20 
3.10 
2.80 

July. 

Aug. 

4.50 
3.75 
4.36 
3.55 
3.05 
2.72 
2. 50 
2.35 
2.25 
2.10 
2.10 
2.10 
2.00 
1.00 
1.95 
2.10 
2.00 
1.86 
1.85 
1.80 
1.75 
1.05 
1.73 
1.93 
1.95 
1.96 
1.93 
1.87 
1.70 
1.70 
1.67 

Sept. 

1.63 
1.60 
1.55 
1.60 
1.66 
1.60 
1.60 
1.60 
1.63 
1.64 
1.60 
1.57 
1.55 
1.53 
1.65 
1.95 
1.75 
1.63 
1.67 
1.76 
1.70 
1.70 
1.64 
1.69 
1.60 
1.53 
1.53 
1.65 
1.62 
4.93 

Oct. 

6.60 
4.02 
3.20 
2.80 
2.55 
2.38 
2.20 
2.10 
2.00 
1.95 
1.90 
1.86 
2.20 
2.15 
2.13 
2.10 
2.00 
1.95 
1.90 
1.85 
1.78 
1.75 
1.73 
1.70 
1.70 
1.73 
1.70 
1.80 
1.73 
1.70 
1.70 

Nov. 

1.67 
1.73 
1.70 
1.80 
7.67 
9.50 
4.85 
3.60 
3.15 
2.85 
2.60 
2.48 
2.40 
2.30 
2.25 
2.15 
2.10 
2.05 
2.03 
2.00 
2.00 
2.00 
2.20 
2.22 
•i.20 
2.18 
2.15 
2.15 
2.45 
5.65 

Itec. 

4.75 
8.86 
3.40 
8.05 
2.80 
2.65 
2.60 
2.50 
2.45 
2.65 
3.10 
2.93 
2.78 
2.62 
2.60 
3.00 
3.00 
2.85 
2.65 
2.55 
2.43 
2.35 
2.25 
2.20 
1.90 
1.70 
1.50 
1.40 
1.80 
1.95 
2.05 

1 

2.25 
2.27 
4.05 
6.30 
4.66 
3.66 
4.80 
4.20 
3.60 
3.40 
3.15 
2.86 
2.20 
5.80 
5.50 
4.15 
8.60 
3.06 
2.86 
2.60 
2.88 
2.42 
2.38 
2.26 
2.46 
2.33 
2.28 
2.22 
2.28 

7. 00     3. 05 

2.47 
2.25 
2.20 
2.10 
2.35 
2.30 
2.65 
03.08 
0.05 
6.40 
4.28 
3.47 
3.03 
2.85 
2.58 
2.48 
2.42 
2.40 
2.35 
2.28 
2.15 
2.10 
2.07 
2.58 
2.64 
5.38 
3.85 
3.10 
2.80 
2.55 
3.a3 

S 

3 

6.60 
5.50 
4.40 
3.85 

8.36 
3.05 
4.16 
4.60 

4 

S 

C 

3.20  1  3.70 
3. 10     3. 23 
2. 05     2.  95 
3.00     2.85 
3.05  1  2.65 
3.10  '  2.45 
3.15  1  2.85 

7 

8 

1     9 

10 

11 

12 

13 

U 

15 

3.05 
3.00 
2.08 
2.95 
2.75 

2.26 
2.25 
2.65 
2.55 
2.30 

le 

18 

2.  60  1  2. 10 
2.55  '  2.05 

ao 

21 

tt 

1  23 

2.60 
2.40 
2.35 
2.35 
2.40 
3.10 
3.05 
3.00 
2.80 
2.68 
2.65 

2.06 
2.30 
2.40 
2.60 
2.50 
2.60 
2.65 
2.56 
2.45 
2.42 
2.28 
2.17 

24 

26 

.  27 

2:::::;:::::::: 

30 

31 

a 

Heav> 

'  rain. 

Kew  River  at  Fayette,  West  Virginia. 


Day. 


1 

2 

3 

4 

5 

< 

7 

8...;. 

10 

11 

12 

13 

14 

15 

16 

17 

18.... 
!»....! 

20 

21 

22 

23 

■^« • .  •  , 

25 

26 

27.... 
28 

a..... 

30 

n 


Jan. 

Feb. 

Mar. 
3.75 

Apr. 

3.10 

3.70 

22.26 

3.60 

4.90 

8.30 

23.60 

4.80 

12.50 

2.96 

21.15 

3.70 

11.80 

2.60 

17.60 

3.10 

9.65 

2.20 

15.40 

2.19 

7.80 

2.90 

11.10 

1.75 

7.65 

3.40 

10.30 

1.40 

11.56 

8.70 

9.00 

1.20 

11.40 

4.60 

8.20 

1.90 

8.65 

4.00 

7.10 

3.00 

5.35 

3.35 

6.20 

2.75 

4.15 

3.70 

6.05 

2.90 

4.30 

4.15 

6.80 

2.40 

7.90 

6.00 

5.50 

2.60 

10.70 

6.00 

6.20 

2.80 

9.00 

11.00 

5.05 

2.10 

7.50 

14.93 

4.85 

1.95 

5.00 

15.75 

4.70 

2.00 

4.70 

15.06 

4.45 

2.30 

4.20 

13.00 

4.20 

2.60 

2.90 

11.60 

4.30 

2.10 

2.35 

11.00 

4.60 

2.40 

8.30 

10.15 

4.70 

2.60 

4.05 

9.40 

4.90 

6.00 

4.00 

8.85 

6.10 

10.00 

4.80 

8.15 

6.00 

8.10 

4.30 

7.50 

5.30 

7.66 

4.00 

6.60 

5.46 

6.70 

8.00 

7.40 

6.80 

4.90 

18.40 

6.00 

4.00 

23.40 

May. 

June. 
2.85 

July. 
6.08 

6.20 

6.60 

2.60 

5.00 

6.70 

2.75 

4.10 

7.05 

2.95 

2.80 

7.30 

3.55 

3.00 

7.00 

3.58 

3.15 

6.15 

3.35 

3.45 

6.20 

3.55 

3.90 

4.70 

3.75 

17.30 

4.55 

4.00 

26.20 

4.80 

3.35 

14.50 

4.05 

3.00 

14.00 

3.66 

3.00 

13.05 

3.30 

3.00 

12.00 

3.30 

2.70 

8.60 

3.40 

2.50 

7.15 

8.20 

2.40 

6.05 

3. 05 

2.60 

5.00 

3.15 

3.00 

4.10 

3.25 

3.20 

4.40 

3.50 

3.40 

5.40 

3.76 

3.75 

5.70 

3.60 

4.00 

4.95 

6.90 

4.45 

4.10 

5.45 

5.15 

4.45 

6.00 

6.30 

4.47 

4.10 

8.90 

4.20 

4.00 

7.90 

4.30 

8.55 

7.53 

4.60 

8.20 

6.80 

4.46 

8.28 

4.86 

Aug. 


4.60 
5.10 
4.85 
4.50 
4.25 
4.00 
3.65 
3.90 
3.80 
3.60 
3.20 
2.95 
2. 70 
2.10 
2. 45 
2.40 
2.30 
2.05 
1.85 
1.40 
1.25 
1.35 
1.85 
1.50 
2.10 
2.35 
2.70 
2.40 
2.15 
1.76 
1.80 


Sept. 


1.10 

1.00 

.90 

.80 

.80 

1.00 

1.20 

2.50 

2.30 

2.00 

1.50 

1.  25 

1.20 

1.15 

.00 

1.40 

1.30 

1.23 

1.00 

.90 

.00 

.90 

.80 

05 

10 

1.10 

1.10 

l.IO 

.70 

.80 


1. 
1. 


Oct. 

Nov. 
1.25 

I)<M'.. 

14.90 

12.80 

9.45 

1.00 

11.50 

6.00 

1.30 

8.08 

4.50 

2.15 

7.40 

3.45 

6  08 

5.80 

3.10 

17.10 

5.32 

2.65 

13. 25 

4.95 

2.05 

6.53 

4.40 

1.40 

7.65 

1.00 

0.30 

1.65 

4.85 

1.70 

3.00 

2.10 

3.20 

2.80 

3.50 

3.30 

3.00 

3.00 

3.55 

2.80 

3.25 

1.05 

2.90 

1.10 

2.45 

6.30 

.85 

2.45 

5.60 

.50 

2.60 

5.00 

.40 

2.90 

4.65 

.50 

3.00 

4. 05 

1.45 

2.05 

3.70 

1.30 

2.70 

3.00 

1.20 

2. 72 

1. 00 

2.70 

2.  CO 

.70 

3.10 

2.75 

1.40 

7.45 

2.90 

.60 

8.30 

2.50 

1.80 

•••••• • 

2.70 

Xo  obterratloiia  December  9  to  17;  wire  gage  broken. 
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[NO.  IL 


French  Broad  Biver  ai  Aaheville,  North  Carolina, 


Mar. 

Apr. 

Mfty. 
2.80 

3.80 

4.20 

3.20 

3.70 

4.60 

3.45 

4.10 

3.30 

3.90 

3.27 

3.70 

3.25 

3.50 

3.20 

3.20 

3.15 

3.20 

3.15 

3.07 

3.02 

3.05 

3.50 

3.05 

3.25 

3.03 

3.25 

3.05 

3.15 

2.87 

3.60 

3.10 

2.80 

3.40 

2.95 

2.76 

3.40 

2.90 

2.76 

3.16 

2.93 

2.70 

3.70 

2.93 

2.70 

3.30 

2.93 

2.70 

3.20 

2.95 

2.90 

3.20 

2.95 

3.05 

3.30 

2.95 

3.10 

3.20 

2.92 

3.00 

3.15 

2.86 

2.70 

3.10 

2.P2 

3.05 

3.10 

2.82 

2.75 

3.50 

2.82 

2.75 

3.25 

2.80 

2.73 

3.30 

2.70 

June.: July.   Aiij; 


2.90 
2.90 
2.90 
3.13 
2.90 
2.90 
2.73 
2.70 
3.15 
2.90 
2.75 
2.70 
2.67 
2.65 
2.60 
2.60 
3.15 
3.30 
3.39 
3.18 
2.95 
3.00 
3.14 
3.15 
3.15 
2.93 
2.80 
3.a5 
2.75 
2.63 


2.66 
2.55 
2.63 
2.85 
2.86 
4.10 
5.10 
9.85 
8. 73 
7.00 
6.10 
5.00 
4.80 
4.50 
4.30 
4.25 
4.15 
4.03 
3.80 
3.75 
3.70 
3.65 
3.63 
3.60 


3. 
3. 
3. 
3. 


55 
35 
40 
50 


3.40 
3.35 
3.25 


3.20 
3.10 
3.25 
3.10 
2.90 
2.85 
2.85 
2  90 
2.85 
3.00 
3.00 
2.95 
2.80 
2.85 
2.95 
3.25 
2.95 
2.80 
2.78 
2.80 
2.80 
2.65 
2.75 
2.70 
2.70 
2.70 
2.60 
2.60 
2.  50 


Sept. '  Oct 


2.50 
2.63 
2.70 
2.73 
2.95 
3.20 
3.10 
2.90 
2.66 
2.53 
2.65 
2.85 
2.55 
2.55 
2.57 
2.57 
2.65 
2.53 
2.50 
2.40 
2.40 


2. 
2. 
2. 
2. 


50 
50 


37 
50 
50 
46 
2.45 
2.35 
3.00 
2.70 
2.67 


2.65 
2.63 
2.60 
2.50 
2.45 
2.43 
2.40 
2.40 
2.40 
2.40 
2.40 
2.45 
2.50 
2.65 
2.55 
2.45 
2.43 
2.40 
2.43 
2.46 
2.45 
2.42 
2.45 
2.45 
2.45 
2.45 
2.45 
2.47 
2.50 
2.50 
2.45 


Not. 

Dec. 

2.75 

5.80 

2.65 

4.50 

2.65 

4.10 

2.85 

3.80 

6.10 

3.80 

5.50 

3.60 

5.43 

3.50 

3.45 

3.40 

3.35 

3.40 

3.25 

3.30 

2.75 

3.25 

3.50 

3.25 

4.25 

3.20 

4.23 

3.20 

4.20 

3.25 

3.85 

3.30 

3.75 

3.30 

3.63 

3.25 

3.50 

3.10 

2.05 

3.10 

2.93 

3.05 

2.90 

3.05 

2.70 

3.14 

2.85 

3.00 

2.80 

2.95 

2.00 

2.90 

3.10 

2.90 

4.05 

2.87 

4.95 

2. 85 

6.20 

2.83 

2.83 

Tuckaseegee  River,  three  milea  above  Bryson,  North  Carolina. 


Day. 


1 

o 

am 

3 
4 

5 

6 

7 

•8 

0 

10 

II 

12 

13 

14 

15 

10 


July. 

Aug. 
2.70 

Sept. 
1.86 

Oct. 
2.10 

Nov. 
2.00 

Dec. 

2.19 

4.30 

2.31 

2.60 

1.86 

1.90 

1.85 

3.60 

2.25 

2.56 

2.00 

1.83 

1.80 

3.30 

2.30 

2.50 

1.90 

1.80 

2.60 

3.10 

2.53 

2.15 

2.10 

1.77 

4.45 

3.00 

4.90 

2.50 

2.60 

1.75 

2.80 

2.90 

4.20 

2.70 

2.10 

1.72 

2.40 

2.80 

8.05 

2.56 

2.06 

1.70 

2.30 

2.70 

6.90 

2.50 

2.00 

1.70 

2.20 

3.00 

4.50 

2.50 

1.95 

1.70 

2.10 

2.70 

4.00 

2.50 

2.10 

1.70 

2.00 

2.65 

4.  .10 

2.40 

2.00 

2.00 

5.00 

2.60 

3.90 

2.25 

1.98 

1.90 

3.30 

2.55 

3.60 

2.30 

1.90 

1.90 

2.60 

2.50 

3.40 

2.25 

2.10 

1.85 

2.40 

2.80 

4.10 

2.00 

■ 

2.10 

1.70 

2.00 

2.70 

! 

Nov. 

Dec. 

2.40 

2.50 

2.30 

2.65 

2.25 

2.50 

2.20 

2.20 

2.20 

2.40 

2.15 

2.:50 

2.10 

2.40 

2.05 

2.20 

2.00 

2.10 

2.00 

2.05 

3.30 

2.30 

3.10 

2.20 

5.10 

2,30 

6.50 

2.H5 

2.80 

TAitle  Tennessee  Biver  at  Judson,  North  Carolina, 


Day. 
1 

July. 
2.70 

Aug. 

Sept. 

Oct. 
2.00 

Nov. 

3.10 

Dec. 

3.35 

2.60 

7.70 

2 

2.80 

3.30 

2.60 

2.80 

2.90 

6.30 

3 

2.77 

3.30 

2.70 

2.78 

2.80 

5.30 

4 

2.95 

3.30 

2.80 

2.68 

2.99 

4.30 

5 

2.85 

3.21 

2.90 

2.60 

5.70 

4.40 

6 

3.82 

3.19 

2.90 

2.53 

4.55 

4.30 

7 

4.22 

3.15 

2.80 

2.55 

3.30 

4.20 

H 

6.70 

3.13 

2.60 

2.54 

3.30 

4.10 

9 

8.80 

3.19 

2.56 

2.53 

3.51 

4.10 

10 

6.70 

3.21 

2.63 

2.53 

3.50 

4.90 

11 

8.95 

3.12 

2.50 

3.40 

4.80 

12  .... 

4.65 

3.10 

2.64 

4.30 

3.88 

13 

4.50 

3.20 

2.63 

5.70 

3.89 

14 

4.20 

3.10 

2.53 

4.30 

3.89 

15 

.1.95 

3.00 

2.84 

4.20 

4.30 

16 

4.00 

3.70 

2.75 

3.30 

4.60 

Day. 


17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
80 
31 


July. 

Aug. 

Sept. 

2.70 

4.00 

3.60 

3.05 

3.10 

2.70 

3.64 

3.00 

2.60 

3.70 

3.00 

2.70 

3.70 

3.20 

2.70 

4.10 

3.85 

2.67 

5.11 

2.83 

2.18 

4.28 

2.92 

2.68 

4.20 

3.00 

2.60 

4.10 

3.00 

2.54 

3.85 

2.80 

2.00 

3.92 

2.80 

2.60 

3.80 

2.90 

2.60 

3.66 

2.80 

3.30 

3.45 

(a) 

a  Rope  broken. 


DAVn.] 


GAQE   HEIGHTS   IN  OHIO   RIVER   BASIN. 
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Hiwastee  Sirer  at  Murphy,  North  Carolina, 


D»y. 


1 

a.  73 

3 

8.70 

3 

3.75 

4 

4.00 

5 

3.90 

< 

4.82 

7 

4.08 

8 

6.72 

9 

6l06 

;o 

5.24 

u 

4.75 

It 

4.82 

13 

4.77 

14 

4.66 

15 

4.42 

1« 

4.55 

July.  Ang 


4.02 
4.02 
4.11 
3.05 
3.00 
3.90 
3.95 
3.00 
3.86 
4.00 
3.90 
3.81 
3.81 
3.72 
3.75 
3.02 


Sept. 


3.65 
8.61 
3.62 
3.61 
3.61 
3.00 
3.66 
3.62 
3.60 
3.60 
3.60 
8.67 
3.56 
3.58 
3.80 
3.62 


Oct. 


8.74 
3.68 
3.65 
3.60 
3.62 
3.55 
8.60 
3.51 
3.60 
8.65 
8.65 
3.65 
3.72 
3.65 
3.65 
3.60 


Nov. 


8.66 
3.70 
3.72 
4.00 
4.10 
3.00 
3.00 
3.00 
3.82 
3.80 
3.76 
7.53 
5.40 
4.53 
4.30 
4.12 


Deo. 


5.20 
4.70 
4.52 
4.52 
4.20 
4.20 
4.15 
4.10 
4.30 
4.10 
4.10 
4.10 
4.05 
4.02 
4.10 
4.05 


Day. 


17 
18 
10 
20 
21 
22 
23 
24 
25 
26 
27 
28 
20 
30 
31 


July. 


4.48 
4.54 
4.35 
4.28 
4.32 
4.60 
5.10 


61 
40 
30 
30 
25 
12 
4.01 
4.02 


Aug. 


3.78 
3.74 
3.70 
3.68 
3.70 
3.70 
3.65 
3.00 
».80 
3.72 
3.72 
3.70 
3.70 
3.65 
3.65 


Sept 


3.60 
3.60 
3.58 
3.56 
8.  56 
3.62 
3.85 
3.60 
3.60 
3.60 
3.60 
3.05 
3.60 
4.20 


Oct. 


3.65 
3.56 
3.50 
3.60 
3.60 
3.66 
3.60 
3.00 
3.70 
8.62 
8.62 
3.65 
3.74 
3.80 
3.82 


Nov. 


4.50 
8.95 
3.01 
3.00 
3.90 
3.85 
3.80 
3.80 
8.80 
3.84 
4.00 
4.00 
6.03 
6.10 


Deo. 


4.05 
4.00 
4.00 
4.00 
4.00 
4.00 
3.95 
3.05 
05 
00 
90 
3.90 
3.90 
3.00 
3.90 


3. 
3 
3. 


Tennessee  J^iver  at  Chaitanoogaf  Tennessee^  for  1S90. 
[Famiahed  by  L.  M.  Pindell,  obnorver  in  charge,  United  States  Weather  Bureau.] 


Day. 


I 


1..., 
J.... 
3.... 
i.... 
5... 

7.... 


10 

11 

« 

13 

U 

15 

W 

17 

U 

19 

30 

a 

a 

23 

24 

25 

28....  " 
27 *' 

28 ;;; 

** 

? 

31 


Jan. 


4.9 
5.2 
5.1 
5.0 
5.0 
4.8 
4.7 
4.0 
4.7 
4.9 
4-7 
4.6 
4.6 
4.9 
4.6 
5.4 
7.2 
9.2 
8.2 
7.6 
7.0 
0.6 
13.0 
12.3 
11.7 
10.0 
8.3 
7.3 
6.6 
7.7 
8.3 


Feb. 

Har. 
40.2 

Apr. 
10.0 

Hay. 
7.5 

8.0 

7.3 

42.5 

9.8 

7.1 

7.3 

41.0 

0.4 

6.7 

7.4 

34.4 

9.7 

0.8 

7.2 

23.0 

12.2 

7.0 

7.8 

15.1 

14.0 

7.5 

8.3 

14.2 

13.6 

8.0 

11.5 

14.4 

13.4 

9.1 

19.3 

12.8 

11.9 

■    8.7 

20.4 

11.2 

10.5 

8.7 

17.8 

10.0 

9.6 

8.1 

14.7 

9.2 

8.7 

7.7 

12.0 

8.6 

8.0 

7.2 

10.0 

8.7 

7.6 

6.7 

9.8 

0.7 

7.1 

6.6 

9.6 

13.7 

6.0 

7.8 

9.0 

15.1 

7.1 

0.3 

0.3 

14.9 

9.4 

8.6 

8.6 

13.0 

16.6 

7.9 

7.8 

11.7 

20.4 

8.8 

7.3 

12.4 

18.2 

10.7 

7.1 

14.0 

14.3 

11.9 

7.2 

20.0 

11.3 

11.0 

7.4 

25.6 

0.6 

ii.e 

12.1 

27.2 

8.7 

9.2 

18.7 

26.0 

8.4 

7.8 

26.4 

21.4 

8.4 

7.4 

34.8 

15.4 

8.5 

8.0 

13.0 

8.4 

8.1 

11.9 

8.1 

7.4 

10.7 

6.8 

June. 


6.1 
6.6 
5.3 
6.3 
6.2 
6.3 
6.2 
4.0 
4.7 
4.5 
4.6 
4.4 
4.0 
3.9 
4.0 
4.1 
4.0 
3.0 
3.7 
3.6 
3.7 
3.8 
3.7 
3.8 
4.0 
4.0 
3.0 
3.9 
3.5 
3.1 


July. 

Aug. 

Sept. 

3.2 

5.8 

7.6 

2.9 

5.2 

5.6 

2.9 

4.7 

5.7 

3.0 

4.7 

4.0 

3.0 

4.8 

3.6 

3.0 

4.5 

8.2 

3.0 

6.2 

8.6 

2.9 

5.7 

3.2 

2.8 

6.6 

2.8 

2.7 

7.6 

2.8 

2.7 

7.2 

3.0 

3.0 

6.3 

3.4 

2.7 

5.8 

3.6 

2.5 

6.2 

4.6 

2.3 

4.8 

4.0 

2.1 

4.2 

4.0 

2.0 

3.8 

3.7 

2.2 

3.7 

4.0 

4.7 

3.3 

6.3 

4.7 

3.1 

8.7 

4.1 

2.6 

3.7 

3.6 

2.5 

5.8 

3.2 

3.8 

3.5 

3.2 

4.0 

8.3 

4.1 

3.3 

3.4 

5.9 

3.8 

4.0 

7.5 

3.6 

4.3 

7.7 

3.0 

4.0 

7.0 

3.8 

3.8 

6.3 

5.4 

6.3 

6.2 

6.5 

()ta. 


0.4 
8.1 
7.7 
7.2 
6.4 
6.7 
5.2 
5.2 
5.6 

\\ 

4.0 
4.4 

4.2 
8.9 
3.7 
3.7 
3.7 
4.2 
4.0 
4.0 
3.8 
5.3 
7.2 
8.8 
9.2 
9.5 
8.6 
7.6 
7.1 
7.0 


Nov. 


6.8 
6.6 
5.7 
5.3 
5.0 
4  6 
4.4 
4.3 
4.0 
3.0 
3.8 
3.6 
3.5 
8.4 
3.3 
3.2 
3.2 
3.0 
3.2 
3.1 
3.1 
3.1 
2.9 
2.8 
2.8 
2.7 
2.6 
2.6 
2.5 
2.4 


Dec. 


2.4 
2.4 


3 
3 
3 
6 


2. 
2. 
2. 
2. 
2.8 
2.9 
7.1 
8.1 
8.2 
7.7 
7.4 
6.4 
3.7 
4.2 
3.9 
3.9 
4.0 
4.0 
3.0 
3.9 
3.9 
3.9 
4.3 
4.6 
0.4 
12.5 
12.9 
12.4 
9.3 
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RIVER  HEIGHTS   FOR   1896. 


[NO.  11. 


Tennessee  Jliver  at  Chattanooga,  Tennessee,  for  1891. 


Day. 


1. 

2. 

3. 

4. 

5. 

6. 

7. 

8. 

0. 
10. 
11. 
12. 
13. 
U. 
15. 
16. 
17. 
18. 
10. 
20. 
21. 
22. 
23. 
24. 
26. 
26. 
27. 
28. 
29. 
30. 
31. 


Jan. 

Feb. 

Mar. 
18.6 

Apr. 
15.4 

7.7 

0.8 

7.8 

13.2 

17. 5 

16,3 

0.0 

16.1 

15.0 

16.3 

14.1 

19.8 

13.3 

15.7 

15.5 

22.6 

15.4 

15.1 

15.2 

21.6 

20.0 

12.6 

10.4 

18.3 

23.6 

11.6 

8.2 

16.0 

20.1 

10.8 

7.1 

14.5 

34.5 

0.8 

6.3 

21.0 

37.5 

0.6 

6.5 

27.8 

38.0 

0.8 

8.0 

34.3 

37.0 

0.0 

10.7 

36.5 

33.5 

10.6 

10.0 

37.5 

27.0 

11.3 

0.2 

35.5 

22.2 

12.2 

7.3 

29.0 

19.8 

10.8 

7.8 

21.1 

18.1 

0.4 

7.6 

10.7 

15.3 

8.4 

7.5 

18.2 

13.6 

H.2 

7.6 

1G.5 

12.3 

7.0 

7.3 

15.5 

11.3 

7.0 

8.2 

18.8 

10.8 

7.6 

12.5 

24.0 

10.7 

7.4 

15.3 

27.7 

10.8 

7.4 

14.0 

29.0 

10.6 

7.5 

13.6 

26.7 

10.4 

7.5 

11.2 

20.6 

10.5 

7.4 

0.7 

19.0 

U.l 

7.2 

7.9 

13.6 

6.5 

7.9 

13.0 

6.2 

8.9 

13.1 

May 

June. 
'    8.8 

July. 

Aug. 

Sept 

Oct. 

Nov. 

5.0 

3.9 

8.3 

5.4 

1.8 

1.3 

5.7 

6.6 

3.8 

10.3 

4.7 

1.0 

1.3 

5.6 

5.3 

3.6 

15.1 

4.3 

1.0 

1.3 

5.5 

4.8 

3.6 

16.4 

4.2 

1.8 

1.2 

5.2 

4.4 

3.6 

12.0 

6.1 

1.8 

1.2 

5.1 

4.1 

3.6 

8.7 

6.1 

1.7 

1.2 

4.0 

3.0 

3.4 

6.0 

5.2 

1.7 

1.2 

4.7 

4.1 

3.4 

5.8 

5.2 

1.6 

1.2 

4.6 

4.6 

3.3 

5.1 

6.8 

1.7 

1.2 

4.5 

4.7 

4.6 

4.6 

4.9 

1.7 

1.2 

4.4 

6.5 

6.1 

4.4 

4.4 

1.8 

1,5 

4.3 

7.0 

4.4 

4.0 

3.9 

1.8 

1.1 

4.2 

6.5 

3.0 

4.0 

3.6 

1.7 

2.7 

4.1 

6.7 

3.6 

3.9 

3.5 

1.7 

3.6 

4.2 

5.5 

3.1 

3.8 

3.5 

1.7 

4.1 

4.2 

5.7 

2.9 

3.6 

3.5 

1.6 

3.5 

45 

5.8 

2.8 

3.6 

3  5 

1.6 

2.8 

4.7 

6.1 

2.7 

3.4 

8.2 

1.6 

2.5 

4.7 

6.8 

4.1 

3.0 

2.9 

1.5 

2.4 

4.0 

7.3 

5.0 

3.0 

2.7 

1.5 

2.5 

4.5 

6.8 

4.5 

3.4 

2.6 

1.5 

2.3 

4.3 

6.8 

4.0 

4.0 

2.5 

1.5 

2.4 

4.1 

6.5 

3.8 

4.6 

2.4 

1.6 

3.0 

4.0 

7.1 

3.6 

5.5 

2.3 

1.5 

4.0 

3.8 

7.4 

3.6 

6.6 

2.2 

1.5 

6.2 

3.0 

7.6 

3.6 

7.7 

2.2 

1.5 

6.7 

4.0 

6.2 

8.6 

8.2 

2.1 

1.6 

6.3 

4.1 

4.0 

3.6 

8.1 

2.0 

1.5 

5.6 

4.1 

4.3 

3.7 

7.0 

1.9 

1.4 

4.7 

4.7 

4.1 

3.8 

6.4 

1.9 

1.4 

4.0 

5.3 

6.7 

6.1 

1.4 

Dec. 


3.7 
3.2 
2.0 
2.8 
6.6 
6.1 
6.6 
8.6 
10.8 
10.9 
10.2 
8.5 
6.8 
5.7 
5.1 
5.0 
5.2 
5.3 
4.8 
4.5 
4.2 
4.0 
3.8 
3.7 
4.1 
4.9 
8.1 
1U.2 
9.6 
8.4 
7.8 


Tennessee  River  at  Chattanooga,  Tennessee,  for  1892. 


Day. 


1. 

2- 

3. 

4. 

6. 

6. 

7. 

8. 

9. 
10. 
11. 
12. 
13. 
14. 
16. 
16. 
17. 
18. 
19. 
20. 
21. 
22. 
2:). 
24. 
25. 
26. 
27., 
28. 
20. 
30. 
81. 


Jan. 


6.6 

6.6 

8.1 

8.8 

8.7 

8.4 

0.0 

0.8 

10.0 

0.3 

8.1 

8.3 

11.2 

22.9 

32.9 

37.1 

37.9 

35.2 

26.3 

18.7 

19.0 

19. 

17. 

14.9 

12.2 

10.5 

9.7 

8.5 

7.7 

6.9 

6.8 


0 
4 


Feb. 


6.5 
0.2 
0.0 
5.8 
5.5 
5.4 
5.3 
6.8 
8.1 
11.6 
11.8 
10.6 
8.0 
7.7 
7.2 
7.4 
8.0 
7.0 
7.6 
7.7 
7.9 
8.0 
8.0 
8.4 
7.9 
7.5 
6.7 
6.4 
5.9 


Mar. 


5.7 
6.6 
6.5 
5.3 
5.1 
5.0 
4.9 
5.0 
6.0 
7.1 
8.0 
7.9 
7.6 


7. 
6. 
6. 
6. 


6.6 
7.5 
8.2 


8. 
7. 
7. 
8. 


9.0 

9.5 

10.0 

10.6 

10.3 

9.7 

9.4 


Apr. 


9.1 

8..'{ 

7.4 

6.8 

6.5 

8.5 

21.7 

31.6 

34.2 

34.3 

31.0 

26.6 

18.0 

12.9 

11.7 

10.9 

10.0 

9.4 

8.8 

12.3 

16.2 

16.3 

15.5 

14.8 

13, 5 

13.7 

13.6 

10.4 

9.1 

8.8 


May. 

Juno. 
5.6 

July. 
6.6 

Aug. 
4.2 

Sept. 

8.7 

2.1 

8.2 

5.4 

5.6 

4,1 

1.8 

7.0 

6.5 

5.6 

4.2 

1.7 

7.3 

6.8 

5.4 

4.0 

1.6 

7.4 

8.8 

6.6 

4.1 

1.8 

7.0 

9.2 

8.9 

4.9 

2.2 

G.G 

9.3 

11.2 

4.2 

2.1 

6.3 

8.7 

11.8 

3.8 

2.0 

6.2 

8.6 

10.1 

3.6 

2.0 

5,9 

8.3 

8.6 

3.3 

1.0 

5.6 

7.8 

9.0 

3.3 

2.0 

5.7 

8.0 

9.5 

3.1 

1.8 

5.7 

8.1 

9.4 

3.6 

2.1 

6,5 

7.8 

8.9 

3.6 

2,1 

6.3 

6.0 

8.7 

3.7 

2.1 

5.2 

5.3 

8.5 

3.5 

3.1 

6.1 

4.8 

8.4 

3.1 

4.6 

4.8 

4.4 

8.1 

2.9 

4.1 

5.1 

4.4 

7.5 

2.8 

3.6 

5.5 

4.3 

7.2 

2.8 

3.0 

6.1 

7.0 

6.9 

8.0 

2.8 

6.5 

7.8 

6.2 

2.9 

3.0 

6.9 

7.4 

5.G 

2.9 

2.6 

7.1 

7.1 

5.4 

3.0 

2.8 

7.6 

6.9 

6.2 

2.7 

2.3 

7.8 

6.8 

5.0 

2.8 

3.6 

6.7 

6.7 

4.6 

3.2 

3.6 

6.2 

7.3 

4.5 

3.6 

3.1 

5.8 

7.5 

4.3 

4.4 

2.6 

6.7 

7.2 

4.1 

3.8 

2.4 

5.6 

8.8 

8.3 

Oct 


2.2 
2.0 
1.9 
1.8 
1.7 
1.6 
1.6 
1.5 
1.5 
1.5 
1.6 
1.5 
1.4 
1.4 
1.4 
1.4 
1.4 
1.3 
1.3 
1.2 
1.2 
1.2 
1.2 
1.2 
1.2 
1.1 
1.1 
1.1 
1.1 
1.1 
1.1 


1.1 
1.2 
1.2 
1.6 
2.0 
2.3 
2.4 
2.4 
2.9 
4.4 
5.9 
6.6 
7.0 
4.4 
4.2 
4.8 
5.6 
6.2 
6.4 
6.2 
5.5 
4.8 
4.4 
4.2 
3.9 
3.4 
3.1 
3.0 
3.0 
3.6 


4.1 
4.0 
3.8 
3.7 
3.6 
3.6 
3.3 
3.2 
3.2 
3.0 
2.9 
2.7 
2.6 
2.6 
3.3 
3.4 
5.3 
8.1 
8.7 
8.4 
9.1 
9.3 
8.9 
7.8 
6.7 
5.8 
5.2 
4.8 
4.3 
3.9 
8.3 


DiVB.] 


GAGE    HEIGHTS   ON   OHIO    RIVKR    BASIN. 
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Tennessee  Biver  at  Chattanooga,  Tennessee,  for  1898. 


Day 


1.... 

2.... 

3.... 

4.... 

5.... 

6.... 

7... 

8..., 

9... 

10... 

11... 

12... 

13... 

U... 

15... 

M... 

17... 

18... 

W... 

30... 

21... 

22... 

23... 

24... 

»... 

26... 

27... 

28... 

29... 

30... 

31... 


Jan. 

Feb. 

Mar. 

8.4 

▲pr. 

May. 

June. 

July. 

Aug. 

Sept. 

Oct. 

Nov. 

Dec. 
2.5 

3.4 

10.4 

5.5 

10.2 

7.4 

3.0 

2.6 

8.4 

2.6 

3.1 

3.8 

12.1 

l-^ 

5.3 

0.6 

8.0 

3.8 

2.5 

6.8 

2.5 

3.0 

3.9 

4.7 

10.6 

5.1 

11.0 

10.0 

4.2 

3.1 

5.0 

2.4 

2.8 

3.7 

5.7 

8.6 

8.9 

5.1 

18.4 

8.1 

5.2 

3.5 

6.2 

2.4 

2.7 

4.1 

&e 

8.0 

8.7 

5.1 

24.5 

6.6 

4.8 

3.3 

6.0 

2.6 

2.6 

4.3 

5.3 

7.7 

0.0 

5.2 

28.2 

8.3 

3.0 

3.2 

4.0 

2.5 

2.5 

4.7 

5.2 

7.0 

9.1 

5.4 

30.0 

16.0 

3.8 

4.0 

4.3 

2.0 

2.4 

4.7 

4.7 

6.5 

8.8 

\.\ 

28.2 

20.7 

3.5 

5.0 

3.5 

3.1 

2.4 

4.5 

4.0 

6.1 

8.8 

18.0 

10.1 

3.4 

4.1 

3.2 

2.0 

2.3 

4.1 

3.8 

6.2 

9.4 

5.1 

12.8 

15.2 

3.6 

3.8 

2.8 

2.0 

2.4 

4.0 

3.4 

8.5 

11.1 

5.1 

11.7 

11.8 

8.4 

3.3 

2.8 

2.6 

2.5 

3.7 

2.0 

14.7 

11.7 

5.0 

10.4 

8.0 

3.4 

3.0 

3.7 

2.5 

4.8 

3.2 

2.3 

21.8 

11.5 

4.8 

9.4 

7.3 

3.3 

2.7 

5.8 

2.4 

3.8 

3.1 

(a) 

23.6 

12.0 

10.2 

8.8 

6.8 

3.2 

2.5 

10.0 

2.5 

3.6 

3.0 

(a) 

22.6 

10.6 

12.1 

8.1 

6.5 

3.0 

2.8 

12.7 

2.0 

3.5 

2.0 

(a) 

21.3 

0.5 

10.4 

7.8 

6.2 

2.8 

2.0 

0.6 

1.7 

3.0 

3.0 

(a) 

23.6 

8.4 

8.6 

0.4 

5.6 

2.7 

3.8 

8.0 

0.6 

2.8 

3.2 

(a) 

20.4 

7.6 

7.4 

10.4 

5.4 

2.8 

5.2 

7.0 

6.4 

2.7 

3.5 

(a) 

32.4 

7.0 

6.5 

8.0 

5.3 

3.0 

4.0 

6.1 

5.7 

2.5 

3.8 

<a) 

33.4 

6.7 

6.4 

7.7 

5.2 

3.2 

4.0 

5.1 

5.2 

2.6 

3.0 

(a) 

82.8 

6.3 

7.2 

7.4 

5.4 

3.5 

2.0 

4.2 

4.1 

2.6 

3.0 

(a) 

28.5 

6.0 

7.2 

6.7 

5.6 

3.6 

2.6 

3.6 

3.4 

2.6 

3.5 

2.9 

18.2 

5.8 

7.1 

6.1 

5.7 

4.6 

2.4 

3.4 

3.1 

2.5 

3.3 

3.1 

12.3 

5.7 

6.8 

5.7 

5.4 

5.2 

2.3 

3.2 

2.8 

2.5 

3.1 

3.1 

10.4 

6.4 

6.7 

5.4 

5.0 

5.5 

2.2 

3.0 

3.1 

2.4 

2.0 

3.4 

0.3 

6.8 

6.0 

5.2 

5.6 

3.7 

1.0 

2.0 

3.3 

2.5 

2.8 

3.7 

8.4 

6.8 

5.7 

5.0 

6.2 

3.4 

1.8 

2.7 

4.0 

2.6 

2.7 

3.8 

8.2 

6.3 

7.0 

4.6 

5.1 

2.0 

1.6 

2.6 

4.6 

2.8 

2.6 

4.4 

5.9 

9.5 

5.4 

4.7 

3.7 

1.6 

2.4 

4.0 

2.7 

2.5 

5.3 

5.8 

10.4 

6.5 

4.1 

2.6 

1.7 

2.5 

3.5 

2.5 

2.7 

7.1 

5.7 

7.4 

2.6 

1.6 

3.2 

3.1 

a  Frozen  at  gage. 


Tennessee  River  at  Chattanooga,  Tennessee,  for  1894, 


Day. 

Jan. 

1 

Fell. 
5.1 

Mar. 
7.7 

Apr. 
5.0 

May. 

3.0 

June. 

July. 

Aug. 

Sept 
4.0 

Oct 

Nov. 

Dec. 

1 

2.0 

3.8 

4.4 

2.0 

0.8 

1.4 

1.0 

2 

3.4 

3.8 

5.0 
4.0 

8.2 
0.4 

4.8 
5.4 

3.8 
3.7 

3.6 
3.5 

4.0 
3.7 

2.9 
2.0 

3.8 
3.0 

.0 
1.0 

1.7 
2.8 

1.0 
.9 

3 

* 

3.0 

5.5 

9.7 

5.3 

3.7 

3.4 

4.4 

2.8 

2.6 

1.5 

1.6 

.9 

5 

3.5 
3.1 
4.0 

21.0 
25.5 
23.0 

0.5 
0.3 
8.5 

6.8 
6.0 
7.2 

3.6 
3.5 
3.4 

3.3 
3.2 
2.0 

4.2 
3.7 
3.2 

2.0 
3.0 
2.0 

2.1 

2.0 
1.8 

1.8 
1.8 
1.5 

1.4 
1.5 
1.5 

.9 
.9 
.9 

1 

7 

8 

6.1 

10.7 

8.2 

7.4 

3.3 

2.8 

3.3 

2.0 

1.7 

1.3 

1.3 

.9 

3 

0.3 

16.1 

7.0 

6.6 

3.4 

2.6 

3.1 

3.0 

1.5 

1.1 

1.2 

l.l 

10 

0.0 

16.0 

7.2 

5.7 

3.3 

2.5 

3.3 

2.6 

1.4 

1.0 

1.1 

1.2 

11 

8.5 

16.7 

6.0 

5.0 

3.2 

2.5 

8.7 

2.3 

1.4 

.8 

1.0 

1.6 

12 

7,0 
8.3 

15.4 
15.2 

6.6 
6.7 

7.2 
8.5 

4.7 
5.1 

2.4 
2.3 

3.3 
2.7 

2.1 
1.0 

1.4 
1.3 

.0 
1.2 

1.0 
.0 

3.8 

8.6 

13 

14 

8.0 

14.1 

7.2 

7.8 

4.8 

2.3 

2.4 

1.8 

1.2 

1.0 

.8 

11.1 

15 * 

7.8 

12.2 

7.0 

7.2 

4.3 

2.2 

2.1 

2.0 

1.5 

2.4 

.8 

11.2 

1« "' 

7.8 

10.3 

6.0 

6.7 

4.0 

2.1 

1.0 

3.6 

1.8 

2.1 

.8 

10.8 

17 ' 

7.1 

9.5 

6.8 

6.3 

4.1 

2.0 

1.8 

4.6 

1.8 

1.7 

.8 

8.6 

w....     ■" 

7.2 

8.6 

7.3 

5.5 

5.2 

2.1 

2.8 

3.5 

2.0 

1.4 

.7 

6.6 

l>... 

6.3 

8.4 

7.4 

6.0 

5.0 

2.4 

2.4 

3.0 

2.0 

1.1 

.8 

4.7 

JB....     

6.0 

8.3 

7.7 

5.1 

5.4 

2.5 

2.4 

3.1 

1.6 

1.0 

.9 

4.2 

21...       

5.3 

8.5 

7.1 

4.0 

5.6 

2.6 

3.3 

3.6 

1.5 

.0 

.0 

3.6 

a....    *" 

5.0 

8.7 

8.8 

4.8 

6.2 

2.5 

3.7 

3.7 

1.5 

.8 

.9 

3.2 

».... 

5.0 

8.8 

8.7 

4.7 

6.8 

2.3 

8.8 

4.0 

1.8 

.8 

1.0 

2.8 

24...      

5.2 

8.2 

8.1 

4.6 

6.0 

2.2 

3.4 

3.6 

1.8 

.8 

1.0 

2.7 

»... 

5.3 

7.0 

7.7 

4.5 

7.1 

2.2 

4.0 

3.0 

1.6 

.8 

1.1 

2.5 

28...      

5.2 

7.6 

7.3 

4.3 

6.7 

2.5 

1.4 

2.6 

1.3 

.8 

1.2 

2.4 

t  K... 

5.4 

7.7 

7.0 

4.2 

6.0 

2.6 

3.0 

2.2 

1.1 

.7 

1.2 

4.2 

28...        

5.4 

7.7 

6.5 

4.1 

5.6 

2.7 

3.8 

2.7 

1.0 

.7 

1.1 

6.9 

29..        

5.1 

5.0 

4.0 

5.1 

2.0 

3.6 

2.4 

.0 

.7 

1.1 

8.4 

30...      

5.0 

5.7 

4.0 

4.7 

4.3 

8.3 

2.7 

.8 

1.0 

1.1 

7.9 

31....    

4.0 

5.2 

4.2 

3.3 

4.3 

1.1 

5.8 

46 


RIVER    HEIGHTS   FOR   1896. 


[NO.  U. 


Tennessee  River  at  ChattanoogUf  Tenneeeee,  for  1S96, 


Day. 


1 

2 

3 

4 

b 

0 

7 

8 

9 

10 

11 

12 

13 

14 

15 

10 

17 

18 

10 

20 

21 

22 

23 

24 

25 

26 

27 

28 

29 

30 

31 


Jan. 


4.7 
3.9 

8.3 

8.2 

3.1 

8.1 

3.3 

4.0 

10.9 

20.5 

28.5 

82.1 

31.2 

28.3 

19.5 

12.3 

10.9 

10.0 

9.7 

9.1 

9.6 

10.2 

9.9 

9.1 

10.8 

10.8 

10.0 

9.3 

8.8 

8.0 

8.4 


Feb. 


7.6 

7.2 

7.3 

7.5 

7.6 

7.4 

6.9 

6.5 

6.4 

5.0 

4.0 

8.3 

4.2 

(a) 

4.3 

4.7 

4.7 

4.2 

4.7 

4.6 

6.1 

5.6 

6.1 

6.7 

6.8 

6.5 

6.3 

6.8 


Har. 


e.8 

7.8 
12.1 

18.2 

19.9 

1&2 

13.4 

10.5 

9.2 

8.6 

&1 

7.5 

7.8 

8.0 

8.7 

9.4 

9.2 

9.6 

9.4 

8.9 

14.3 

20.6 

22.7 

22.0 

18.2 

13.0 

11.3 

10.6 

9.5 

8.9 

8.4 


Apr. 


7.8 

7.4 

6.8 

6.5 

6.8 

6.2 

6.0 

9.6 

10.7 

11.4 

13.0 

12.5 

10.4 

8.8 

7.9 

7.4 

7.0 

9.0 

11.8 

11.8 

9.9 

8.6 

7.7 

7.1 

6.7 

6.3 

6.0 

6.0 

5.0 

5.9 


May. 


6.0 
5.8 
5.5 
5.4 
5.7 
6.0 
6.5 
7.0 
8.2 
8.6 
9.0 
8.8 
8.9 
9.5 
9.0 
8.2 
7.7 
7.1 
7.0 
7.2 
7.1 
6.7 
6.5 
5.8 
5.0 
5.0 
7.0 
7.5 
7.4 
6.7 
6.0 


June 


5.6 
5.2 
4.8 
4.5 
4.2 
4.4 
4.6 
5.2 
5.1 
4.6 
4.2 
8.8 
3.6 
3.5 
3.4 
3.4 
3.8 
3.7 
3.5 
3.2 
3.1 
8.2 
8.1 
3.0 
2.9 
2.9 
2.6 
2.5 
2.5 
2.6 


July.'  Aug. 


8.2 
8.4 
3.8 
4.0 
4.5 
5.0 
5.0 
5.1 
5.5 
5.7 
5.1 
4.4 
3.8 
8.4 
8.2 
8.2 
8.7 
3.6 
8.3 
3.0 
2.7 
2.7 
2.5 
2.4 
2.4 
2.9 
8.8 
10.2 
10.4 
7.4 
5.3 


4.4 
4.1 
3.8 
3.5 
3.4 
3.0 
3.2 
3.8 
3.3 
8.0 
8.0 
3.9 
3.2 
2.9 
2.8 
2.7 
8.1 
4.3 
4.9 
5.7 
5.8 
6.1 
5.3 
4.8 
4.6 
4.7 
4.2 
8.7 
8.5 
3.7 
3.4 


Sept. 


8.8 
3.4 
8.2 
3.1 
2.9 
2.8 
2.8 
2.8 
2.5 
2.4 
2.3 
2.4 
2.5 
2.4 
2.8 

a.  2 

2.1 
2.8 
2.2 
2.0 
2.1 
1.9 
1.6 
1.4 
1.3 
1.3 
1.2 
1.1 
1.0 
0.9 


Got. 


0.9 

.8 

.8 

.8 

.8 

.8 

.8 

.9 

.8 

.9 

1.0 

1.0 

1.0 

1.0 

.9 

1.0 

1.0 

1.0 

.9 

.9 

.8 

.8 


1.0 


Nov. 


1.1 
1.2 
1.3 
L6 
L6 
1.3 
1.8 
1.2 
1.1 
L2 
L3 
1.7 
8.1 
2.4 
2.2 
8.0 
1.9 
1.8 
1.7 
1.5 
1.3 
1.1 
1.3 
1.4 
1.3 
1.3 
1.8 
1.3 
1.3 
1.5 


Deo. 


1.4 
1.5 
1.4 
1.4 
1.4 
1.6 
1.5 
1.4 
1.8 
1.3 
1.4 
1.5 
1.8 
1.9 
2.0 
1.9 
1.8 
1.7 
1.6 
1.5 
1.6 
2.1 
8.8 
4.2 
4.6 
4.3 
4.2 
4.5 
5.2 
4.7 
4.7 


aFroEen. 


Tennessee  River  at  Chattanoogaf  Tennessee,  for  1896. 


Day. 


Jan. 


1 

2 

3 

4 

5 

6 

7 

8 

9 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

26 

27 

28 

20 

30 

wX •*«••• ■ *•••■• 


4.9 

5.0 
4.9 
4.9 
4.7 
4.3 
8.6 
3.3 
3.S 
8.2 
3.1 
3.1 
2.9 
2.7 
2.6 
2.4 
2.3 
2.3 
2.3 
2.3 
2.3 
2.5 
3.1 
5.0 
6.5 
8.2 
8.0 
7.0 
6.0 
6.3 
4.8 


Feb, 

Mar. 

Apr. 

May. 

Jnne. 

Jnly. 

Aug. 

Sept. 

Oct. 

4.4 

4.1 

14.8 

3.4 

2.6 

3.3 

5.6 

a.  4 

2.5 

6.2 

3.9 

27.7 

8.4 

8.0 

8.2 

5.2 

2.1 

2.8 

10.0 

8.8 

34.4 

3.4 

4.4 

3.1 

4.8 

1.9 

2.6 

11.6 

3.7 

38.8 

3.5 

5.7 

3.2 

4.6 

1.8 

3.0 

10.5 

3.6 

40.5 

4.0 

5.2 

3.3 

4.5 

1.6 

2.7 

9.3 

3.5 

36.0 

4.6 

4.7 

3.2 

4.9 

1.6 

2.6 

11.8 

3.4 

23.8 

4.6 

4.1 

3.6 

5.0 

1.5 

2.1 

14.0 

3.5 

11.6 

4.3 

8.5 

5.0 

4.2 

2.0 

1.7 

13.8 

3.5 

9.0 

4.0 

8.5 

3.0 

3.8 

2.8 

1.5 

13.2 

3.4 

8.0 

8.7 

4.5 

14.2 

3.4 

2.7 

1.4 

12.8 

3.6 

7.2 

3.4 

7.0 

21.1 

8.3 

2.4 

1.2 

11.4 

3.0 

6.7 

8.1 

6.3 

21.6 

8.4 

2.0 

1.2 

10.1 

3.8 

0.2 

2.9 

5.1 

15.6 

3.2 

1.8 

1.2 

11.1 

3.8 

5.8 

2.8 

4.3 

11.5 

8.2 

1.6 

1.2 

12.8 

3.7 

5.5 

2.7 

3.6 

11.2 

3.1 

1.6 

1.5 

13.6 

3.8 

5.2 

2.6 

8.2 

11.4 

3.0 

1.5 

1.7 

12.5 

5.5 

5.0 

2.5 

3.0 

n.o 

8.0 

1.3 

1.6 

11.0 

10.1 

4.8 

2.4 

2.8 

13.0 

2.9 

1.4 

1.6 

9.0 

13.1 

4.2 

2.4 

2.9 

12.5 

2.7 

1.4 

1.7 

7.6 

15.7 

4.4 

2.2 

3.1 

9.6 

2.6 

1.3 

1.6 

6.7 

13.8 

4.2 

2.1 

3.7 

7.6 

2.4 

1.2 

1.6 

6.0 

11.2 

4.1 

2.1 

8.5 

6.5 

2.4 

1.2 

1.4 

5.4 

0.5 

4.1 

2.5 

3.5 

8.5 

3.2 

1.3 

1.2 

4.9 

8.4 

4.0 

8.2 

3.3 

8.8 

2.2 

1.4 

1.2 

4.7 

7.9 

4.0 

8.6 

3.1 

8.6 

2.8 

1.6 

1.2 

4.6 

7.5 

3.8 

3.8 

2.9 

7.8 

2.6 

2.0 

1.2 

4.5 

7.2 

3.8 

3.2 

2.6 

11.1 

2.7 

1.7 

1.2 

4.4 

6.7 

3.8 

8.1 

2.6 

12.2 

3.2 

1.5 

1.2 

4.2 

6.3 

8.6 

2.8 

2.8 

9.3 

4.0 

1.6 

1.1 

5.8 

8.6 

2.7 

3.0 

7.2 

3.6 

2.7 

1.1 

7.7 

2.5 

6.2 

2.8 

1.3 

Nov. 


1.2 
1.2 
1.3 
1.5 
1.5 
1.6 
2.8 
3.5 
4.2 
4.1 
3.3 
3.2 
5.8 
7.3 
6.5 
5.5 
4.9 
4.3 
3.8 
3.4 
8.0 
2.8 
2.5 
2.4 
2.3 
2.2 
2.1 
2.2 
5.8 
0.4 


Dec 


2.4 
2.5 
2.6 
2.6 
2.6 
2.7 
2.0 
3.0 
2.8 
2.8 
2.7 
2.6 
2.4 
2.6 
4.1 
6.5 
6.6 
6.3 
6.4 
6.8 
7.0 
7.2 
7.3 
7.0 
6.6 
5.0 
5.3 
4.8 
4.4 
3.7 
8.0 


DAVIS.] 


GAGE    HEIGHTS   IN   UPPER   MISSOURI   BASIN, 
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Misaouri  Biver  at  Totcnsend,  Montana, 


Day 


1.. 
2.. 
3.- 
4.. 

5.- 
6.. 
7.- 
8.. 
9.. 

10.. 

11.. 

12.. 

13.. 

14... 

15.. 

16.. 

17... 

18.. 

19... 

20.. 

21... 

22... 

23... 

24.. 

25.. 

28.. 

27... 

28... 

29... 

30... 

31... 


Jan. 


92.3 
92.2 
91.8 
91.4 
91.4 
91.6 
91.6 
91.6 
91.8 
91.8 
92.0 
91.9 
91.9 
91.9 
91.9 
91.9 
01.9 
91.9 
91.8 
91.8 
91.8 
91.8 
91.8 
91.8 
91.8 
91.8 
91.7 
91.7 
91.7 
91.6 
9J.6 


Feb.    Mar 


91.6 
91.6 
91.6 
91.6 
91.6 
91.6 
91.6 
91.6 
91.6 
91.5 
91.5 
91.5 
91.5 
91.5 
91.5 
91.5 
91.5 
91.5 
91.5 
91.5 
91.5 
90.5 
90.4 
90.3 
89.8 
89.6 
89.2 
88.4 
88.8 


88.8 
90.9 
90.7 
90.7 
90.7 
90.7 
90.7 
00^7 
90.7 
90.7 
90.7 
92.2 
90.0 
89.4 
89.0 
88.8 
88.0 
88.6 
88.8 
89.0 
89.1 
8il.l 
89.1 
89.1 
89.1 
89.1 
89.1 
89.1 
89.0 
88.9 
88.9 


Apr. 


88.9 
88.9 
88.9 
88.9 
88.9 
88.9 
88.0 
89.0 
89.0 
80.0 
89.0 
89.0 
88.9 
88.9 
88.9 
88.9 
88.9 
88.9 
88.9 
88.9 
89.0 
89.0 
80.1 
89.1 
89.1 
89.1 
89.2 
89.2 
89.4 
89.5 


Hay. 


89.5 
80.5 
89.5 
89.5 
89.6 
89.7 
89.8 
89.9 
90.0 
90.0 
89.9 
89.8 
89.8 
89.7 
89.6 
89.6 
89.6 
89.7 
89.7 
89.8 
89.8 
89.8 
90.0 
90.0 
90.2 
90.4 
90.4 
90.6 
91.1 
91.5 
91.6 


June. 


91.8 
92.2 
92.  G 
93.0 
03.6 
93.7 
98.8 
93.7 
93.8 
93.9 
94.2 
04.5 
94.4 
94.4 
04.5 
91.6 
94.7 
94.8 
94.8 
94.9 
94.7 
94.6 
94.5 
94.2 
93.8 
93.4 
92.8 
02.6 
92.4 
92.2 


July. 


Aug. 


92.0 

89.1 

92.0 

89.1 

91.8 

89.1 

91.6 

89.1 

91.4 

89.1 

91.2 

83.1 

91.0 

89.1 

91.0 

89.1 

90.7 

89.1 

90.6 

89.1 

90.4 

89.1 

90.4 

89.0 

90.5 

88.9 

90.6 

88.9 

90.8 

88.9 

90.6 

88.9 

00.5 

88  9 

00.2 

88.9 

90.0 

88.8 

80.8 

88.8 

89.7 

88.8 

89.7 

88.8 

89.7 

88.8 

89.6 

88.8 

89.6 

l»o»  O 

89.5 

88.8 

89.4 

8H  7 

89.4 

88.7 

89.3 

88.7 

89.3 

88,7 

89.2 

88.8 

Sept. 


88.9 
89.0 
88.9 
88.9 
88.9 
88.9 
88.9 
88.9 
88.9 
80. 0 
89.1 
80.1 
89.1 
89.1 
89.1 
89.1 
89.1 
89.0 
89.0 
89.0 
89.0 
89.1 
89.1 
89.1 
89.1 
89.1 
89.1 
89.0 
88.9 
88.0 


Oct. 


88.9 
88.9 
88.9 
88.9 
88.9 
88.9 
88.9 
88.9 
88.9 
88.9 
80.0 
88.9 
88.9 
88.9 
88.9 
88.9 
88.9 
88.9 
88.9 
88.9 
88.9 
88.9 
88.8 
88.8 
88.8 
88.8 
88.8 
88.9 
88.9 
89.0 
89.0 


Nov. 
89.0 

Dec. 

91.5 

89.0 

91.8 

88.0 

92.2 

88.9 

92.8 

88.9 

92.9 

88.9 

92.9 

88.9 

92.9 

88.9 

92.9 

89.0 

92.9 

89.0 

92.9 

89.1 

92.9 

89.1 

92.9 

89.2 

92.8 

89.2 

92.8 

89.2 

92.6 

83.2 

02.2 

89.2 

91.9 

89.1 

91.4 

89.1 

91.4 

89.1 

91.4 

89.1 

89.8 

89.1 

89.7 

89.1 

89.5 

89.1 

89.3 

89.1 

80.3 

90.6 

89.2 

90.6 

89.2 

90.6 

89.1 

90.6 

89.0 

00.8 

88.0 

88.9 

1 

2 
3 
4 

5 
6 

7 
8 
0 

10 

a 

12 
13 
14 
15 
16 
17 
18 
18 
20 
21 
22 
23 
24 
25 
26 
27 
28 
2» 
30 
31 


Day. 


Jan. 


Went  Gallatin  Sirer,  near  Saleeville,  Montana, 

June 


3.  CO 
8.70 
8.60 
8.50 
3.85 
3.90 
4.00 
8.75 
3.40 
3.10 
3.00 
2.90 
2.90 
2.00 
3.0C 
8.00 
3.00 
3.00 
3.00 
2.90 
2.00 
2.90 
3.00 
3.00 
3.00 
3.00 
2.90 
2.90 
2.00 
2.00 
2.90 


Feb. 

Mar. 

Apr. 

May. 

2.90 
2.90 
2.90 
2.90 
2.00 
2.00 
2.90 
2.00 

2.70 
2.60 
2.70 
2.70 
2.80 
2.80 
2.85 

3.25 
3.25 
3.30 
3.45 
3.45 
3.45 
3.40 
3.35 
3.35 
3.35 
3.85 
3.35 
3.80 
3.80 
3.30 
3.80 
3.20 
3.20 
3.20 
3.25 
3.30 
3.40 
3.50 
4.10 
4.10 
4.00 
4.10 
4.40 
4.40 
8.90 
4.90 

2.90 

2.90 
3.00 
3.00 
3.00 
3.00 
3.00 
3.00 
3.00 
8.00 
8.00 
3.00 
3.10 
8.10 
2.95 
2.95 
2.95 
3.00 
2.05 
2.00 
2.75 

...... 

...... 

3.00 
3.00 
3.00 
2.90 
3.00 
2.00 
2.90 
2.00 
2.90 
2.90 
2.90 
2.00 
3.00 
3.00 
3.00 
3.15 
3.20 
3.20 
3.30 
3.30 
3.30 

5.45 
6.05 
5.95 
5.85 
5.05 
5.60 
5.60 
6.0J 
6.95 
7.85 
7.10 
6.65 
6.75 
7.15 
7.20 
7.50 
7.50 
7.90 
7.8.) 
7.35 
6.95 
6.50 
0.20 
6.00 
5.90 
5.85 
5.80 
5.55 
5.50 
5.50 


July. 


5.55 
5.45 
5.30 
5.15 
5.05 
4.05 
4.95 
4.85 
4.75 
4.70 
4.70 
4.75 
4.85 
4.75 


4. 
4. 

4. 
4. 
4. 
4. 
4. 
4. 
4. 
3. 


60 
45 
30 
25 
20 
10 
00 
00 
00 
90 


3.90 
3.80 
3.70 
8.70 
3.85 
3.70 
3.60 


Aug. 

Sept. 

Oct. 

3.60 

3.40 

3.40 

3.70 

3.40 

3.40 

3.80 

8.40 

3.40 

3.75 

3.40 

3.35 

3.70 

3.40 

3.40 

3.70 

3.30 

3.40 

3.70 

8.30 

3.30 

8.70 

3.30 

3.85 

8.65 

3.30 

3.45 

3.55 

3.30 

3.50 

3.50 

3.40 

3.40 

3.50 

8.40 

8.30 

3.50 

3.40 

8.30 

3.50 

3.45 

3.30 

3.50 

3.45 

8.30 

3.50 

3.40 

3.30 

3.50 

3.40 

8.20 

3.50 

3.40 

3.20 

3.50 

3.40 

3.20 

3.40 

3.40 

3.20 

3.50 

3.80 

3.20 

3.45 

3.30 

3.20 

3.40 

3.30 

8.20 

3.40 

3.30 

3.20 

3.40 

3.50 

8.20 

3.35 

3.45 

3.20 

3.30 

8.40 

8.20 

3.30 

3.40 

3.20 

3.30 

3.30 

8.10 

3.30 

3.40 

3.10 

3.40 

i 

*    3.10 

Nov. 


8.10 
3.10 
3.10 
3.10 
8.10 
3.10 
3.05 
3.05 
3.15 
3.20 
8.10 
3.10 
3.15 
3.20 
3.20 
8.20 
3.20 
3.10 
3.10 
3.10 
8.05 
3.20 
3.20 
8.10 
3.00 
2.80 
2.70 
2.70 
2.70 
2.70 
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[NO.  11. 


Middle  Creek  at  Bozeman,  Montana. 


Day. 

Apr. 

May. 

Jane. 

Jnly. 

Aug. 

Sept. 

Oct. 

1 

2        

0.25 

3 

0.90 

4       

0.10 

0.90 

5 

0.20 

6 

7 

1.05 

t                           i 

8 

1.15 

1 

0.35 

9 : 

.33 

10 

11 

.30 

::;::::  :  :::: 

12 

1.20 

.28 

13 

14 

......... 

16 

.68 

* 

16 

.26 

1.30 

i 

17 

.28 



.22 

.21 

0.21 

18 

19 

.60 



20 

..••••.. 

21 

::::::::::::::::: 

22 

.48 

• 

.20 

23 

1.10 

24 

.20 

.80 

25 

.23 

26 

27 

.03 

28 

.22 

29 

.43 

30 

1.80 

31 

Gallatin  River  at  Logan,  Montana. 


l)«y. 


1 

o 

M 

3 
4 

5 
6 
7 
8 
9 
10 
II 
12 
13 
14 
15 
10 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 


Jan. 


(a) 
(a) 
(«) 
(a) 
(a) 

(a) 
(a) 
(o) 
(a) 

(a) 
(rt) 
(o) 
(a) 
(a) 

(a) 
(a) 
(«) 
(a) 

(a) 
(a\ 

ia) 

(a) 

(a) 

(a) 

(a) 

(a) 

(a) 

1.10 

1.10 

1.10 

1.00 


Feb. 


1.00 

.90 

.90 

1.00 

.90 

.00 

1.00 

1.05 

1.00 

1.00 

1.20 

.05 

.00 

.90 

.90 

.90 

.00 

.90 

.00 

.90 

1.00 

.95 

.90 

.95 

1.00 

1.00 

1.00 

1.00 

1.00 


Apr. 

May. 

»•«•*• 

1.30 

•■•*•• 

1.20 



1.20 



1.20 



1.40 

«••••• 

1.65 

•    w    •    •    • 

1.50 

1.45 

1.10 

1.50 

1.10 

1.60 

1.10 

1.50 

1.05 

1.50 

1.00 

1.50 

1.10 

1.40 

1.10 

1.40 

1.10 

1.30 

1.00 

1.30 

1.00 

1.30 

1.00 

1.30 

1.00 

1.30 

1.00 

1.30 

1.00 

1.80 

l.OO 

1.30 

1.00 

1.35 

1.05 

1.70 

1.10 

1.80 

1.10 

1.80 

1.20 

2.05 

1.20 

2.30 

1.20 

2.50 

2.70 

June. 


3.20 
3.65 
3.80 
3.95 
8.80 
3.75 
3.75 
3.70 
4.20 
5.10 
5.15 
4.60 
4.50 
4.66 
4.75 
5.20 
5.45 
5.60 
5.10 
4.85 
4.60 
4.40 
4.25 
4.05 
3.80 
3.55 
8.40 
3.26 
3.10 
2.95 


July. 

Aug. 

2.75 

1.20 

2.65 

1.10 

2.60 

1.10 

2.50 

1.10 

2.35 

1.10 

2.20 

1.10 

2.00 

1.10 

1.90 

1.10 

1.80 

1.10 

1.65 

1.05 

1.50 

1.00 

1.50 

1.00 

1.75 

1.00 

1.60 

1.00 

1.70 

1.00 

1.60 

1.00 

1.50 

1.00 

1.40 

1.00 

1.40 

1.00 

1.40 

1.00 

1.40 

1.00 

1.30 

1.00 

1.30 

1.00 

1.20 

1.00 

1.10 

1.00 

1.10 

1.00 

1.10 

1.00 

1.10 

1.00 

1.20 

1.00 

1.20 

1.00 

1.20 

1.00 

Sept. 


1.00 

1.00 

1.00 

1.00 

l.W 

.90 

.90 

.90 

.90 

1.00 

1.10 

1.20 

1.10 

1.05 

1.00 

1.00 

1.00 

1.00 

.95 

.05 

.95 

.95 

.95 

.95 

1.10 

1.15 

1.05 

1.05 

1.05 

1.00 


Oct. 


1.00 
1.00 
1.00 
1.05 
1.10 
1.06 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
.95 
.05 
1.00 
1.00 
1.00 
1.00 
1.00 
.05 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 


Nov. 

Doc- 

1.00 

1.00 


1.00 


1.00 


1.00 


1.00 


1.00 


1.83 
1.10 


1.10 


1.10 


1.00 

1.66" 


a  Frozen. 
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Madison  Biver  at  Thre^orks,  Montana, 


1 
2 
3 

4 

5 

6 

7 

8 

9 
10 
11 
12 
13 
14 
15 
16 
17 
18. 
18 
20 
21 
22 
2S. 
SA 
25. 
26. 
27. 
28 
29 
30. 
31 


Jan. 

Feb. 

Apr. 

Hay. 

1.00 

1.10 

0.30 

.00 

1.10 

.30 

—  .60 

1.00 

.30 

—  .60 

1.00 

.30 

—  .60 

.90 

.30 

.60 

.90 

.30 

—  .<5 

.90 

••*••«•• 

.30 

—  .35 

.90 

0.20 

.85 

—  .95 

.90 

.20 

.40 

+1.20 

.90 

.20 

.40 

1.20 

.80 

.20 

.30 

1.15 

.80 

.15 

.30 

1.05 

.80 

.10 

.30 

1.00 

.80 

.15 

.30 

1.00 

.80 

.30 

.25 

1.00 

.80 

.20 

.20 

1.00 

.80 

.20 

.20 

1.10 

.80 

.20 

.20 

1.20 

.80 

.20 

.20 

1.20 

.80 

.20 

.25 

1.20 

.80 

.20 

.30 

1.20 

.80 

.15 

.35 

1.20 

.80 

.10 

.40 

1.20 

.90 

.10 

.45 

1.20 

.90 

.10 

.55 

1.20 

.90 

.20 

.70 

1.20 

.90 

.20 

.76 

1.20 

.90 

.20 

.86 

1.20 

.80 

.25 

.95 

1.10 

.30 

1.05 

1.10 

1.20 

June. 


1.35 
1.45 
1.55 
1.76 
1.95 
2.05 
1.95 
1.95 
2.30 
2.55 
2.65 
2.75 
2.70 
2.75 
2.80 
2.95 
3.05 
3.15 
3.20 
8.10 
3.10 
3.00 
2.85 
2.70 
2.55 
2.45 
2.40 
2.30 
2.20 
2.15 


2.10 
2.00 


1. 
1. 
1. 
1. 
1. 


90 

85 

80 

70 

60 

1.50 

1.45 

1.40 

1.30 

1.35 

1.35 

1.30 

1.80 

1.80 

1.80 

1.20 

1.15 

1.10 

1.05 

1.00 

.90 

.90 

.80 

.80 

.80 

.70 

.75 

.80 

.80 


Aug. 

Sept. 

Oct. 

0.80 

0.50 

0.45 

.80 

.50 

45 

.70 

.50 

.48 

.70 

.50 

.50 

.70 

.50 

.50 

.70 

.50 

.50 

.60 

.50 

.50 

.60 

.50 

.50 

.60 

50 

.48 

.60 

.50 

.45 

.60 

.50 

.45 

.60 

.53 

.45 

.50 

.65 

.45 

.60 

.55 

.45 

.50 

.55 

.45 

.50 

.50 

.45 

.50 

.50 

.45 

.50 

.45 

.46 

.50 

.45 

.46 

.50 

.45 

.46 

.45 

.45 

.45 

.40 

.45 

.45 

.40 

.45 

.45 

.40 

.45 

.45 

.40 

.48 

.45 

.40 

.50 

.46 

.40 

.50 

.45 

.40 

.50 

.45 

.40 

.50 

.40 

.40 

.50 

.40 

.40 

.40 

Jefferson  River  at  Sapping  ton,  Montana. 


Day. 


1 
2 
3 
4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

IS 

16 


Jan. 

Sept 

Oct 

Nov. 

Deo. 

(a) 
(a) 

(a) 
(a) 
(o) 
<a) 
(o) 
(tt) 
(a) 
(a) 
(a) 
(a) 
(a) 
(a) 
(a) 
(a) 

0.88* 

.90 

.92 

.97 

1.00 

1.04 

1.00 

0.87 
.90 
.88 
.90 
.90 
.90 
.90 
.90 
.90 
.90 
.90 
.88 
.87 
.87 
.87 
.88 

0.96 

^ 

1 

.81 

1 

1.90 

t 

2.20 

Day. 


17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 


Jan. 


(a) 
(a) 
0.50 
1.00 
1.50 
1.00 


(a) 
(a) 


Sept 


0.98 
.97 
.90 
.90 
.87 
.85 
.84 
.86 
.89 
.90 
.90 
.86 
.84 
.86 


Oct 


0.89 
.89 
.88 
.87 
.86 
.87 
.87 
.87 
.87 
.86 
.91 
.93 
.94 
.94 
.93 


Nov. 


1.20 
i.26' 


Deo. 


2.10 


2.10 


a  Frosen. 


Little  Goose  Creek  at  Sheridan,  Wyoming. 


Day. 


1.. 

2.. 

3.. 

4.. 

5.. 

6.. 

7.. 

8.. 

9.. 
10.. 
11.. 


May. 


1.70 
1.70 
1.70 
1.80 
1.80 
2.00 
2.30 
2.00 
2.20 
2.40 
2.00 


June. 


1.75 
2.45 
2.30 
2.50 
2.30 
2.00 
1.80 
1.75 
1.90 
1.95 
1.60 


July. 


0.70 
.70 
.70 
.75 
.80 
.75 
.75 
.75 
.76 
.80 
.80 


Day. 

May. 

June. 

12.. 

2.00 

1.30 

13.. 

1.80 

1.35 

14.. 

1.80 

1.30 

15.. 

1.80 

1.35 

16.. 

1.60 

1. 10 

17.. 

1.60 

1.10 

18.. 

1.50 

.90 

19.. 

1.40 

.75 

20.. 

1.30 

.75 

21.. 

1.40 

.75 

22.. 

1.55 

.75 

July. 


0.80 
.80 
.85 
.80 
.85 
.80 
.95 
.80 
.80 
.80 
.80 


Day. 


May. 


23.. 

1.50 

24.. 

1.95 

25.. 

2.10 

26.. 

1.70 

27.. 

1.70 

28.. 

1.85 

29.. 

1.75 

80.. 

2.50 

31.. 

1.80 

June. 


0.75 
.75 
.75 
.75 
.75 
.75 
.75 
.70 


July. 


0.80 
.85 
.80 
.80 
.80 
.90 
.80 
.80 
.85 
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[NO.  11. 


Biff  Goose  Creek  at  Sheridufif  Wyoming, 


1. 

2. 

8. 

4. 

6. 

6. 

7. 

8. 

9. 
10. 
11. 
12. 
13. 
14. 
15. 

le. 


1 

1 

2.55 

2.60 

•  •  •  •  ■ 

2.55 

2.45 

2.45 

!  2.50 

2.60 

May. 

2.90 

2.80 

2.80 

3.00 

3.20 

3.40 

3.20 

2.00 

3.60 

8.40 

8.20 

3.40 

8.40 
3.20 
3.40 


Jane. 

July. 

3.70 

2.25 

3.45 

2.40 

5.10 

2.40 

4.90 

2.40 

4.20 

2.40 

4.10 

2.45 

3.75 

2.  30 

4.25 

2.35 

4.25 

2.25 

4.90 

2.10 

4.10 

2.M 

3.00 

2.20 

8.00 

2.10 

3.40 

2.25 

3.35 

2.10 

3.30 

2.00 

Ang. 


2.35 
2.10 
2.20 
2.15 
2.35 
2.20 
2.15 
2.10 
2.10 
2.20 
1.65 
1.90 
1.80 
1.85 
1.85 
1.90 


Sept. 


1.50 
1.50 
1.60 
I.  SO 
1.50 
1.60 
1.70 
1.70 
1.50 
1.60 
1.70 
1.70 
1.50 
1.40 
1.40 
1.80 


Day. 


Apr.  May. 


17 2.60 

18 2.55 

19 2.50 

Jnl  •  •  •  •  •      £9  Ao 

21 2.55 

22 i  2.50 

23 2.50 

24 -  2.60 

25 1  2.60 

26 2.75 

27 '  2.85 

28 2.95 

29 2.85 

30.  ...   2.90 

OA •••••    •••«•« 


2.00 
8.20 
3.60 
3.00 
3.00 
3.50 
3.50 
2.95 
8.90 
3.10 
3.45 
8.50 
3.15 
4.80 
4.40 


Jane. 

July. 

Aug. 

3.15 

2.10 

1.90 

3.10 

2.75 

1.85 

3.05 

2.10 

1.90 

3.10 

2.15 

1.90 

3.15 

2.80 

1.90 

3.10 

2.30 

1.90 

2.80 

2.60 

1.90 

2.75 

2.45 

1.90 

2.80 

2.85 

1.80 

2.70 

2.25 

1.80 

2.66 

2.40 

1.80 

2.65 

2.40 

1.80 

2.60 

2.85 

1.70 

2.06 

2.25 

1.90 

2.45 

2.00 

Sept. 


1.50 
1.40 
1.40 
1.50 
1.60 
1.50 
1.40 
1.50 
1.40 
1.50 

i.eo 

1.50 
1.70 
1.80 


Clear  Creek  near  Buffalo^  Wyoming, 


Day. 


May.  June.' July.  Aug. 


I 


0.80 
.80 
.85 
.85 
.80 
.85 
.80 
.85 
.80 
.80 
.80 
.75 
.70 
.75 
1.20 
1.50 


1.00 
.90 
.80 
.95 
.90 
.80 
.70 
.90 
.00 
.75 
.70 
.68 
.65 
.65 
.65 
.65 


Sept. 

Oct. 

0.56 

•■••••• 

.60 

««••«•• 

.62 

•*»•»«• 

.66 

■  •••••• 

.66 

•  «••••• 

.64 

••«*«■■ 

.62 

. 

.60 

6.52 

.62 

.64 

.64 

.62 

.64 

.50 

.64 

.48 

.66 

.48 

.64 

.48 

.60 

.48 

.60 

.48 

Day. 


May. 


17...- 
18.... 
19..., 
20.... 
21.... 
22.... 
23.... 
24.... 
26.... 
26.... 
27.... 
28... 
29.... 
30..-. 
81.... 


0.70 

.70 

.70 

.75 

.70 

.70 

.85 

1.20 

1.30 

1.20 

1.10 

1.10 

1.30 

1.70 

1.70 


June.  Jul V. 


1.25 
1.30 
1.20 


.80 
.80 
.80 
.85 


Laramie  Biver  at  Woods  Landing,  Wyoming. 


Day. 


1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

26 

27 

28 

29 

30 

31 


Apr.      May. 


June. 


July.      Aug.  .   Sept. 


0.95 

.80 

1.05 

1.00 

1.00 

.00 

.80 

.75 

.85 

.95 

1.25 

1.30 

1.40 

1.60 

1.75 

1.85 

2.05 

1.65 

1.75 


1.60 
1.5.'i 
1.55 
1.60 
1.65 
1.05 
2.15 
2.25 
2.00 
2.00 
^.06 
1.90 
1.75 
1.70 
1.65 
1.60 
1.60 
1.70 
1.85 
1.76 
1.75 
1.75 
1.83 
1.97 
2.02 
2.15 
2.00 
2.10 
2.10 
3.25 
2.83 


2.40 
2.28 
2.15 
2.30 
2.30 
2.05 
1.95 
1.85 
1.85 
1.90 
2.20 
1.00 
1.70 
1.90 
1.95 
1.85 
1.70 
1.65 
1.60 
1.55 
1.50 
1.45 
1.50 
1.35 
1.35 
1.35 
1.80 
1.20 
1.20 
1.20 


1.20 

1.10 

1.10 

1.00 

1.00 

.90 

.80 

.80 

.80 

.70 

.70 

.70 

.80 

.95 

1.05 

.85 

1.30 

1.15 

1.15 

.05 

.95 

.85 

1.25 

1.40 

1.30 

1.40 

1.40 

1.25 

1.00 

.90 

.80 


0.60 

.80 

.80 

.80 

.80 

.80 

.70 

.70 

.75 

.70 

.70 

.60 

.60 

.60 

.60 

.60 

.75 

.85 

1.00 

1.30 

1.30 

1.48 

1.35 

1.02 

.90 

.85 

.80 

.80 

.95 

1.15 

1.15 


1.00 

.90 

.88 

.80 

.75 

.70 

.80 

.80 

.90 

1.15 

1.25 

1.20 

1.05 

.95 

.80 

.85 

.85 

1.00 

1.00 

1.00 

1.00 

1.05 

1.10 

1.15 

1.00 

1.15 

1.30 

1.15 

1.15 

1.05 


Oct. 


1.00 
1.00 
1.05 
1.00 
1.05 
1.00 
1.05 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
I.OU 
1.00 
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Laramie  River  at  Uva,  Wyoming, 


Day. 

Apr. 

May. 

Jane. 

July. 

Aug. 

Sept. 

Oct. 

1 

1.40 
1.60 
2.30 
2.30 
2.10 
2.00 
2.00 
2.10 
2.10 
2.30 
2.40 
2.40 
2.50 
2.50 
2.40 
2.40 
2.20 
2.00 
1.90 
1.90 
1.60 
1.40 
1.40 
1.60 
1.70 
1.70 
1.60 
1.60 
1.50 
1.70 
1.90 

2.90 
4.00 
4.60 
3.80 
8.00 
2.70 
2.70 
2.80 
2.50 
2.30 
2.00 
1.50 
1.40 
1.40 
1.80 
1.30 
1.20 
1.20 
1.10 
1.00 
1.00 
1.10 
1.00 
1.10 
1.20 
1.10 
1.00 
1.00 
1.00 
.90 

0.90 

.80 

1.00 

.90 

.85 

.80 

.80 

.80 

.75 

.70 

.70 

.70 

.70 

.70 

.70 

.80 

.80 

2.00 

1.80 

1.70 

1.40 

1.40 

1.20 

1.10 

1.00 

1.00 

1.00 

1.00 

.00 

.90 

.80 

0.70 

.70 

.70 

.80 

.80 

.70 

.70 

.60 

.70 

.70 

.80 

.80 

.10 

.90 

1.00 

1.00 

1.20 

1.40 

3.20 

3.00 

1.70 

1.20 

1.00 

1.00 

.90 

.90 

.90 

.82 

.82 

.80 

.80 

0.80 
.80 
.72 
.72 
.72 
.72 
.72 
.72 
.70 
.70 
.70 
.70 
.72 
.72 
.72 
.80 
.80 
.82 
.82 
.82 
.82 
.00 
.90 
.00 
.82 
.82 
.80 
.80 
.80 
.90 

0.90 
.82 
.82 
.82 
.80 
.80 
.80 
.80 
.80 
.80 
.80 
.80 
.80 
.80 
.80 

2 

3 : 

4 

5 

1     6 

1.80 
1.80 
1.75 
1.76 
1.60 
1.60 
1.50 
1.50 
1.60 
1.70 
1.80 
1.70 
1.70 
1.40 
1.90 
1.80 
1.80 
1.70 
1.70 
1.80 
1.30 
1.70 
1.70 
2.00 
1.40 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

19 

21 

23 

25 

27 

29 

81 

North  Platte  River  at  Orin,  Wyoming, 


Day. 

Apr. 

May. 

June. 

Jnl}'. 

2.13 
2.03 
2.00 
2.00 

'*"i.'76' 
1.62 
1.52 
1.48 
1.40 
1.25 

'"i.'i8" 

1.10 
2.30 
2.20 
1.78 
1.65 

***2.'45* 
2.35 
2. 10 
2.08 
1.85 
1.73 

"*i'63* 
1.53 
1.50 
1.60 
1.50 

Aug. 

Sept. 

Oct. 

Deo. 

1 

4.67 
4.45 

5.70 
5.07 
6.07 
5.85 
5.45 
6.00 

*4.*86' 
4.68 
4.45 
4.25 
4.08 
4.25 

"4."  is' 

3.05 
8.75 
3.55 
3.63 
3.73 

'"3.'93* 
3.70 
3.83 
3.05 
2.85 
2.65 

'**2.'36" 
2.23 

1.68 

1.58 
1.48 
1.88 
1.28 
1.18 

"i.'is' 

.08 
.05 
.90 
.90 
.83 

"'i.'os' 

.80 
.00 
1.10 
.78 
.85 

"".*87" 
1.05 
1.67 
1.45 
1.87 
1.42 

'"i."27' 

1.20 
1.20 
1.27 
1.30 
1.40 

'i.'i7' 

1.07 
1.17 
1.20 
1.07 
.97 

i.23 
1.30 
1.85 
1.42 
1.87 
1.27 

1.17 
1.32 
1.87 

« 

2 

2.30 

3 

4 

4.05 
4.00 
4.00 
4.17 
4.87 
4.62 

5 

1.30 
1.27 
1.22 
1.17 
1.12 
1.10 

6 

7 

8 

9 

1.00 

10 

11 

5.02 
4.86 
4.82 
4.87 
4.75 
4.56 

'"4.O8" 
8.87 
3.70 
3.50 
3.37 
8.35 

"3.*  42" 
8.75 
4.22 
4.60 
4.70 
4.87 

12 

1.15 
1.10 
1.10 
1.10 

1.00 

13 

2.68 
3.10 
3.47 
3.65 
8.62 
3.45 

14 

15 

'"2. "66" 

16 

17 

18 

19 

2.10 

20 

8.05 
8.00 
2.92 
3.10 
3.35 
3.60 

21 

1.17 
1.07 
.97 
.95 
.00 
.90 

22 

23 

24 

25 

20 

1.80 

27 

4.05 
4.40 
4.55 
4.62 

28 

1.02 
1.07 
1.10 

29 

30 

31 

BITEB   HEIGHTS   FOB   lt>9S. 

Xortk  PUtU  Si'-tr  at  yarik  PImtIt,  Xt^rmika. 

J>B.    F«b.    Apr.    MsT     Job*.    Julv.     Aqje.    Sppt       0 


ITS 


1 K       ZM      LM 


3,  SI       1  *•  !  ; 


J.«a     i.To     i.w  I  105 
i!h     i.w     i!su  I  &M 


.■^■fk  Plolle  £jrar  al  Ihamtbarf,  Colorado. 


\.^\t^ 

>Ur.  Apr.lUy.  JB 

«..!  Jul,.  ;ab«. 

Sept 

Oe*. 

K«." 

Doe. 

■  'l^\l» 

IjO.T^ 

2.70  12.78.  0.»8  1  l-3« 

1.80 

,  J, 

I.N 

0.W 

2.««     2.78       ,«l  '  1.35 

l.BO 

L(5 

1.20 

3.  OS ;  «.i2 

2.«4  ' 

.M  '1.32 

1.C8 

1.42 

1.20 

iIto 

3.*S'  3,» 

a.  Oil 

u 

,MI  1,2» 

l-» 

1.45 

>S.1« 

3.  20      3.  M 

1.42 

3. 17 

xw\i.K 

3. 23  '  4.  M 

'.w\  i!iT 

1.4D 

a.  08 

.    iil     3.12 

3:1s 

.05!  1.12 

:ao 

i.se 

LM 

.  j.a   S.17 

3:11  \i.M 

3.;s 

.W      1.02 

.25 

'.tm 

t.M 

..    ■i.i\     3.19 

».»ois,7a 

w 

1.03  1     .W 

3.00 

.      3.M      S.W 

3.  H  1  9.  3« 

2:05 

80 

.kI     .83 

'.«. 

i;42 

L20 

2.M 

I.3t  1  S.SS 

2.i-i 

w 

.82       .77 

1.81 

«0 

!88 

:  yua.siiT 

3!  :<»  '  !i!  OH 

i.M    1 

1:42 

-V! 

s. »  :  S.  22 

3.3:1     8-47 

45 

.70       .73 

1.30 

.n 

2.80 

. .    B,  »1     S.  IT 

3.  IS  1  «.  UO 

.     S,IN-      8.WI 

3.  3»  ,  «.  47 

2!  3D      1 

4D 

'.M 

'.n 

..    l.H      3.Z! 

J.M     0,11 

2.31      1 

a*    1.77  ,   ,»« 

1.30 

i.at 

.      U.  M      3. 2! 

5,72 

3D,  1.72  !l,70 

].2« 

S.  DO  1  3.  IB 

i,W     2.41      1 

l!54 

1,33 

!is 

3.u!3.28 

3:07 

S.41     2,24     1 

2* 

2:a>;  licg 

1.37 

.      9.l»  ,  H.M 

3.M 

LM 

2.77 

..     3.08      3.13 

3.87 

i.M  '•  2.12     1 

2. 11     1!  42 

1:28 

:oT 

9.02     3,31 

3.07 

&.M     2.20     1 

25 

1.02     1.72 

i.K 

l.in 

2.72 

3.01      3. 20 

5,01     2.40     1 

2.H) 

.,   ».»s!8,M 

e.  TO     2. 43     1 

alu  ,  liai 

lias 

B.ai 

B3.42  1  2.40     1 

2!  80 

.  j!m   siu 

«.92 

3.  to     2. 40      1 

2.35    i.m 

\.M 

2.07  13.10 

0.15 

3.  B3  '  2.  50      1 

03 

3.  IT      1.03 

.      S.1W  13.23 

G.W 

3.  IB     2. 48      1 

i.Bl     1.07 

3.«l' 

■  ^■'"i-:.- 

s!o« 

..'....    2:71    .. 

1:54  1:40 

liso 

2!  70 

o  December  3,  ■Utien  No. ! 


l>ec«nLber  4  to  31,  al 
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South  Platte  River  at  Denver,  Colorado. 


Day. 


1. 
2. 
3. 
4. 
5. 
6. 

4. 

8. 

9. 
10. 
11. 
12. 
13. 
14. 
IS- 
IS. 
17. 
18. 
19. 
20. 
21. 
22. 
23. 
24. 
25. 
26. 
?7. 
28. 
29. 
30. 
31. 


Jan. 

Feb. 

Mar. 

3.45 

3.55 

4.00 

3.50 

3.50 

3.95 

3.55 

4.20 

4.15 

3.60 

8.85 

4.05 

3.50 

3.70 

4.00 

3.45 

3.85 

3.95 

3.40 

3.80 

3.95 

3.35 

3.75 

4.15 

3.30 

3.70 

4.25 

3.60 

3.85 

4.15 

3.75 

3.35 

4.15 

3.80 

8.15 

4.15 

8.85 

4.00 

4.20 

3.70 

3.00 

4.05 

3.70 

3.75 

4.15 

3.65 

3.90 

4.25 

3.75 

4.00 

4.15 

3.R5 

4.05 

4.00 

3.60 

4.10 

4.15 

3.70 

4.06 

4.20 

3.95 

3.95 

4.10 

3.80 

3.95 

4.25 

3.70 

4.00 

4.50 

3.75 

4.05 

4.55 

3.75 

4.00 

4.70 

3.85 

4.10 

4.85 

3.70 

4.05 

4.75 

3.75 

4.00 

4.70 

3.90 

4.06 

4.75 

4.00 

4.65 

3.80 

4.55 

Apr. 


4.45 
4.50 
4.65 
4.55 
4.50 
4.45 
4.60 
4.55 
4.70 
4.55 
4.45 
4.50 
4.65 
4.90 
4.85 
5.05 
5.10 
4.95 
5.00 
4.90 
4.85 
4.«> 
5.05 
5.00 
6.10 
5.25 
5.70 
5.65 
5.75 
6.60 


May. 

June. 

Jnly. 

Aug. 

Sept. 

Oct. 

Kov. 

j^OC* 

5.55 

6.20 

4.65 

4.35 

5.10 

4.90 

4.65 

4.60 

5.35 

5.30 

4.60 

4.30 

5.20 

5.00 

4.70 

4.70 

5.10 

5.05 

4.10 

4.60 

5.15 

5.00 

4.65 

4.70 

5.10 

5.00 

(a) 

4.50 

4.95 

4.60 

4.70 

4.65 

5.20 

4.95 

(a) 

4.30 

4.86 

4.60 

4.65 

4.65 

6.10 

4.90 

(O) 

4.35 

4.85 

4.45 

4.70 

4.65 

5.00 

4.90 

(a) 

4.30 

4.90 

4.55 

4.65 

4.80 

5.05 

4.90 

4.10 

4.25 

4.80 

4.50 

4.70 

4.90 

4.95 

4.75 

4.20 

4.20 

4.85 

4.45 

4.73 

4.90 

4.70 

4.05 

4.25 

4.30 

6.06 

4.35 

4.80 

4.90 

4.75 

4.50 

4.10 

4.25 

5.05 

4.30 

4.75 

4.85 

4.45 

4.55 

4.00 

4.30 

5.10 

4.40 

4.85 

4.80 

4.35 

4.60 

4.00 

4.20 

5  05 

4.45 

4.90 

4.85 

4.66 

4.00 

4.30 

4.25 

6.00 

6.10 

4.85 

4.90 

4.60 

4.40 

4.25 

4.05 

6.05 

5.00 

4.80 

4.80 

5.00 

4.45 

4.45 

4.00 

5.00 

4.85 

4.70 

4.80 

4.60 

4.25 

4.40 

4.80 

5.00 

4.80 

4.65 

4.75 

4.85 

4.05 

4.70 

4.35 

5.05 

4.90 

4.70 

4.80 

4.80 

4.10 

4.00 

4.50 

5.15 

4.96 

4.70 

4.75 

4.75 

4.10 

4.30 

4.50 

5.00 

6.10 

4.76 

4.85 

4.60 

4.10 

4.45 

(f>) 

4.95 

5.10 

4.80 

4.80 

4.40 

4.10 

4.60 

(b) 

5.00 

5.15 

4.80 

4.75 

4.40 

4.15 

4.45 

(b) 

4.90 

5.20 

4.80 

4.80 

4.40 

4.20 

4.45 

(b) 

4.80 

5.10 

4.90 

4.80 

4.95 

4.60 

5.50 

(b) 

6.00 

5.05 

4.90 

4.75 

4.85 

4.55 

5.05 

4.80 

5.05 

5.00 

4.90 

4.80 

4.80 

4.50 

4.95 

4.85 

5.10 

4.00 

tc) 

4.70 

4.85 

4.45 

4.80 

4.85 

5.10 

5.00 

(«) 

4.75 

4.95 

4.65 

4  90 

4.80 

4.95 

4.90 

(e) 

4.80 

4.85 

4.65 

4.85 

4.85 

5.00 

4.70 

(0 

4.65 

6.0O 

4.65 

6.00 

4.65 

4.60 

a  July  4  to  7  water  below  gage.  b  September  21  to  25  sand  in  front  of  gage.         e  Frozen. 

South  Platte  River  at  Orohard,  ColoradOy  for  1895-96, 


3 
4 


8 
9 

10 
11 
12 

n 

14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 


Day. 


1895. 


Nov. 


! 

' 

4.00 
4.05 
4.05 
4.10 
4.10 
4.10 
4.10 
4.15 
4.15 

Dec. 


4.15 
4.10 
4.10 
4.10 
4.10 
4.10 
4.10 
4.05 
4.00 
4.00 
4.00 
4.00 
3.95 
3.95 
3.95 
3.95 
3.05 
3.90 
3.90 
3.90 
3.95 
3.96 
8.96 
3.90 
3.90 
3.90 
3.85 
3.80 
3.80 
3.85 
3.85 


1896. 


Jan. 


3.85 
3.85 
3.90 
3.95 
4.00 
4  (-0 
4.05 
4  10 
4.10 
4.00 
4.00 
3.05 
3.90 
3.80 
3.90 
d.95 
4.00 
4.00 
4.00 
4.00 
4.00 
4.00 
4.00 
4.00 
4.00 
4.00 
4.00 
4.00 
4.00 
4.10 
4.10 


Feb.  a 


4.15 


3.90 
3.H5 
3.85 
3.85 
8.85 
3.85 
8.85 
3.80 
3.80 
3.75 
8.75 
3.70 
3.70 
3.70 


Mar. 


3.70 
8.70 
8.70 
3.75 
3.80 
3.85 
3.90 
3.00 
3.90 
3.85 
3.80 
3.75 
3.70 
3.70 
3.70 
3.70 
3.70 
3.75 
3.75 
3.80 
3.80 
3.80 
3.75 
3.70 
3.70 
3.75 
3.75 
3.80 
8.85 
3.80 
3.70 


Apr. 


3.70 
3.70 
8.75 
4.00 


Dec. 


4.26 
4.25 
4.45 
4.60 
4.65 
4.65 
4.65 
4.65 
4.50 
4.45 
4.40 
4.60 
4.60 
4.80 
5.00 
5.20 
4.80 
4.30 
4.00 
3.85 
3.80 
3.  SO 
3.80 
3.80 
3.80 
3.80 
3.75 
3.75 
3.75 
3.75 
3.75 


a  February  2  to  15  observer  away ;  no  record. 
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[NO.lL 


Tenne88ee  River  at  Chaiianoogay  Tenneuee,  for  1S96, 


Day. 


1 

2 

3 

4 

5 

G 

7 

8 

0 

10 

11 

12 

13 

14 

15 

10 

17 

18 

19 

20 

21 

22 

23 

24 

25 

26 

27 

28 

29 

30 

31 


Jmi. 

Feb. 

M«r. 

Apr. 

May. 

June. 

July. 

Aug. 
4.4 

Sept. 

Oct. 

Nov. 
1.1 

4.7 

7.6 

e.8 

7.8 

6.0 

5.6 

3.2 

8.8 

0.9 

3.9 

7.2 

7.8 

7.4 

5.8 

5.2 

3.4 

4.1 

3.4 

.8 

1.2 

S.3 

7.3 

12.1 

6.8 

5.5 

4.8 

3.8 

3.8 

8.2 

.8 

1.3 

8.2 

7.5 

18.2 

6.5 

5.4 

4.5 

4.0 

3.5 

3.1 

.8 

L6 

3.1 

7.6 

19.9 

6.3 

6.7 

4.2 

4.5 

3.4 

2.9 

.8 

L6 

8.1 

7.4 

1&2 

6.2 

6.0 

4.4 

5.0 

3.0 

2.8 

.8 

1.3 

8.3 

6.9 

13.4 

6.0 

6.5 

4.6 

5.0 

3.2 

2.8 

.8 

1.8 

4.0 

6.5 

10.5 

9.6 

7.0 

5.2 

5.1 

3.8 

2.8 

.9 

1.2 

10.9 

0.4 

9.2 

10.7 

8.2 

5.1 

5.5 

3.3 

2.6 

.8 

1.1 

20.6 

5.0 

8.6 

11.4 

8.6 

4.6 

5.7 

8.0 

2.4 

.9 

1.2 

28.5 

4.0 

&1 

13.0 

9.0 

4.2 

5.1 

3.0 

2.3 

1.0 

L3 

32.1 

3.3 

7.6 

12.5 

8.8 

3.8 

4.4 

2.9 

2.4 

1.0 

1.7 

31.2 

4.2 

7.8 

10.4 

8.9 

3.6 

3.8 

3.2 

2.5 

1.0 

2.1 

28.3 

(a) 

8.0 

8.8 

9.5 

8.5 

8.4 

2.9 

2.4 

1.0 

2.4 

19.5 

4.3 

8.7 

7.9 

9.0 

3.4 

8.2 

2.8 

2.3 

.9 

2.2 

12.3 

4.7 

9.4 

7.4 

8.2 

3.4 

8.2 

2.7 

2.2 

1.0 

2.0 

10.9 

4.7 

9.2 

7.0 

7.7 

3.8 

8.7 

3.1 

2.1 

1.0 

1.9 

10.0 

4.2 

9.6 

9.0 

7.1 

3.7 

3.6 

4.8 

2.3 

1.0 

1.8 

9.7 

4.7 

9.4 

11.8 

7.0 

3.5 

8.3 

4.9 

2.2 

.9 

1.7 

9.1 

4.6 

8.9 

11.8 

7.2 

3.2 

3.0 

5.7 

2.0 

.9 

1.5 

9.6 

5.1 

14.3 

9.9 

7.1 

3.1 

2.7 

5.3 

2.1 

.8 

1.3 

10.2 

6.6 

20.6 

8.6 

6.7 

8.2 

2.7 

6.1 

1.9 

.8 

1.1 

9.9 

6.1 

22.7 

7.7 

6.5 

3.1 

2.5 

5.3 

1.6 

.7 

1.3 

9.1 

6.7 

22.0 

7.1 

5.8 

3.0 

2.4 

4.8 

1.4 

.7 

1.4 

10.8 

6.8 

18.2 

6.7 

5.6 

2.9 

2.4 

4.6 

1.3 

.7 

1.3 

10.8 

6.5 

13.0 

6.3 

5.6 

2.9 

2.9 

4.7 

1.3 

.7 

1.3 

10.0 

6.3 

11.3 

0.0 

7.0 

2.6 

8.8 

4.2 

1.2 

.7 

1.3 

9.3 

6.3 

10.6 

6.0 

7.5 

2.5 

10.2 

8.7 

1.1 

.7 

1.3 

8.8 

9.5 

5.0 

7.4 

2.5 

10.4 

3.5 

1.0 

.7 

1.3 

8.0 

8.9 

5.9 

6.7 

2.6 

7.4 

8.7 

0.9 

.7 

1.6 

8.4 

8.4 

6.0 

5.3 

3.4 

1.0 

Deo. 


1.4 
L5 
1.4 
1.4 
1.4 
1.6 
1.5 
1.4 
1.8 
1.3 
1.4 
1.5 
L8 
1.9 
2.0 
1.9 
1.8 
1.7 
1.6 
1.5 
1.6 
2.1 
8.3 
4.2 
4.6 
4.3 
4.3 
4.5 
6.2 
4.7 
4.7 


a  Frozen. 


Tennessee  River  at  Chattanooga,  Tennessee,  for  1896. 


Day. 


1 

2 

3 

4 

5 

6 

7 

8 

0 

10 

II 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

36 

27 

28 

28 

30 

31 


Jan. 

Feb. 

Mar. 

4.9 

4.4 

4.1 

6.0 

6.2 

8.9 

4.9 

10.0 

3.8 

4.9 

11.6 

3.7 

4.7 

10.5 

3.6 

4.3 

9.3 

3.5 

3.6 

11.8 

3.4 

3.8 

14.0 

3.5 

3.S 

13.8 

3.5 

3.2 

13.2 

3.4 

3.1 

12.8 

3.6 

3.1 

11.4 

3.6 

2.9 

10.1 

3.8 

2.7 

11.1 

3.8 

2.6 

12.8 

3.7 

2.4 

13.6 

3.8 

2.3 

12.5 

5.5 

2.3 

11.0 

10. 1 

2.3 

9.0 

13.1 

2.3 

7.6 

15.7 

2.3 

6.7 

13.8 

2.5 

6.0 

11.2 

3.1 

5.4 

9.5 

6.0 

4.9 

8.4 

6.5 

4.7 

7.9 

8.2 

4.6 

7.5 

8.0 

4.5 

7.2 

7.0 

4.4 

6.7 

6.0 

4.2 

6.2 

5.3 

5.8 

4.8 

7.7 

Apr. 


14.8 

27.7 

34.4 

38.8 

40.5 

36.9 

23.8 

11.6 

9.0 

8.0 

7.2 

6.7 

6.2 

5.8 

5.5 

5.2 

5.0 

4.8 

4.2 

4.4 

4.2 

4.1 

4.1 

4.0 

4.0 

8.8 

3.8 

3.8 

8.6 

3.6 


May. 

June. 
2.6 

July. 

Aug. 

Sept. 

Oct. 

Nov. 

Dec 

3.4 

3.3 

5.6 

2.4 

2.6 

1.2 

2.4 

3.4 

8.0 

3.2 

5.2 

2.1 

2.8 

1.2 

2.6 

3.4 

4.4 

3.1 

4.8 

1.9 

2.6 

1.3 

2.6 

8.5 

5.7 

3.2 

4.6 

1.8 

3.0 

1.5 

2.6 

4.0 

5.2 

3.3 

4.5 

1.6 

2.7 

1.5 

2.6 

4.6 

4.7 

3.2 

4.9 

1.6 

2.6 

1.6 

2.7 

4.6 

4.1 

3.6 

5.0 

1.5 

2.1 

2.3 

2.9 

4.3 

8.5 

6.0 

4.2 

2.0 

1.7 

3.6 

3.0 

4.0 

8.5 

3.9 

3.8 

2.8 

1.5 

4.2 

2.8 

3.7 

4.6 

14.2 

3.4 

2.7 

1.4 

4.1 

2.8 

3.4 

7.0 

21.1 

3.3 

2.4 

1.2 

3.3 

2.7 

3.1 

6.8 

21.6 

8.4 

2.0 

1,2 

3.2 

2.6 

2.9 

5.1 

15.6 

3.2 

1.8 

1.2 

6.8 

2.4 

2.8 

4.3 

11.5 

3.2 

1.6 

1.2 

7.3 

2.6 

2.7 

3.6 

11.2 

3.1 

1.6 

1.5 

6.5 

4.1 

2.6 

3.2 

11.4 

3.0 

1.5 

1.7 

5.5 

6.6 

2.5 

3.0 

11.0 

3.0 

1.3 

1.6 

4.9 

6.6 

2.4 

2.8 

13.9 

2.9 

1.4 

1.6 

4.3 

6.8 

2.4 

2.9 

12.5 

2.7 

1.4 

1.7 

3.8 

6.4 

2.2 

3.1 

9.6 

2.6 

1.3 

1.6 

3.4 

6.8 

2.1 

3.7 

7.6 

2.4 

1.2 

1.6 

3.0 

7.0 

2.1 

8.5 

6.5 

2.4 

1.2 

1.4 

2.8 

7.2 

2.5 

3.5 

8.5 

S.2 

1.3 

1.2 

2.6 

7.3 

8.2 

3.3 

8.8 

2.2 

1.4 

1.2 

2.4 

7.0 

8.6 

3.1 

8.6 

2.8 

1.6 

1.2 

2.3 

6.6 

3.8 

2.9 

7.8 

2.6 

2.0 

1.2 

2.2 

6.9 

3.2 

2.6 

11. 1 

2.7 

1.7 

1.2 

2.1 

6.3 

8.1 

2.6 

12.2 

3.2 

1.5 

1.2 

2.2 

4.8 

2.8 

2.8 

9.3 

4.0 

1.6 

1.1 

6.3 

i.4 

2.7 

3.0 

7.2 

3.6 

2.7 

1.1 

9.4 

3.7 

2.5 

6.2 

2.8 

1.3 

8.0 

GAGE    HEIGHTS   IN   UPPEB   UISSOUKI   BA8IN. 
Minouri  Bicer  ai  Totmwnd,  M«nlaHtt. 


\          B.,.. 

Jm. 

Feb. 

Mof. 

Apr. 

8«.R 

«lt.B 

%a.o 

8S.il 

w'.i 

B9.1 
W.  1 
Sf.l 

8a.  2 

8»!4 
8»-S 

e».5 

i; 

gti.ii 
m.ii 

M.O 
8B.6 

8»;b 

•LB 

J. 

PB 

July. 

Aug, 

S*pt 
88, » 

88!g 
bb!i 
sa.o 

8B.  1 
SB,  1 

8tl!l 

8s!d 
sg!ii 

8«!a 
sais 
8s!b 
sais 

B8.8 
88^8 

88.0 

au.u 

8H.B 

aa^B 
sbIo 

SB.1 

so!:: 

SB.  2 

aBii 

88!  I 

8b!i 

8«  1 

Mke 

90.  a 

ihi!b 

n'.2 

»2.» 

si,B 
B2:e 

83.2 

Bi:< 

seis 

SB.  9 

j 

SLB 

Bile 

8l!s 
B1.5 

K.i 
W.t 

M.4 
81.8 

(11  11 

92  0     "»  T 

s 

«< 

91 

» 
SI 

5 

81 

81 
8» 
W 
8* 

* 
B 

»< 

W 
(H 

W.7 

SB.  a 

HB.B 
80.  S 

8S!3 

89!  1 

SI 

sail 

SB,  1 

gs.9 

88^8 
SS-S 

ii 

ex.1 

1          1 - 

!  I:::::::::;:: 

'  iJ::::::;:::::: 

I::::::::::::: 
ii;::::::;:::'.'.'. 

; »::::;:::;;.;:. 

» 

1;=;:;;::;; 

9 

a 

'         D.,. 

Jul. 

!  !::;:::::;::■;: 

3  80 

3;w 

,00 

S.M 
2.W 

a!  90 
a,  BO 

:oo 

3.» 

aw 

1  ^;;::::::::::; 
iu:::::::::::::: 

see;;;; 
1  §;;;;;;;;;;;;; 

K 

s::::;;;;;;;;;; 

TFwt  (lallaUn  Birtr,  near  SalatriUe,  ilontana. 
July. 
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Middle  Creek  at  Bozeman,  Montana. 


D»y. 

Apr. 

May. 

June. 

July. 

Aug. 

Sept. 

1 

2 

0.25 

3     

0.90 

4 

0.10 

0.90 

5 

0.20 

6 

7 

1.05 

'"6.35' 

1 

g 

1.15 

1 

9 : 

.33 

10 

11 

.30 

"".'28 

12 

1.20 

13 

14 

.27 

16 

.88 

.26 

1.30 

1 

17 

.28 

*"'.*22' 
.21 

19 

.60 

21 

.48 

• 

.20 

23 

1.10 

.20 

.80 

...... ..| 

25 

.23 

27 

.93 

.22 

29 

.43 

1.80 

31 

Gallatin  Eiver  at  Logan,  Montana. 


I>«y. 


1 

o 

M 

3 
4 

5 

6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
10 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 


Jan. 


(a) 
(o) 
(a) 
(o) 
(a) 
(a) 
(a) 
(a) 
(a) 
(o) 
(a) 

(«) 
(o) 
(a) 

(a) 

(a) 

(a) 

(a) 

(a) 

(a^ 

(a) 

(«) 

(o) 

(a) 

(a) 

(o) 

(a) 

1.10 

1. 10 

1.10 

1.00 


Feb. 

Apr. 

1.00 

.90 

.90 

•-•»•• 

1.00 

.90 

.90 

1.00 

1.05 

1.00 

1.10 

1.00 

1.10 

1.20 

1.10 

.95 

1.05 

.90 

1.00 

.90 

1.10 

.90 

1.10 

.90 

1.10 

.90 

1.00 

.90 

1.00 

.90 

1.00 

.90 

1.00 

1.00 

1.00 

.95 

1.00 

.90 

1.00 

.95 

1.00 

1.00 

1.05 

1.00 

1.10 

1.00 

1.10 

1.00 

1.20 

1.00 

1.20 

1.20 

May. 


1..30 
1.20 
1.20 
1.20 
1.40 
1.65 
1.50 
1.45 
1.50 
1.60 
1.50 
1.50 
1.50 
1.40 
1.40 
1.30 
1.30 
1.30 
1.30 
1.30 
1.30 
1.30 
1.30 
1.36 
1.70 
1.80 
1.80 
2.05 
2.30 
2.50 
2.70 


June. 


3.20 
3.65 
3.80 
3.05 
3.80 
3.76 
3.75 
3.70 
4.20 
6.10 
5.15 
4.60 
4.50 
4.66 
4.75 
5.20 
5.45 
6.60 
5.10 
4.86 
4.60 
4.40 
4.25 
4.06 
3.80 
3.55 
8.40 
3.25 
3.10 
2.95 


July. 

Aug. 

2.75 

1.20 

2.65 

1.10 

2.50 

1.10 

2.60 

1.10 

2.35 

1.10 

2.20 

1.10 

2.00 

1.10 

1.90 

1.10 

1.80 

1.10 

1.65 

1.05 

1.50 

1.00 

1.50 

1.00 

1.75 

1.00 

1.60 

1.00 

1.70 

1.00 

1.60 

1.00 

1.50 

1.00 

1.40 

1.00 

1.40 

1.00 

1.40 

1.00 

1.40 

1.00 

1.30 

1.00 

1.30 

1.00 

1.20 

1.00 

1.10 

1.00 

1.10 

1.00 

1.10 

1.00 

1.10 

1.00 

1.20 

1.00 

1.20 

1.00 

1.20 

1.00 

Sept. 


1.00 

1.00 

1.00 

1.00 

l.UO 

.90 

.90 

.90 

.90 

1.00 

1.10 

1.20 

1.10 

1.05 

l.OU 

1.00 

1.00 

1.00 

.95 

.95 

.95 

.95 

.95 

.95 

1.10 

1.15 

1.05 

1.05 

1.05 

1.00 


Oct. 


1.00 
1.00 
1.00 
1.05 
1.10 
1.05 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
.95 
.95 
1.00 
1.00 
l.UO 
1.00 
1.00 
.95 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 


Nov. 


1.00 


1.00 


1.00 


1.00 


1.00 


1.00 

i.oo 


a  Frozen. 


I 
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MadiBon  Siver  at  ThreeforkSf  Montana, 


Jan. 


1 
2 
3 
4 

5 

6 

7 

8 

9. 

10. 

11 

12 

IB 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

28 

ff 

28 

29 

W 

SI 


L 


1.00 
.90 

—  .60 

—  .60 

—  .60 

—  .60 

—  .45 

—  .35 

—  .95 
-+-1.20 

1.20 
1.15 
1.05 
1.00 
1.00 
1.00 
1.00 
1.10 
1.20 
1.20 
1.20 
1.20 
1.20 
1.20 
1.20 
1.20 
1.20 
L20 
1.20 
1.10 
1.10 


Feb. 


1.10 
1.10 
1.00 
1.00 
.90 
.90 
.90 
.90 
.90 
.90 
.80 
.80 
.80 
.80 
.80 
.80 
.80 
.80 
.80 
.80 
.80 
.80 
.80 
.90 
.90 
.00 
.90 
.90 
.80 


Apr. 


0.20 
.20 
.20 
.20 
.15 
.10 
.15 
.30 
.20 
.20 
.20 
.20 
.20 
.20 
.15 
.10 
.10 
.10 
.20 
.20 
.20 
.25 
.30 


May. 


0.30 
.30 
.30 
.30 
.30 
.80 
.30 
.85 
.40 
.40 
.30 
.30 
.30 
.30 
.25 
.20 
.20 
.20 
.20 
.25 
.30 
.85 
.40 
.45 
.55 
.70 
.76 
.86 
.95 
1.06 
1.20 


Jane. 


1.35 
1.45 
1.55 
1.76 
1.95 
2.05 
1.95 


1. 
2. 
2. 
2. 
2. 
2. 


96 
30 
65 
65 
75 
70 
2.75 
2.80 
2.95 
3.05 
3.16 
3.20 
8.10 
3.10 
8.00 
2.86 
2.70 
2.55 
2.46 
2.40 
2.30 
2.20 
2.15 


July. 

Aug. 

2.10 

0.80 

2.00 

.80 

1.90 

.70 

1.85 

.70 

1.80 

.70 

1.70 

.70 

1.60 

.60 

1.50 

.60 

1.45 

.60 

1.40 

.60 

1.30 

.60 

1.35 

.60 

1.35 

.60 

1.30 

.60 

1.30 

.50 

1.80 

.50 

1.80 

.60 

1.20 

.50 

1.16 

.60 

1.10 

.60 

1.06 

.46 

1.00 

.40 

.90 

.40 

.90 

.40 

.80 

.40 

.80 

.40 

.80 

.40 

.70 

.40 

.76 

.40 

.80 

.40 

.80 

.40 

0.50 
.50 
.50 
.50 
.50 
.60 
.50 
.50 
50 
.50 
.50 
.53 
.55 
.55 
.55 
.50 
.50 
.45 
.46 
.46 
.45 
.45 
.46 
.45 
.48 
.50 
.50 
.50 
.50 
.60 


G.45 
45 
.48 
.50 
.50 
.50 
.50 
.50 
.48 
.45 
.45 
.45 
.45 
.45 
.45 
.45 
.45 
.46 
.46 
.46 
.45 
.46 
.45 
.45 
.45 
.46 
.45 
.45 
.40 
.40 
.40 


Jefferson  Biver  at  Sappington,  Montana. 


I>ay. 


Jan. 

Sept 

Oct. 

Nov. 

Dec. 

(a) 

(a) 
(a) 
(a) 

(a) 
(a) 

(a) 
(a) 

(«) 
(a) 
(a) 
(a) 

(«) 
(a) 
(a) 
(a) 

6.*88' 

.90 

.92 

.97 

1.00 

1.04 

1.00 

0.87 
.90 
.89 
.90 
.90 
.90 
.90 
.90 
.90 
.90 
.90 
.88 
.87 
.87 
.87 
.88 

0.96 

k 

.81 

1.90 

2.20 

Day. 


17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 


Jan. 


(a) 
(a) 
0.50 
1.00 
1.50 
1.00 


(a) 
(a) 


Sept 


0.08 
.97 
.90 
.90 
.87 
.86 
.84 
.86 
.89 
.90 
.90 
.86 
.84 
.86 


Oct 


0.89 
.89 
.88 
.87 
.80 
.87 
.87 
.87 
.87 
.86 
.91 
.93 
.94 
.94 
.93 


Nov. 


1.20 
1.20 


Dec. 


2.10 


2.10 


aFrosen. 


Little  Goose  Creek  at  Sheridan,  Wyoming, 


I 


1. 
2. 
3. 
i. 
5. 

e. 

7. 
%. 
9. 

10. 
U. 


liay. 


1.70 
1.70 
1.70 
1.80 
1.80 
2.00 
2.30 
2.00 
2.20 
140 
100 


IRR  11- 


Jnne. 


1.75 
2.45 
2.30 
2.60 
2.30 
2.00 
1.80 
1.75 
1.90 
1.95 
1.60 


July. 


0.70 
.70 
.70 
.75 
.80 
.75 
.75 
.75 
.76 
.80 
.80 


Day. 

May. 

June. 

12.. 

2.00 

1.30 

13.. 

1.80 

1.35 

14.. 

1.80 

1.30 

16.. 

1.80 

1.35 

16.. 

1.60 

1.10 

17.. 

1.60 

1.10 

18.. 

1.60 

.90 

19.. 

1.40 

.75 

20.. 

1.30 

.75 

21.. 

1.40 

.75 

22.. 

1.55 

.75 

July.    I  Day. 


0.80 
.80 
.85 
.80 
.85 
.80 
.95 
.80 
.80 
.80 
.80 


23. 
24. 
26. 
26. 
27. 
28. 
29. 
SO. 
31. 


1.50 
1.05 
2.10 
1.70 
1.70 
1.85 
i;75 
2.50 
1.80 


0.75 
.75 
.75 
.75 
.75 
.75 
.75 
.70 


May.      June.  '  July. 


0.80 
.85 
.80 
.80 
.80 
.90 
.80 
.80 
.85 
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Big  Grooae  Creek  at  Sheridan,  Wyoming. 


Day. 


1. 
2. 
8. 
4. 

5. 

6. 

7. 

8. 

9. 
10. 
11. 
12. 
13. 
14. 
15. 
16. 


Apr. 


2.56 
2.60 
2.55 
2.45 
2.45 
2.50 
2.60 


May. 

Jane. 
3.70 

July. 

2.90 

2.25 

2.80 

3.45 

2.40 

2.80 

5.10 

2.40 

3.00 

4.90 

2.40 

3.20 

4.20 

2.40 

3.40 

4.10 

2.45 

3.20 

S.75 

2.30 

2.00 

4.25 

2.35 

3.60 

4.25 

2.25 

3.40 

4.90 

2.10 

3.20 

4.10 

2.W 

3.40 

3.60 

2.20 

3.60 

2.10 

3.40 

3.40 

2.25 

3.20 

3.35 

2.10 

3.40 

3.30 

2.00 

Aug. 


2.35 
2.10 
2.20 
2.15 
2.35 
2.20 
2.15 
2.10 
2.10 
2.20 
1.65 
1.90 
1.8U 
1.85 
1.85 
1.90 


Sept. 


1.50 
1.50 
1.60 
1.50 
1.60 
1.60 
1.70 
1.70 
1.50 
1.60 
1.70 
1.70 
1.50 
1.40 
1.40 
1.30 


Day. 


Apr.  j  May 


17 
18 
19 
20 
21 
23 
23 
24 
26 
26 
27 
28 
29 
30 
31 


2.60 
2.55 
2.50 
2.58 
2.56 
2.50 
2.50 
2.60 
2.60 
2.75 
2.85 
2.96 
2.86 
2.90 


2.00 
8.20 
3.50 
3.00 
3.00 
3.50 
3.50 
2.95 
8.90 
3.10 
3.46 
3.50 
3.15 
4.80 
4.40 


June, 


3.16 
3.10 
3.05 
3.10 
3.16 
3.10 
2.80 
2.75 
2.80 
2.70 
2.66 
2.66 
2.00 
2.05 


July. 


2.10 
2.75 
2.10 
2.15 
2.30 
2.30 
2.60 
2.46 
2.35 
2.25 
2.40 
2.40 
2.86 
2.26 
2.46 


Aug. 


1.90 
1.86 
1.90 
1.90 
1.90 
1.90 
1.90 
1.90 
1.80 
1.80 
1.80 
1.80 
1.70 
1.90 
2.00 


Sept 


1.50 
1.40 
1.40 
1.60 
1.60 
1.60 
1.40 
1.50 
1.40 
1.50 
1.00 
1.50 
1.70 
1.80 


Clear  Creek  near  Buffalo,  yVyoming, 


Day. 


1. 

2. 

3. 

4. 

6. 

6. 

7. 

8. 

0. 
10. 
11. 
12. 
13. 
14. 
16. 
16. 


May. 

June. 

1.35 
1.50 

0.80 

.80 

1.90 

.85 

1.60 

1.00 

1.30 

1.05 

1.30 

1.05 

1.80 

1.10 

1.30 

1.00 

1.70 

.90 

1.70 

.80 

1.45 

.90 

1.45 

.90 

1.30 

.80 

1.30 

.70 

1.25 

.70 

1.25 

July. 

Aug. 

Sept 

Oct. 

Day. 

May. 

0.80 

1.00 

0.56 

1 

17 

0.70 

.80 

.90 

.60 

18 

.70 

.86 

.80 

.62 

19 

.70 

.85 

.95 

.66 

20 

.75 

.80 

.90 

.66 

21 

.70 

.85 

.80 

.64 

22 

.70 

.80 

.70 

.62 

23 

.85 

.86 

.90 

.60 

6.62 

24 

1.20 

.80 

.90 

.62 

.64 

26 

1.30 

.80 

.75 

.64 

.52 

26 

1.20 

.80 

.70 

.64 

.50 

27 

1.10 

.75 

.68 

.64 

.48 

28 

1.10 

.70 

.65 

.66 

.48 

29 

1.30 

.75 

.65 

.64 

.48 

30 

1.70 

1.20 

.65 

.60 

.48 

31 

1.70 

1.50 

.65 

.60 

.48 

r.  June.  Jul V. 


1.25 
1.30 
1.20 


.80 
.80 
.80 
.86 


1.40 

1.20 

1.10 

1.00 

.90 

.90 

.85 

.90 

.90 

.80 

.80 

.75 

.76 

.70 

1.15 


Aug.  Sept    Oct. 


0.63 
.62 
.68 
.66 
.68 
.70 
.68 
.62 
.60 
.60 
.60 
.68 
.58 
.56 
.56 


0.60 
.62 
.60 
.60 
.60 
.58 
.58 
.58 


0.48 
.46 
.45 


.58 

.58    

.:8 

.68 

.60 

.62 

Laramie  Biver  at  Woods  Landing^  Wyoming, 


Day. 

Apr. 

May. 

June. 

July. 

Aug. 

Sept. 

Oct 

1 

1.60 

1.55 
1.60 
1.65 
1.95 
2.16 
2.25 
2.00 
2.00 
"2.05 
1.90 
1.75 
1.70 
1.65 
1.60 
1.60 
1.70 
1.85 
1.76 
1.76 
1.75 
1.83 
1.97 
2.02 
2.16 
2.00 
2.10 
2.10 
3.25 
2.85 

2.40 
2.28 
2.15 
2.30 
2.30 
2.05 
1.95 
1.85 
1.85 
1.90 
2.20 
1.90 
1.70 
1.90 
1.95 
1.85 
1.70 
1.65 
1.60 
1.65 
1.50 
1.45 
1.50 
1,35 
1.35 
1.35 
1.30 
1.20 
1.20 
1.20 

1.20 

1.10 

1.10 

1.00 

1.00 

.90 

.80 

.80 

.80 

.70 

.70 

.70 

.80 

.06 

1.05 

.85 

1.30 

1.15 

1.15 

.96 

.95 

.85 

1.25 

1.40 

1.30 

1.40 

1.40 

1.26 

1.00 

.90 

.80 

'      0.60 

.80 

.80 

.80 

.80 

.80 

.70 

.70 

.75 

.70 

.70 

.60 

.60 

.60 

.60 

.60 

.75 

.85 

1.00 

1.30 

1.30 

1.48 

1.35 

1.02 

.00 

.85 

.80 

.80 

.95 

1.16 

1.15 

1.00 

.90 

.88 

.80 

.76 

.70 

.80 

.80 

.90 

1.15 

1.25 

1.20 

1.06 

.95 

.80 

.85 

.85 

1.00 

1.00 

1.00 

1.00 

1.05 

1.10 

1.15 

1.00  , 

1.15 

1.30 

1.15 

1.15  1 

1.05  ' 

1.00 
1.00 
1.06 
1.00 
1.06 
1.00 
1.06 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
l.Ou 
1.00 

2 

3 

4 

5 

6 



7 - 

8 

9 

10 

11    

12 

0.95 

.80 

1.05 

1.00 

1.00 

.90 

.80 

.75 

.86 

.95 

1.25 

1.30 

1.40 

1.60 

1.76 

1.85 

2.05 

1.65 

1.75 

13 

14    

16 

16    

17 

i.. 

18 

19       

20 

21      

22      

23 

24 ^ 

26       

26 

27     

.:::::::.i 

28       

1 

29    

1 

30 

31       
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Laramie  Biver  at  Uva,  Wyoming, 


Day. 


1. 
2. 

3. 
4. 

5. 
6. 

7. 
8. 
9. 
10. 
11. 
12. 
13. 
14. 
15. 
16 
17. 
18. 
19. 
20, 
21. 
22 
23, 
24 
25 
28. 
27, 
28. 
29 
90, 
81, 


Apr. 


1.80 
1.80 
1.75 
1.75 
1.60 
1.60 
1.60 
1.50 
1.60 
1.70 
1.80 
1.70 
1.70 
1.40 
1.90 
1.80 
1.80 
1.70 
1.70 
1.80 
1.30 
1.70 
1.70 
2.00 
1.40 


May. 

June. 

July. 

Aug. 

1.40 

2.90 

0.90 

0.70 

1.60 

4.00 

.80 

.70 

2.30 

4.60 

1.00 

.70 

2.30 

3.80 

.90 

.80 

2.10 

3.00 

.85 

.80 

2.00 

2.70 

.80 

.70 

2.00 

2.70 

.80 

.70 

3.10 

2.80 

.80 

.60 

2.10 

2.50 

.75 

.70 

2.30 

2.30 

.70 

.70 

2.40 

2.00 

.70 

.80 

2.40 

1.50 

.70 

fo 

2.50 

1.40 

.70 

2.60 

1.40 

.70 

.90 

2.40 

1.80 

.70 

1.00 

2.40 

1.30 

.80 

1.00 

2.20 

1.20 

.80 

1.20 

2.00 

1.20 

2.00 

l.iO 

1.00 

1.10 

1.80 

3.20 

1.90 

1.00 

1.70 

8.00 

1.60 

1.00 

1.40 

1.70 

1.40 

1.10 

1.40 

1.20 

1.40 

1.00 

1.20 

1.00 

1.60 

1.10 

1.10 

1.00 

1.70 

1.20 

1.00 

.90 

1.70 

1.10 

1.00 

.90 

1.60 

1.00 

1.00 

.90 

1.50 

1.00 

1.00 

.82 

1.50 

1.00 

.90 

.82 

1.70 

.90 

.90 

.80 

1.90 

.80 

.80 

Sept. 


0.80 
.80 
.72 
.72 
.72 
.72 
.72 
.72 
.70 
.70 
.70 
.70 
.72 
.72 
.72 
.80 
.80 
.82 
.82 
.82 
.82 
.90 
.90 
.90 
.82 
.82 
.80 
.80 
.80 
.90 


Oct. 


0.90 
.82 
.82 
.82 
.80 
.80 
.80 
.80 
.80 
.80 
.80 
.80 
.80 
.80 
.80 


North  Platte  River  at  Chin,  Wyoming. 


Day. 

Apr. 

May. 

June. 

July. 

2.13 
2.03 
2.00 
2.00 

1.62 
1.52 
1.48 
1.40 
1.25 

"i.'is* 

1.10 
2.30 
2.20 
1.78 
1.65 

'""2*46 
2.35 
2.10 
2.08 
1.85 
1.73 

"*i.*63' 
1.53 
1.60 
1.60 
1.60 

Aug. 

Sept. 

Oct. 

Deo. 

1 

4.67 
4.45 

5.70 
6.97 
6.07 
5.85 
5.45 
5.00 

"4.' 80' 
4.68 
4.45 
4.25 
4.08 
4.25 

"4.*  is' 

3.05 
3.75 
3.55 
3.63 
3.73 

3.93 
3.70 
3.33 
3.05 
2.86 
2.65 

'i'ss' 

2.23 

1.68 

*"i*68' 
1.58 
1.48 
1.88 
1.28 
1.18 

"  "i.'is* 

.98 
.95 
.90 
.90 
.83 

"i.os' 

.80 
.90 
1.10 
.78 
.85 

■""."ot" 

1.95 
1.67 
1.46 
1.37 
1.42 

"*i.'27' 

1.20 
1.20 
1.27 
1.80 
1.40 

"'i.ii' 

1.07 
1.17 
1.20 
1.07 
.97 

"*i.*23' 
1.30 
1.35 
1.42 
1.37 
1.27 

1.17 
1.32 
1.37 

« 

2 

2.30 

3 

4 

4.05 
4.00 
4.00 
4.17 
4.37 
4.62 

5 

1.80 
1.27 
1.22 
1.17 
1.12 
1.10 

6 

7 

8 

9 

1.90 

10 

11 

5.02 
4.86 
4.82 
4.87 
4.75 
4.56 

*4.'06' 
3.87 
3.70 
3.50 
3.37 
8.36 

"3."  42' 
3.76 
4.22 
4.60 
4.70 
4.87 

12 

1.15 
1.10 
1.10 
1.10 

1.90 

12 

2.68 
3.10 
3.47 
3.66 
3.62 
3.46 

14 

15 

"2.'66  " 

19 

17 

18 

19 

2.10 

20 

3.05 
3.00 
2.92 
3.10 
3.35 
3.60 

21 : 

1.17 
1.07 
.97 
.95 
.90 
.90 

22 

•  •  * 

23 

21 

25 

26 

1.80 

v....     '         

4.05 
4.40 
4.66 
4.62 

28 ;;.•; 

1.02 
1.07 
1.10 

29 

ao 

11 
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North  Platte  Biver  at  North  Platte,  Nebraska. 


Day. 


1 
2 
3 
4 

5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
IG 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 


Jan. 

Feb. 

Apr. 

May. 

2.50 

2.85 

2.70 

2.50 

2.90 

2.75 

2.50 

2.80 

2.65 

2.50 

2.80 

2.85 

2.60 

2.65 

2.95 

2.60 

2.50 

3.15 

2.60 

2.45 

3.05 

2.60 

2.05 

3.15 

2.65 

2.00 

3.00 

2.75 

2.05 

2.30 

2.90 

2.80 

1.95 

2.45 

2.90 

2.70 

2.45 

2.65 

2.85 

2.70 

2.75 

2.80 

2.95 

2.70 

2.60 

2.65 

3.05 

2.70 

2.35 

2.55 

3.25 

2.70 

2.35 

2.50 

3.05 

2.75 

2.25 

2.60 

3.05 

2.70 

2.15 

2.60 

3.10 

2.75 

2.25 

2.50 

3.00 

2.75 

2.45 

2.55 

3.05 

2.80 

2.35 

2.70 

3.05 

2.80 

2.40 

2.56 

3.00 

2.80 

2.40 

2.65 

2.90 

2.80 

2.45 

2.55 

2.90 

2.85 

2.35 

2.70 

2.85 

2.90 

2.30 

2.65 

2.80 

2.90 

2.35 

2.55 

2.70 

2.90 

2.30 

2.55 

2.70 

2.90 

2.40 

2.65 

2.55 

2.90 

2.65 

2.55 

2.85 

2.60 

June. 


2.75 
2.90 
2.75 
2.55 
3.85 
4.00 
3.85 
3.70 
3.55 
3.45 
3.35 
3.35 
3.35 
3.20 
3.05 
2.90 
2.85 
2.85 
8.00 
2.90 
2.85 
2.80 
2.70 
2.80 
2.95 
2.85 
2.80 
2.80 
2.90 
2.55 


July. 

Aug. 

2.55 

2.20 

2.55 

2.15 

2.45 

2.25 

2.35 

2.30 

2.25 

2.05 

2.20 

2.15 

2.15 

2.25 

2.00 

2.05 

2.00 

1.80 

1.90 

1.90 

1.80 

1.70 

1.60 

1.60 

1.50 

1.60 

1.35 

1.50 

1.10 

1.45 

1.15 

1.35 

1.05 

1.45 

1.00 

1.65 

1.15 

1.80 

1.25 

1.85 

1.50 

2.00 

1.85 

1.90 

2.20 

1.80 

2.45 

1.90 

2.05 

1.75 

1.95 

1.60 

1.85 

1.50 

1.70 

1.60 

2.00 

1.55 

1.95 

1.50 

2.15 

1.60 

Sept. 


1.50 
1.75 
1.65 
1.65 
1.60 
1.60 
1.50 
1.50 
1.60 
1.70 
1.80 
1.80 
1.90 
2.00 
2.00 
1.90 
1.80 
1.85 
1.90 
1.85 
1.85 
1.90 
1.80 
1.86 
1.00 
2.00 
2.00 
2.05 
2.05 
2.00 


Oct. 


Not. 


1.00 
1.80 
1.75 
1.70 
1.75 
1.70 
1.86 
1.90 
1.85 
1.90 
1.80 
1.85 
1.85 
1.85 
1.85 
1.90 
1.90 
1.80 
1.80 
1.80 
1.80 
1.90 
2.00 
1.90 
1.90 
1.90 
1.90 
L80 
1.95 
1.96 
2.25 


2.45 
2.60 
2.35 
2.20 
2.15 
1.90 
1.80 
1.70 
1.85 
1.95 
2.05 
2.10 
2.20 
2.10 
2.15 
2.05 
2.25 
2.25 
2.35 
1.90 
2.00 
1.85 
1.95 
2.15 
2.25 
2.30 
2.40 
2.40 
2.40 
2.40 


Dec. 

2.40 

2.40 

2.40 

2.80 

2.30 

2.30 

2.40 

2.46 

2.55 

2.65 

2.65 

2.75 

2.75 

2.75 

2.75 

2.65 

2.70 

2.55 

2.60 

2.56 

2.66 

2.50 

2.60 

2.65 

2.75 

2.75 

2.75 

2.70 

2.85 

2.85 

2.85 

South  Platte  Biver  at  Deansburj/f  Colorado. 


Day. 


1. 
2. 
3, 
4. 
5. 
6. 

8. 

9. 
10. 
U. 
12. 
13. 
U. 
15. 
16. 
17. 
IH. 
19. 
20. 
21. 
22. 
23. 
24. 
25. 
26. 
27. 
28. 
29. 
30. 

n. 


Jan. 


2.93 
2.95 
2.97 
2.97 
3.00 
3.10 
3.35 
3.28 
3.24 
3.40 
3.12 
3.05 
3.03 
2.95 
2.91 
2.90 
2.96 
3.U0 
3.00 
3.05 
3.05 
3.08 
8.02 
3.01 
2.95 
3.02 
2.94 
2.97 
3.00 
3.00 
2.97 


Feb. 


2.96 
3.02 
3.14 
3.14 
3.11 
3.12 
3.12 
3.17 
3.15 
3.18 
3.19 
3.20 
3.17 
3.22 
3.17 
3.26 
3.22 
3.22 
3.26 
3.28 
H.34 
3.33 
3.31 
3.26 
3.34 
3.41 
3.42 
3.40 
3.23 


Mar. 


Apr. 


3.30 
3.15 
3.09 
3.45 
3.20 
3.23 
3.31 
3.11 
3.30 
3.26 
3.35 
3.31 
3.39 
3.33 
3.16 
3.38 
3.44 
3.14 
3.45 
3.67 
3.80 
3.87 
3.97 
4.26 
4.75 
5.61 
6.52 
6.15 
5.86 
5.30 
5.06 


4.39 
4.24 
4.12 
3.85 
3.86 
4.68 
5.09 
5.46 
5.73 
5.36 
5.35 
5.53 
5.08 
5.47 
6.00 
6.47 
6.21 
5.72 
5.36 
5.41 
5.39 
5.64 
5.89 
5.97 
6.79 
03  42 
3.59 
3.63 
3.18 
3.02 


May.  I  Jane. 


2.70 
2.68 
2.64 
3.05 
2.91 
3.30 
3.15 
3.25 
2.85 
2.65 
2.52 
2.33 
2.30 
2.44 
2.28 
2.30 
2.31 
2.43 
2.41 
2.24 
2.15 
2.12 
2.20 
2.40 
2.43 
2.40 
2.46 
2.50 
2.49 
2.58 
2.71 


2.78 
2.78 
2.74 
2.54 
2.35 
2.24 
2.11 
2.00 
1.90 
1.80 
1.68 
1.60 
1.60 
1.45 
1.44 
1.40 
1.34 
1.30 
1.24 
1.24 
1.27 
1.29 
1.25 
1.18 
1.15 
1.10 
1.10 
1.03 
1.03 
1.03 


July. 


0.98 

.93 

.90 

.88 

.96 

.90 

.95 

.99 

1.03 

.92 

.82 

.78 

.73 

.70 

.76 

1.32 

1.77 

1.72 

1.92 

2.09 

2.21 

2.11 

1.92 

1.62 

2.14 

2.40 

2.35 

2.17 

1.81 

1.60 

1.54 


Aug. 


Sept  !  Oct. 


1.39 

1.35 

1.32 

1.28 

1.18 

1.17 

1.12 

1.02 

.93 

.83 

.77 

.74 

.71 

.73 

.74 

.97 

.96 

1.79 

1.73 

1.68 

1.34 

1.42 

1.72 

1.39 

1.31 

1.19 

1.08 

1.03 

1.07 

1.17 

1.40 


1.80 
1.80 
1.68 
1.90 
1.74 
1.27 
1.80 
1.25 
1.23 
1.55 
1.83 
1.74 
1.63 
1.54 
1.43 
1.34 
1.30 
1.37 
1.54 
1.71 
1.80 
1.75 
1.66 
1.57 
1.56 
1.50 
1.50 
1.51 
1.55 
1.50 


1.46 
1.45 
1.42 
1.45 
1.42 
1.40 
1.38 
1.32 
1.33 
1.42 
1.42 
1.41 
1.42 
1.39 
1.37 
1.31 
1.29 
1.26 
1.33 
1.37 
1.27 
1.28 
1.40 
1.37 
1.38 
1.45 
1.43 
1.42 
1.41 
1.31 
1.30 


1.36 

1.20 

1.20 

1.16 

1.07 

1.10 

.87 

.86 

1.11 

1.20 

1.00 

.88 

.97 

1.22 

1.19 

1.17 

1.18 

1.18 

1.15 

1.17 

1.16 

1.07 

1.07 

1.19 

1.10 

.92 

.78 

.80 

.79 

.81 


0.80 
.78 
1.70 
a3.48 
8.27 
3.06 
2.96 
2.90 
3.00 
2.00 
2.81 
2.80 
2.8U 
2.80 
2.76 
2.97 
2.90 
2.71 
2.76 
2.81 
2,77 
2.73 
2.72 
2.60 
2.67 
2.69 
2.80 
2.72 
2.73 
2.77 
2.76 


a  January  1  to  April  25,  station  Ko.  1 ;  April  26  to  December  3,  station  No.  2 ;  December  4  to  31,  atatioo 
No.  1. 
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South  Flatte  Jiiver  at  DenveTf  Colorado. 


Bay. 


1.. 
2.. 
3.. 
4.. 
5.. 
6.. 
I.. 
8.. 
9.. 
10.. 
11.. 
12. 
13. 
14. 
15., 
16. 
17. 
18. 
19. 
20. 
21. 
22. 
23. 
24. 
25. 


27. 
28. 
39. 
30. 
31. 


Jan. 
3.45 

Feb. 

Mar. 

3.55 

4.00 

3.50 

3.50 

3.95 

3.56 

4.20 

4.15 

3.50 

8.85 

4.05 

3.50 

3.70 

4.00 

3.45 

3.85 

3.95 

3.40 

3.80 

3.95 

3.35 

3.76 

4.15 

3.30 

3.70 

4.25 

3.60 

3.85 

4.15 

3.75 

3.35 

4.15 

3.80 

3.15 

4.15 

8.85 

4.00 

4.20 

3.70 

3.90 

4.05 

3.70 

8.75 

4.15 

3.86 

3.90 

4.25 

3.75 

4.00 

4.15 

3.85 

4.05 

4.00 

3.ex) 

4.10 

4.15 

3.70 

4.05 

4.20 

3.95 

3.05 

4.10 

3.80 

3.05 

4.25 

3.70 

4.00 

4.50 

3.75 

4.05 

4.55 

3.75 

4.00 

4.70 

3.85 

4.10 

4.85 

3.70 

4.05 

4.75 

3.75 

4.00 

4.70 

8.90 

4.05 

4.75 

4.00 

4.«5 

3.80 

4.55 

Apr. 


4.45 
4.50 
4.65 
4.55 
4.50 
4.45 
4.60 
4.5o 
4.70 
4.55 
4.45 
4.50 
4.65 
4.90 
4.85 
5.05 
5.10 
4.95 
5.00 
4.00 
4.85 
4.«> 
5.05 
5.00 
5.10 
5.25 
5.70 
5.65 
5.75 
5.60 


5.55 
5.35 
5.10 
5.10 
5.  20 
6.10 
5.00 
5.05 
4.95 
4.70 
4.75 
4.45 
4.35 
4.65 
4.60 
5.00 


4. 
4. 
4. 
4. 
4. 
4. 
4. 


60 
85 
80 
75 
60 
40 
40 
4.40 
4.95 
4.85 
4.80 
4.85 
4.95 
4.85 
5.00 


6.20 
5.30 
5.05 
5.00 
4.95 
4.90 
4.90 


4. 
4. 
4. 
4. 
4. 
4. 
4. 


90 
75 
65 
60 
55 
60 
00 
4.40 
4.45 
4.25 
4.06 
4.10 
4.10 
4.10 
4.10 
4.15 
4.20 
4.60 
4.55 
4.50 
4.45 
4.66 
4.65 


July. 


4.65 
4.00 
4.10 
(a) 
(a) 
(a) 
ia) 
4.10 
4.20 
4.25 
4.10 
4.00 
4.00 
4.30 
4.25 
4.45 
4.40 
4.70 
4.00 
4.30 
4.45 
4.50 
4.45 
4.45 
5.50 
5.05 
4.96 
4.80 
4.90 
4.86 
4.65 


a  Jaly  4  to  7  water  below  gage. 


Aug. 

Sept. 

Oct. 

>~ov. 

A^OO* 

4.35 

5.10 

4.90 

4.66 

4.60 

4.30 

5.20 

6.00 

4.70 

4.70 

4.60 

5.15 

5.00 

4.65 

4.70 

4.50 

4.95 

4.60 

4.70 

4.65 

4.30 

4.86 

4.50 

4.66 

4.65 

4.35 

4.85 

4.46 

4.70 

4.65 

4.30 

4.90 

4.55 

4.65 

4.80 

4.25 

4.80 

4.50 

4.70 

4.90 

4.20 

4.85 

4.45 

4.73 

4.90 

4.30 

5.05 

4.35 

4.80 

4.90 

4.25 

6.05 

4.30 

4.75 

4.85 

4.30 

5.10 

4.40 

4.85 

4.80 

4.20 

5  05 

4.45 

4.90 

4.86 

4.25 

6.00 

5.10 

4.85 

4.90 

4.05 

6.05 

6.00 

4.80 

4.80 

4.00 

6.00 

4.85 

4.70 

4.80 

4.30 

5.00 

4.80 

4.66 

4.75 

4.35 

5.05 

4.90 

4.70 

4.80 

4.50 

5.15 

4.96 

4.70 

4.75 

4.50 

6.00 

6.10 

4.76 

4.85 

(b) 

4.05 

5.10 

4.80 

4.80 

(ft) 

5.00 

5.15 

4.80 

4.75 

(b) 

4.90 

5.20 

4.80 

4.80 

(b) 

4.80 

5.10 

4.90 

4.80 

(b) 

5.00 

6.05 

4.90 

4.75 

4.30 

5.05 

6.00 

4.90 

4.80 

4.85 

5.10 

4.90 

to) 

4.70 

4.85 

5.10 

5.00 

(0 

4.75 

4.80 

4.06 

4.90 

(c) 

4.80 

4.85 

5.00 

4.70 

(c) 

4.65 

6.00 

4.66 

4.60 

b  September  21  to  25  sand  in  front  uf  gage.         e  Frozen. 


South  Platte  Jiiver  at  Orchard,  Colorado,  for  1895-^6. 


Day. 

1895. 

1896. 

Nov. 

Deo. 

Jan. 

3.85 
3.85 
3.90 
3.95 
4.00 
4  00 
4.05 
4  10 
4.10 
4.00 
4.00 
3.05 
3.90 
3.80 
3.90 
3.95 
4.00 
4.00 
4.00 
4.00 
4.00 
4.00 
4.00 
4.00 
4.00 
4.00 
4.00 
4.00 
4.00 
4.10 
4.10 

Feb.  a 
4.15 

••• 

"sloo" 

3.S5 
3.85 
3.85 
3.85 
3.85 
3.85 
3.80 
3.80 
3.75 
8.75 
3.70 
3.70 
3.70 

Mar. 

Apr. 

Dec. 

1 

4.15 
4.10 
4.10 
4.10 
4.10 
4.10 
4.10 
4.05 
4.00 
4.00 
4.00 
4.00 
3.95 
3.95 
3.95 
3.95 

3.70 
8.70 
8.70 
3.75 
3.80 
3.85 
3.90 
3.00 
3.90 
3.85 
3.80 
3.75 
3.70 
3.70 
3.70 
3.70 
3.70 
3.75 
3.75 
3.80 
3.80 
3.80 
3.75 
3.70 
3.70 
3.75 
3.75 
3.80 

3.70 
3.70 
8.75 
4.00 

4.26 
4.25 
4.45 
4.60 
4.65 
4.65 
4.65 
4.65 
4.60 
4.45 
4.40 
4.60 
4.60 
4.80 
5.00 
5.20 
4.80 
4.30 
4.00 
3  f» 

•> 

3. ..*.'.'"""  I!  II! mil.  III. I- 

4 

5 

« 



1 ......................... 

....     . 

% I 

9 

10....               

11. ...mil  II 

12....                 

n...               

. 

14 mil 

15 

16 

17 

3.05 
3.90 
3.90 
3.90 
3.95 
3.95 
8.96 
3.90 
3.90 
3.90 
3.85 
3.80 
3.80 
3.85 
3.85 

18 

10 

20 

21 

'      3.80 

a  Rn 

w 

4.00 
4.05 
4.05 
4.10 
4.10 
4.10 
4.10 
4.15 
4.15 

23 1: I 

3.80 
3.80 
3.80 
3.80 
3.75 
3.75 
3.75 
3.75 
3.75 

24  .iiiiiimii.ii....mimi...i.. 

25 

26 

27 

28 

29 

8.85    

3.80    

3.70  j 

30 

31 

a  February  2  to  15  observer  away ;  no  record. 
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RIVEH   HEIGHTS   FOB   1896. 


[NO.  IL 


Bear  Creek  at  Morrison,  Colorado, 


D»y. 

Apr. 

M»y. 

Jane. 

July  .a 

Aug.  a 

Sept. 

Oct. 

1 

0.92 

.87 

.97 

1.02 

.97 

1.10 

1.07 

1.02 

.87 

.90 

.92 

.87 

.82 

.80 

.85 

.82 

.92 

.92 

.90 

.87 

.87 

.92 

.05 

1.07 

1.05 

1.02 

.02 

.96 

.97 

1.02 

1.00 

1.00 
.96 
.90 
.85 
.83 
.85 
.85 
.80 
.78 
.75 
.75 
.71 
.72 
.71 
.78 
.75 
.74 
.75 
.76 
.73 
.73 
.73 
.70 
.70 
.78 
.95 
.80 
.80 
.75 
.73 

0.70 
.69 
.78 
.70 
.75 
.70 
.78 
.78 
.78 
.68 
.63 
.60 
.55 
.56 
.58 
.80 
.95 
1.00 
1.03 
1.03 
.93 
.90 
1.03 
.88 

"2.93" 
3.00 
3.00 
3.00 
2.88 
2.88 
2.85 
2.83 
2.80 
2.78 
2.75 
2.75 
2.78 
2.80 
2.83 
2.85 
2.90 
2.98 
2.96 
2.88 
2.80 
2.80 
2.80 
2.78 
2.75 
2.88 
2.08 

2.88 
2.83 
2.90 
2.90 
2.85 
2.80 
2.83 
2.79 
2.83 
3.00 
2.95 
2.90 
2.85 
2.78 
2.75 
2.75 
2.75 
2.80 
2.08 
2.98 
2.88 
2.88 
2.83 
2.80 
2.80 
2.80 
2.90 
2.85 
2.80 
2.80 

2.80 
2.75 
2.75 
2.75 
2.75 
2.75 
2.75 
2.75 
2.73 
2.73 
2.70 
2.70 
2.70 
2.70 
2.70 
2.70 
2.70 
2.70 
2.70 
2.70 
2.70 
2.70 
2.70 
2.78 
2.78 
2,76 
2.75 
2.78 
2.70 
2.70 
2.65 

2 

8 

4 

5 

6 

0.70 

.80 

.80 

.68 

.75 

.73 

.77 

.80 

.92 

1.00 

.90 

.96 

.72 

.75 

.80 

.97 

1.02 

1.07 

1.10 

1.15 

1.17 

1.22 

1.17 

1.11 

.96 

7 

8 

9 

10 

11 

12 

13 

u 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

26 

28 

29 

30 

a  From  July  25  to  AugtMt  5  no  record;  rod  washed  away  by  flood. 
South  Boulder  Creek  at  Marehallj  Colorado. 


Day. 


1 
2 
3 
4 

6 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 


Apr. 


0.80 
1.05 
.90 
.95 
.90 
.90 
1.05 
1.05 
1.05 
1.05 
1.15 
1.15 
1.20 
1.36 
1.35 
1.35 
1.45 
1.15 
1.20 
1.20 
1.40 
1.55 
1.60 
1.75 
1.70 
1.80 
1.90 
1.90 
1.80 
1.80 


May. 

June. 

July. 

Aug. 

Sept. 

Oct. 

1.85 

2.30 

1.55 

1  15 

1.10 

0.95 

1.55 

2.10 

1.55 

1.05 

1.10 

.95 

1.65 

2.10 

1.55 

1.05 

1.10 

.85 

1.85 

2.30 

1.50 

1.05 

1.10 

.80 

1.70 

2.15 

1.50 

1.05 

1.10 

.80 

1.90 

2.20 

1.45 

1.05 

1.10 

.80 

1.96 

2.00 

1.45 

1.05 

1.05 

.85 

2.05 

1.95 

1.45 

1.05 

1.05 

1.00 

2.10 

2.20 

1.40 

.95 

1.05 

1.00 

2.10 

2.15 

1.40 

.95 

1.10 

1.00 

2.20 

2.25 

1.40 

.05 

1.10 

1.00 

1.95 

2.15 

1.35 

.95 

1.10 

1.00 

1.80 

2.10 

1.35 

.95 

1.10 

.96 

1.75 

2.05 

1.35 

.95 

1.10 

.95 

1.70 

2.05 

1.30 

.95 

1.05 

.90 

1.75 

2.00 

1.60 

.95 

1.05 

.90 

1.75 

1.95 

1.50 

.95 

1.10 

.90 

1.70 

1.95 

1.50 

1.00 

1.15 

.90 

1.65 

1.95 

1.50 

1.40 

1.15 

.90 

1.70 

1.90 

1.40 

1.90 

1.05 

.85 

1.66 

1.90 

1.30 

1.45 

1.05 

.80 

1.70 

1.85 

1.30 

1.20 

1.00 

.80 

1.85 

1.85 

1.30 

1.30 

1.00 

.90 

2.00 

1.80 

1.30 

1.15 

1.00 

.90 

2.00 

1.75 

1.30 

1.10 

1.00 

.90 

2.30 

1.70 

1.30 

1.10 

1.00 

.90 

2.35 

1.66 

1.30 

1.10 

1.00 

.90 

2.40 

1.65 

1.80 

1.10 

1.00 

.80 

2.45 

1.65 

1.25 

1.10 

1.00 

.80 

2.55 

1.60 

1.25 

1.10 

1.00 

.80 

2.50 

1.20 

1.10 

.80 
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Boulder  Creek  at  Boulder,  Colorado, 


rHfty. 

Apr. 

May. 

June. 

July. 

Auk. 

Sept. 

Oct. 

, 

1         

0.20 

.36 

.22 

.27 

.26 

.27 

.27 

.30 

.45 

.47 

.60 

.50 

.52 

.57 

.57 

.77 

.77 

.77 

.62 

.75 

.82 

1.00 

1.07 

1.20 

1.27 

1.46 

1.80 

1.85 

1.75 

1.60 

1.10 
1.10 
1.15 
1.17 
1.25 
1.35 
1.45 
1.85 
1.85 
1.75 
1.76 
1.40 
1.30 
1.17 
1.12 
1.07 
.95 
1.07 
1.02 
1.00 
1.12 
1.15 
1.46 
1.70 
1.90 
1.95 
2.05 
2.15 
2.20 
2.82 
2.15 

2.05 
1.77 
1.90 
1.92 
1.97 
1.97 
1.90 
1.88 
1.96 
1.96 
2.00 
1.88 
1.80 
1.83 
1.88 
1.80 
1.76 
1.65 
1.60 
1.55 
1.55 
1.55 
1.48 
1.45 
1.48 
1.43 
1.40 
1.88 
1.33 
1.33 

1.30 
1.30 
1.30 
1.30 
1.35 
1.73 
1.67 
1.45 
1.38 
1.35 
1.28 
1.23 
1.15 
1.18 
1.32 
1.50 
1.45 
1.88 
1.35 
1.25 
1.23 
1.30 
1.35 
1.45 
1.46 
1.40 
1.38 
1.33 
1.80 
1.18 
1.05 

0.98 

.95 

.88 

.83 

.80 

.80 

.78 

.78 

.60 

.65 

.65 

.65 

.63 

.60 

.60 

.65 

.70 

1.23 

2.15 

1.06 

1.20 

1.35 

1.28 

1.15 

.98 

.88 

.88 

.90 

1.00 

1.10 

1.20 

1.08 
1.00 
1.08 
1.03 
1.00 
.98 
.93 
.88 
.85 
.90 
.90 
.80 
.73 
.70 
.66 
.60 
.63 
.75 
.90 
.80 
.80 
.76 
.78 
.80 
.75 
.80 
.80 
.75 
.70 
.70 

0.65 
.63 
.60 
.55 
.50 
.50 
.45 
.43 
.45 
.45 
.53 
.60 
.58 
.55 
.50 
.50 
.45 
.45 
.45 
.43 
.40 
.40 
.45 
.46 
.40 
.45 
.45 
.46 
.40 
.40 
.35 

2 

3 

4        

5 

6  

7 

8 

9 

10 

11 

12 

13 

u 

15 

16 

18 

20 

c 

24 

M 

28 

30 

St.  Train  Creek  at  Lyons,  Colorado, 


I>»y. 

Apr. 

May. 

June. 

July. 

Aug. 

Sept. 

Oct. 

1 

■2..             

1.63 
1.77 
1.85 
1.90 
1.85 
2.00 
2.05 
2.20 
2.10 
2.10 
2.15 
2.20 
2.10 
2.15 
2.30 
2.30 
2.15 
2.10 
2.00 
2.35 
2.55 
2.55 
2.60 
2.55 
2.60 
2.70 
2.95 
2.90 
2.46 
2.65 

2.60 
2.65 
2.45 
2.55 
2.56 
2.80 
2.95 
3.15 
3.20 
3.10 
3.10 
2.80 
2.65 
2.50 
2.50 
2.50 
2.50 
2.50 
2.60 
2.50 
2.50 
2.56 
2.85 
3.10 
3.40 
3.40 
3.35 
3.55 
3.85 
4.40 
3.85 

3.50 
3.45 
3.50 
3.65 
3.85 
3.60 
3.30 
3.  ."to 
3.70 
3.70 
3.70 
3.40 
3.35 
3.35 
3.35 
3.85 
3.30 
3.30 
3.10 
3.20 
3.15 
3.16 
3.10 
2.95 
3.25 
2.85 
2.80 
2.80 
2.85 
2.75 

2.80 
2.85 
2.85 
2.80 
2.80 
2.80 
2.80 
2.80 
2.70 
2.70 
2.75 
2.65 
2.65 
2.65 
2.85 
8.10 
3.05 
2.95 
2.80 
2.75 
2.65 
2.70 
2.95 
3.30 
3.15 
3.05 
2.85 
2.70 
2.60 
2.60 
2.53 

2.50 
2.60 
2.50 
2.50 
2.48 
2.48 
2.48 
2.40 
2.38 
2.30 
2.30 
2.28 
2.23 
2.20 
2.20 
2.25 
2.38 
8.40 
3.10 
2.70 
2.80 
3.50 
3.35 
2.95 
2.75 
2.70 
2.60 
2.55 
2.50 
2.65 
2.75 

2.75 
2.63 
2.75 
2.55 
2.58 
2.55 
2.55 
2.30 
2.35 
2.45 
2.85 
2.80 
2.55 
2.45 
2.43 
2.35 
2.38 
2.45 
2.58 
2.50 
2.53 
2.45 
3.50 
2.58 
2.45 
2.43 
2.40 
2.43 
2.38 
2.38 

2.38 
2.33 
2.38 
2.38 
2.38 
2.30 
2.30 
2.28 
2.30 
2.28 
2.30 
2.26 
2.25 
2.28 
2.30 
2.28 
2.25 
2.25 
2.23 
2.23 
2.28 
1.93 
1.75 
1.85 
1.75 
1.63 
2.20 
2.23 
2.20 
2.28 
2.20 

3 

4 

B...           

6 

7 

8 

9 

10 

11 ; 

12 

13 

14 

]i 

16 

17 

U 

19 

20 

21 

a 

23 

24 

25 

28 '*•  

27 '*'     

28 

29 

30 

31 ; "..'. 
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Big  Thompson  Creek  at  Arkina,  Colorado, 


Day. 

Apr. 

May. 

Judo. 

July. 

Aag. 

Sept. 

Oct. 

1 

0.10 

.50 

.80 

.85 

.90 

1.00 

1.10 

1.05 

1.20 

1.25 

1.35 

1.15 

1.10 

.05 

.90 

.85 

.85 

.85 

.90 

.95 

1.00 

1.10 

1.30 

1.70 

1.75 

1.73 

1.76 

1.65 

1.80 

2.30 

1.80 

1.35 
1.65 
1.80 
1.80 
1.65 
1.70 
1.50 
1.55 
1.45 
1.55 
1.65 
1.45 
1.55 
1.65 
1.55 
1.55 
1.55 
1.55 
1.30 
1.35 
1.40 
1.35 
1.40 
1.30 
1.25 
1.25 
1.20 
1.20 
1.25 
1.20 

1.20 
1.25 
1.25 
1.20 
1.20 
1.20 
1.15 
1.55 
1.20 
1.15 
1.26 
1.20 
1.10 
1.15 
1.20 
1.70 
1.55 
1.25 
1.45 
1.35 
1.30 
1.20 
1.36 
1.70 
1.45 
1.46 
1.46 
1.40 
1.40 
1.80 
1.26 

1.20 

1.10 

1.05 

1.00 

.95 

.90 

.76 

.76 

.76 

.70 

.75 

.75 

.75 

.75 

.65 

.80 

.70 

.75 

.85 

.95 

1.50 

1.75 

1.65 

1.55 

1.45 

1.35 

1.26 

1.16 

1.00 

1.10 

1.30 

1.25 

1.00 

1.00 

1.00 

1.00 

.85 

.80 

1.00 

.95 

.00 

1.00 

.95 

.85 

.90 

.90 

.80 

1.00 

.96 

.96 

1.00 

1.05 

1.00 

1.00 

1.05 

1.00 

1.05 

1.00 

1.05 

1.00 

1.00 

1.05 
.95 
.95 
.90 
.90 
.85 
.90 
.80 
.90 
.85 
.90 
.85 
.86 
.85 
.90 
.85 
.80 
.75 
.70 
.65 
.60 
.60 
.65 
.65 
.60 
.40 
.40 
.40 
.40 
.40 
.40 

2 

3 

4 

5 

6 : 

7 

8 

9 

10 

11 

12 

13 

14 

15 

17 

19 

20 

21 

23 

24 

25 

26 

27 

0.80 
.60 
.26 

29 

30 

31 

Frenchman  Jtiver  at  Palistide,  Nebraska. 

[River  heights  on  main  and  supplementary  gages.     Gage  heights  are  all  referred  to  original  xeroof 

main  gage.] 


1896. 

June  18 

June  23 

June  25 

June  27 

Julyl 

July3 

July  5 

July  7 

July9 

July  11 

July  14 

July  16 

July  18 

July  21 

Julv23 

July  25 

July  28 

July  30 

Aug.l 

Aug.4 

Aug.  6 

Aug.  8 

Aug.  25 

Aug.  28 

Aug.  31 

Sept.  4 

Sept.  9 

Sept.  12 

Sept.  14 

Sept.  20 

Sept.  29 


1. 
2. 
2. 
2. 
2. 
2. 
2. 
2. 
1. 
1. 
1. 
1. 
1. 
1. 
1. 
1. 
1. 
1. 
1. 
I. 
1. 
1. 
1. 
I. 
1. 
1. 
1. 
1. 
1. 
1. 
2. 


85 
11 
10 
06 
14 
13 
13 
03 
97 
94 
96 
99 
91 
89 
89 
87 
89 
89 
89 
89 
89 
88 
87 
87 
87 
83 
89 
84 
99 
98 
00 


1.66 
2.05 
1.93 
1.87 
1.96 
1.94 
1.93 
1.87 
1.75 
1.73 
1.74 
2.05 
1.75 
1.74 
1.74 
1.75 
1.75 
1.74 
1.72 
1.70 
1.69 
1.69 
1.79 
1.74 
1.76 
1.79 
1.74 
1.75 
1.79 
1.77 
1.79 


North 
gage. 


Differences  in  heights. 


1. 11 
1.35 
1.35 
1.34 
1.40 
1.39 
1.38 
1.27 
1.15 
1.17 
1.19 
1.21 
1.13 
1.11 
1.13 
1.12 
1.13 
1.15 
1.14 
1.13 
1.13 
1.12 
1.08 
1.06 
1.09 
1.17 
1.13 
1.10 
1.17 
1  19 
1.23 


South 
main 


0.19 
.06 
.17 
.19 
.18 
.19 
.20 
.16 
.22 
.21 
.22 
-.06 
■f-.16 
.15 
.15 
.12 
.14 
.15 
.17 
.19 
.20 
.19 
.08 
.13 
.12 
.04 
.15 
.09 
.20 
.21 
.21 


Main 

north 
gage. 


0.55 
.70 
.58 
.53 
.56 
.55  i 
.65 
.60 
.60 
.56 
.55 
.84 
.82 
.63 
.61 
.63 
.62 
.50 
.58 
.57 
.56 
.57 
.71 
.68 
.66 
.62 
.61 
.65 
.62 
.58 
.56 


South 

north 
gage. 


0.74 
.76 
.75 
.72 
.74 
.74 
.74 
.76 
.82 
.77 
.77 
.78 
.78 
.78 
.76 
.75 
.76 
.74 
.75 
.76 
.76 
.76 
.79 
.81 
.78 
.66 
.76 
.74 
.82 
.79 
.77 
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Bepublican  I^irer  at  Junction  City,  Kansas. 


Day. 


1 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

U 

15 

16 

17 

18 

W , 

20 , 

21 , 

22 

23 

24 

25 

26 

27 

28 

29 

30 

31 


Jan.    Feb.  Mar 41  Apr. 


I 


3. 
3. 
3. 
3. 
3. 
3. 
2. 
3. 
3. 
3. 
3. 
3. 
3. 
3. 
3. 
3. 
8. 
3. 
3. 
3. 
3. 
3. 
3. 
3. 
3. 
3. 
3. 
3, 

a. 

3. 
3. 


55 
40 
30 
05 
10 
05 
90 
10 
05 
35 
30 
30 
35 
30 
35 
50 
30 
20 
10 
05 
05 
20 
40 
30 
20 
15 
05 
20 
30 
40 
40 


3.05 
3.95 
4.05 
3.90 
3.80 
3.85 
4.05 
4.00 
.3.80 
3.75 
85 
80 
75 
70 


3.05 
3.00 
3.00 
3.^ 
3.55 
3.55 
3.55 
3.00 
3.00 
3.55 
3.55 
3.60 
3.55 
3.50 
3.50 


S.50 
S.  :>o 
,f.60 
S.50 
5.  GO 
S.r/) 
5.50 
S.i>0 
S.fA) 
S.50 
S.50 
S.50 
S.50 
S.50 
S.50 
S.50 
S.50 
S.50 
S.50 
S.50 
S.50 
S.50 
S.50 
S.50 
S.50 
S.50 
5.60 
S.50 
5.50 
S.SO 
S.50 


3.50 
3.50 
3.50 
3.50 
3.50 
3.50 
3.50 
3.50 
3.05 
3.45 
3.40 
3.50 
3.45 
3.50 
4.90 
0.50 
0.75 
6.05 
5.10 
4.55 


25 
10 
10 
20 
00 
30 


5.40 
4.95 
4.75 
4.85 


4.45 
4.30 
4.25 
5.25 
5  05 
0.20 
6.45 
0.45 
6.10 
4.50 
4.20 
4.10 
4.40 
5.40 
5.70 
5.00 
5.00 
5.00 
0.50 
7.00 
0.10 
5.30 
4.75 
4.40 
4.25 
4.05 
3.85 
3.80 
3.75 
4.05 
0.40 


Jnne.  July. '  Aug.   Sept. 


4.00 
0.30 
7.20 
0.20 
6.20 
4.95 
4.95 
4.55 
4.66 
4.65 
4.30 
4.15 
3.95 
3.85 
3.85 
3.85 
3.75 
3.00 
3.65 
3.45 
3.70 
3.55 
3.55 
3.86 
4.05 
3.05 
4.15 
3.90 
3.85 
3.45 


I 


3.55 
3.35 
3.30 
3.40 
3.35 
0.10 
5.80 
5.70 
5.40- 
6.00 
4.H5 
4.05 
4.85 
4.66 
4.40 
4.20 
4.20 
10.97 
8.80 
6.50 
5.15 
5.65 
5.10 
4.35 
4.10 
3.80 
3.05 
3.00 
3.65 
3.45 
3.45 


4.00 

3.10 

3.  HO 

3.00 

3.60 

2.96 

3.45 

2.86 

3.00 

2.80 

3.00 

2.80 

3.45 

2.70 

3.35 

2.05 

3.26 

2.00 

3.16 

2.75 

.1.00 

2.  75 

3.55 

2.60 

3.70 

2.60 

3.05 

5.00 

3.20 

3.05 

3.00 

3.50 

3.00 

3.70 

3.0O 

3.75 

3.20 

4.70 

4.50 

5.40 

4.95 

4.35 

6.35 

3.66 

4.70 

3.35 

4.36 

3.15 

4.05 

3.06 

3.80 

3.00 

3.75 

2.90 

3.95 

2.80 

3.65 

2.80 

3.36 

2.80 

3,25 

Oct. 

Nov. 
4.05 

Dec. 
3.70 

2.80 

2.80 

4.25 

3.85 

2.80 

3.90 

3.80 

2.75 

3.65 

3.76 

2.80 

3.40 

3.96 

2.75 

3.30 

3.80 

2.70 

3.20 

3.00 

2.70 

3.10 

3.60 

2.70 

3.10 

3.60 

2.70 

3.10 

3.50 

2.70 

3.20 

3.50 

2.70 

3.20 

3.50 

2.75 

3.20 

8.50 

2.80 

3.20 

3.66 

2.80 

3.20 

3.00 

2.80 

3.30 

3.00 

2.70 

3.30 

3.06 

2.70 

3.30 

3.60 

2.75 

3.35 

3.30 

2.70 

3.36 

3.46 

2.70 

8.30 

3.50 

2.70 

3.25 

3.00 

2.70 

3.06 

3.80 

2.70 

3.10 

8.70 

2.70 

3.00 

3.50 

2.70 

3.60 

3.60 

2.76 

3.60 

8.60 

2.50 

3.40 

8.60 

3.00 

3.30 

3.70 

4.06 

3.50 

3.05 

6.26 

3.75 

a  Figures  in  italics  are  e8tiniat«€l. 
Solomon  River  at  Beloit,  Kansas. 


Day. 

Jan. 

Feb. 

Mar. 

2.00 
3.00 
2.75 

.ipr. 

2.70 
2.35 
2.35 

May. 

June. 

July. 

Aufi. 
4.95 

Sept. 

Oct. 

Nov. 

Dec. 

1 

2.70 
2.70 
2.30 

2.90 
2.82 
2.92 

4.05 
4.20 
3.80 

7. 13     4. 55 
9.  50     4.  25 

3.76 

3.20 
3.00 
3.20 

3.30 
2.9C 
2.70 

3.10 
3.00 
3.10 

2 

4.  75 
4.45 

3.80 
3.60 

% 

7.20 

4.60 

4 

2.70 
1.76 
2.70 
2.30 

2.92 
2.92 
2.90 
2.92 

2.80 
2.26 
2.70 
2.70 

2.40 
2.80 
2.76 
2.80 

3.06 
3.05 
3.56 

5.90 
4.85 
4.75 

4.43 

4.80 
0.80 
0.00 

4.  05     3.  40 

2.40 
3.10 
2.00 
3.00 

2.90 
2.85 
2.80 
3.00 

3.10 
3.10 
2.30 
3.10 

5 

3.95 
3.85 

3.40 
2.65 

6 

7 

3.50     4.90 

4. 10  ;  3.  25 

8 

2.70 

2.05 

2.25 

2.75 

3.30 

5.55 

4.60 

4.00 

3.40 

2.95 

2.20 

3.10 

9 

2.70 

2.42 

2.90 

2.00 

3.20 

4.05 

4.25 

4.:i5 

2.85 

3.15 

3.00 

3.10 

10 

2.70 
2.30 
1.90 

2.92 
3.  00 
2.92 

2.  70 
2.80 
2.75 

2.60 
2.00 
4.85 

3.20 

4.25 

4.15 
5.20 
4.70 

4.20 
4.00 
4.15 

3.40 
3.46 
3.40 

3.05 
2.15 
2.80 

3.00 
3.05 
3.00 

3.10 
3.10 
3.30 

U 

3.  40     4. 15 
3. 26     4. 10 

12 

13 

2.70 

2.55 

2.75   15.50 

3.  30     4. 05 

4.25 

4.00 

2.85 

2.05 

3.00 

2.65 

14 

2.30 
2.30 
2.70 
2.70 

2.95 
2.92 
2.37 
2.82 

2.75  '11.00 
2.25   11.90 

4.  6U  1  3. 80 
4.80  '  3.85 
4.  70  i  3.  00 
8.32  '  3.80 

4.00 
3.85 
3.06 
3.85 

3.70 
3.60 
3.65 
3.45 

3.75 
5.25 
4.05 
3.75 

2.00 
2.00 
2.85 
3.15 

3.00 
2.20 
3.05 
3.00 

3.30 
3.25 
3.35 
3.05 

15 

16 

2.06 
2.75 

5  80 
4.50 

17.....'"; 

18 

2.95 
2.30 

2.72 
2.75 

2.70 
2.70 

4.35 
4.20 

4.40     3.80 
4.30  1  4.20 

4.05 
3.95 

3.70 
3.05 

3.95 
4.00 

2.50 
2.75 

3.00 
3.05 

3.15 
3.10 

19 

20 

2.90 

2.75 

2.75 

4.00 

5.40  1  4.00 

3.95 

3.00 

4.15 

3.06 

3.10 

2.50 

21 

2.96 

2.72 

2.75 

4.20 

4.  80     4. 15 

3.90 

4.55 

3.95 

2.65 

2.70 

3.16 

22 

2.95 

2.70 

2.60 

3.90. 

4.25 

4.00 

4.00 

4.36 

3.70 

3.05 

2.40 

3.16 

23 

2.70 

2.25 

2.70 

3.70 

4.00 

4.05 

4.05 

4.40 

3.00 

3.05 

3.10 

3.20 

24 

2.95 

2.70 

2.70 

3.70 

3.  80     3.  75 

4.05 

4.55 

3.85 

2. 80 

3.10 

3.20 

25 

2.95 

2.70 

2.70 

3.05 

4.35 

3.90 

3.95 

4.95 

3.55 

2.56 

3.10 

2.60 

26 

2.30 

2.75 

2.75 

3.50 

4.15 

3.95 

4.00 

4.40 

3.80 

2.66 

2.30 

3.15 

27 

2.90 

2.70 

3.00 

3.05 

3.  66  '  4. 05 

4.00 

4.25 

2.65 

2.65 

8.10 

2.50 

28 

2.90 

2.00 

2.80 

4.05 

3.70     4.05 

3.90 

4.15 

3.55 

3.10 

2.90 

.3.20 

29..               

2.90 

2.76 

2.30 

3.75 

3.  35     4. 10     5.  30 

3.90 

3.10 

8.50 

2.30 

3.20 

30... 

2.90 

2.75 

3.75 

3.30  {  6.90  ,16.76 

3.05 

2.75 

5.10 

3.06 

3.20 

31...;.'." 

2.87 

2.00 

3.70    

0.25 

3.00 

3.75 

3.20 

58 


RIVER   HEIGHTS   FOR   1896. 


[NO.  IL 


Saline  River  at  Beverly j  Eansat. 


1.... 

2.,.. 

3.... 

4.... 

5.... 

6.... 

7.... 

8.... 

».... 

lU 

11.... 
12.... 
13.... 
14.... 
15.... 
1«. . . . 
17.... 
18.... 
19.... 
20.... 
21.... 
22.... 
23.... 
24.... 
25.... 
26.... 
27.... 
28..-. 
29.... 
30.... 
31.... 


Jftn. 

Feb. 

4.20 

4.45 

4.20 

4.50 

4.00 

4.45 

3.85 

4.80 

3.85 

4.70 

4.40 

4.45 

4.30 

4.35 

4.40 

4.35 

4.15 

4.25 

4.25 

4.15 

4.80 

4.25 

4.55 

4.25 

4.50 

4.35 

4.50 

4.35 

4.40 

4.30 

4.30 

4.10 

4.50 

4.15 

4.45 

4.20 

4.50 

4.15 

4.40 

4.40 

4.55 

4.25 

4.55 

4.25 

4.60 

4.35 

4.55 

4.20 

4.40 

4.15 

4.25 

4.20 

4.25 

4.30 

4.20 

4.40 

4.15 

4.25 

4.20 

4.40 

Mar.    Apr. 


4.35 

4.15 

4.20 

4.30 

4.15 

4.35 

4.10 

4.20 

4.25 

4.15 

4.25 

4.20 

4.30 

4.15. 

4.30 

4.60 

4.45 

4.90 

4.25 

4.65 

4.50 

4.50 

4.85 

4.45 

4.30 

6.40 

4.40 

9.70 

4.40 

5.80 

4.45 

5.05 

4.25 

5.50 

4.40 

5.40 

4.25 

5.05 

4.35 

4.80 

4.30 

4.90 

4.20 

4.75 

4.35 

4.70 

4.20 

4.65 

4.30 

4.65 

4.40 

6.60 

4.30 

9.30 

4.25 

7.35 

4.40 

5.75 

4.25 

5.30 

4.10 

May. 

June. 

5.20 

20.25 

5.85 

23.00 

5.10 

23.60 

10.55 

21.50 

8.85 

13.06 

5.20 

9.20 

4.85 

12.10 

4.70 

10.55 

4.75 

8.50 

4.65 

6.90 

4.65 

6.60 

4.70 

6.20 

7.30 

6.05 

7.40 

5.90 

5.60 

5.70 

7.25 

5.60 

6.50 

5.80 

5.80 

5.75 

5.75 

5.50 

7.20 

5.60 

6.55 

10.80 

5.75 

7.65 

5.20 

8.85 

4.95 

6.80 

4.70 

6.20 

4.60 

6.75 

4.55 

8.30 

4.45 

8.20 

4.40 

8.00 

4.25 

7.90 

13.00 

Sept.!   Oct. 


7.00 
6.40 
6.95 
7.15 
6.95 
6.13 
5.75 
7.35 
6.0O 
5.75 
8.10 
9.35 
6.90 
5.85 
5.55 
5.45 
5.80 
8.50 
7.65 
7.25 
5.95 
5.45 
6.25 
5.85 
5.55 
5.10 
5.00 
4.95 
4.90 
6.90 
5.85 


5.10 

4.40 

4.80 

4.50 

4.70 

4.45 

4.80 

4.20 

4.60 

4.30 

5.00 

4.15 

5.00 

4.35 

6.05 

4.30 

4.65 

4.10 

4.60 

4.45 

4.85 

4.60 

4.55 

4.30 

4.65 

4.40 

4.45 

4.40 

4.20 

4.40 

4.75 

4.50 

4.95 

4.55 

4.85 

4.45 

4.70' 

4.60 

4.80 

4.70 

4.75 

4.75 

4.75 

4.60 

7.50 

4.50 

5.95 

4.60 

5.10 

4.40 

4.85 

4.35 

4.65 

4.35 

4.70 

4.40 

4.55 

4.30 

4.60 

4.45 

4.45 

4.20 
4.35 
4.40 
4.20 
4.20 
4.30 
4.35 
4.35 
4.35 
4.35 
4.15 
4.35 
4.30 
4.35 
4.85 
4.35 
4.80 
4.20 
4.25 
4.10 
4.25 
4.35 
4.35 
4.25 
4.05 
4.30 
4.15 
4.40 
6.75 
16.35 
7.10 


Nov. 


5.65 

5.25 

4.90 

4.90 

4.75 

4.75 

4.  75, 

4.65 

4.45 

4.70 

4.65 

4.45 

4.30 

4.65 

4.80 

4.50 

4.60 

4.50 

4.60 

4.40 

4.40 

4.55 

4.20 

4.30 

4.55 

4.55 

4.30 

4.35 

4.30 

4.25 


A/vC* 


4.20 
4.30 
4.40 
4.35 
4.30 
4.30 
4.15 
4.80 
4.65 
4.55 
4.65 
4.50 
4.40 
4.05 
4.70 
4.50 
4.55 
4.25 
4.50 
4.25 
4.35 
4.30 
4.25 
4.60 
4.50 
4.15 


Smoky  Hill  Biver  at  Elleworih,  Kansas. 


Jan. 

Feb. 

1.50 

1.40 

1.50 

1.50 

1.42 

1.50 

1.42 

1.50 

1.35 

1.50 

1.32 

1.60 

1.27 

1.40 

1.42 

1.30 

1.42 

1.35 

1.35 

1.47 

1.35 

1.40 

1.32 

1.40 

1.42 

1.40 

1.35 

1.40 

1.32 

1.40 

1.32 

1.40 

1.27 

1.35 

1.27 

1.36 

1.30 

1.35 

1.35 

1.32 

1.32 

1.32 

1.35 

1..% 

1.32 

1.35 

1.40 

1.30 

1.45 

1.30 

1.37 

1.30 

1.52 

1.30 

1.42 

1.30 

1.40 

1.30 

1.40 

1.40 

Mar. 


I  I 

Apr.  May.  June.  July.  Aug.   Sept. 


1.30 

1.20 

1.27 

1.20 

1.35 

1.20 

1.27 

1.20 

1.30 

1.20 

1.30 

1.20 

1.30 

1.20 

1.30 

2.10 

1.30 

1.42 

1.30 

1.27 

1.27 

1.20 

1.27 

1.55 

1.22 

2.30 

1.37 

2.25 

1.37 

1.85 

1.27 

1.97 

1.32 

2.87 

1.32 

3.00 

1.25 

2.10 

1.30 

1.97 

1.30 

1.97 

1.30 

1.90 

1.30 
1.30 
1.27 
1.30 
1.30 
1.27 
1.20 
1.20 
1.20 


1.92 
1.87 
4.30 
2.80 
2.10 
2.00 
1.65 
1.80 


1.72 
1.67 
1.65 
1.70 
1.62 
1.60 
1.52 
1.60 
1.47 
1.50 
1.45 
1.47 
1.85 
1.72 
1.67 
1.62 
1.55 
1.50 
1.50 
1.50 
1.60 
1.47 
1.60 
1.47 
1.40 
1.40 
1.35 
1.30 
1.30 
1.30 
1.52 


UTU.] 


GAGE   HEIGHTS   IN   KANSAS   BASIN. 


6y 


Blue  Biver  at  Manhattan,  Kama*. 


Day. 


Jan. 


1... 
2.., 
I... 
4.. 
5.. 
6.. 
7.. 
8.. 
».. 
10.. 
Il- 
ls.. 
13.. 
14.. 
15.. 
16.. 
17.. 
18.. 
19.. 

n.. 

SI.. 
22.. 
23.. 
24.. 
25.. 
2«.. 
27.. 
28.. 
2».. 
M. 
31., 


8.70 
3.60 
3.55 
3.70 
8.70 
3.80 
3.75 
3.76 
3.80 
3.85 
3.80 
3.70 
3.65 
3.50 
3.55 
3.60 
3.05 
3.60 
3.55 
3.60 
3.75 
8.80 
3.80 
8.30 
3.45 
3.65 
3.75 
3.80 
3.75 
3.70 
3.80 


Feb. 

ApT.a 

May. 

June. 

July. 

8.80    

6.60 

20.56 

11.15 

3.80 

5.35 

20.30 

18.30 

8.75 

6.75 

13.85 

2-2.25 

3.75 

13.96 

11.85 

22.20 

3.75 

16.75 

8.80 

19.00 

3.80 

13.25 

8.76 

10.75 

3.70 

9.50 

8.25 

8.15 

8.85 

7.60 

8.35 

7.60 

3.75 

6.20 

14.50 

7.75 

3.75 

6.45 

14.50 

9.40 

3.86 

6.10 

12.30 

9.25 

3.65 

5.75 

9.65 

9.20 

3.70 

5.65 

7.20 

9.35 

8.55 

11.20 

7.20 

8.65 

3.55 

13.65 

6.35 

7.75 

3.60 

5.60 

12.80 

5.96 

6.40 

3.85 

7.20 

11.50- 

5.60 

6.25 

3.65 

9.95 

11.00 

6.20 

9.15 

3.60 

11.05 

11.45 

6.00 

13.90 

3.70 

10.20 

14.40 

4.00 

12.70 

3.65 

8.35 

13.25 

4.30 

12.00 

3.40 

7.20 

11. 35 

4.05 

10.75 

8.45     8.55 

10.85 

5.10 

9.85 

8. 55     6. 05 

11.05 

5.75 

7.25 

3.65 

5.70 

10.05 

5.45 

5.60 

3.60 

5.35 

9.00 

9.20 

5.20 

3.60 

5.85 

8.35 

12.60 

5.40 

3.45 

5.20 

7.65 

10.70 

6.10 

5.20 

6.90 

9.40 

4.66 

5.25 

8.40 
14.15 

8.25 

6.70 
11.60 

Aug. 


9.75 
8.80 
7.10 
8.70 
8.00 
6.70 
7.60 
8.25 
7.85 
7.35 
5.85 
5.45 
5.60 
8.10 
10.75 
9.70 
7.80 
6.95 
10.15 
15.85 
10.25 
7.75 
5.06 
6.75 
8.40 
6.90 
5.75 
6.45 
5.45 
•5.10 
4.95 


Sept. 


Oct.      Nov. 


4.80 
4.60 
4.85 
6.50 
6.20 
5.15 
4.05 
4.85 
5.05 
6.15 
5.00 
5.20 
5.15 
7.50 
9.75 
8.15 
6.65 
6.15 
10.50 
10.25 
7.60 
6.15 
5.85 
6.10 
5.40 
5.05 
5.00 
4.95 
4.80 
4.70 


4.70 
4.60 
4.65 
4.70 
4.85 
5.06 
4.90 
4.60 
4.25 
4.00 
4.80 
4.00 
3.90 
3.70 
3.60 
3.70 
3.30 
8.20 
8.16 
3.00 
3.00 
3.00 
3.00 
3.05 
3.00 
8.10 
3.00 
2.80 
10.00 
12.75 
12.25 


10. 50 
8.50 
7.90 
7.00 
8.40 
5.90 
5.40 
5.00 
5.00 
4.90 
4.80 
4.50 
4.40 
4.30 
4.20 
4.00 
4.00 
3.80 
8.80 
3.50 
3.60 
3.50 
3.80 
3.80 
8.90 
4.85 
5  60 
5.40 
5.30 
5.20 


Dec. 


5.00 
5.00 
4.80 
4.65 
4.00 
4.00 
4.25 
4.65 
4.60 
4.80 
4.90 
5.00 
6.00 
5.00 
4.80 
4.80 
4.70 
4.70 
4.70 
4.50 
4.30 
4.00 
4.00 
3.80 
8.70 
3.50 
3.00 
3.00 
8.00 
8.66 
4.00 


a  Observations  discontinued  from  March  1  to  April  16 ;  observer  moved  away. 

Kansas  River  at  Lecompion,  Kansas, 


Day. 

Jan. 

Feb. 

Mar. 

0.58 
.73 
.75 
.60 
.83 
.79 
.67 
.38 
.42 
.42 
.46 
.48 
.48 
.50 
.58 
.50 
.42 
.05 
.75 
.50 
.50 
.52 
.52 
.54 
.58 
.58 
.65 
.73 
.88 
.83 
.75 

Apr. 

May. 

June. 

July. 

Ang. 

Sept. 

I 

0.82 
.76 
.85 
.65 
.42 
.49 
.57 
.56 
.63 
.65 
.77 
.88 
.87 
.94 
.85 
.66 
.60 
.54 
.53 
.68 
.53 
.51 
.64 
.55 
.18 
.34 
.87 
.60 
.53 
.08 
.87 

0.72 
.70 
.72 
.77 
.86 
.93 
.93 
.88 
.95 
.92 
.88 
.79 
.75 
.74 
.82 
.75 
.72 
.73 
.60 
.70 
.67 
.66 
.64 
.63 
.58 
.58 
.62 
.60 
.58 

0.73 

.71 

.67 

.67 

.85 

.67 

.79 

.77 

.83 

.75 

.75 

1.08 

1.25 

1.02 

.94 

.92 

.92 

1.50 

4.71 

6.00 

4.67 

3.83 

3.29 

2.83 

8.33 

4.04 

4.79 

3.92 

2.96 

2.60 

2.37 
2.37 
2.85 
2.42 
4.02 
6.54 
5.42 
4.33 
3.83 
3.60 
3.04 
2.58 
2.42 
3.08 
3.88 
8.46 
8.13 
6.58 
5.63 
8.67 
8.92 
8.13 
6.13 
5.87 
5.29 
5.13 
4.42 
3.83 
3.38 
2.98 
3.71 

8.50 
9.33 
8.67 
7.50 
6.17 
7.13 
6.92 
6.42 
5.92 
6.67 
6.79 
5.58 
4.92 
4.21 
3.54 
3.08 
2.79 
2.58 
2.38 
2.21 
2.17 
2.13 
2.25 
2.29 
2.67 
3.21 
3.54 
4.48 
4.46 
3.88 

3.25 
3.50 
5.96 
8.00 
8.25 
7.58 
5.13 
3.88 
3.58 
3.42 
3.54 
3.67 
3.75 
3.38 
2.96 
2.63 
2.40 
3.46 
10.25 
11.63 
9.96 
7.42 
5.58 
4.88 
4.00 
3.46 
3.08 
2.75 
2.50 
2.42 
2.20 

3.08 
3.65 
3.21 
2.85 
2.92 
2.92 
2.50 
2.85 
2.94 
2.71 
2.25 
2.17 
2.08 
1.06 
1.92 
8.04 
3.21 
4.46 
4.25 
7.13 
6.63 
4.50 
3.79 
4.44 
3.75 
3.33 
3.04 
2.58 
2.42 
2.33 
2.20 

2.21 
2.04 
1.88 
1.58 
1.46 
1.25 
1.17 
1.17 
1.17 
1.13 
1.08 
1.19 
1.48 
1.38 
2.92 
4.71 
3.98 
2.67 
2.25 
2.08 
3.83 
3.08 
2.46 
2.33 
2.08 
1.81 
1.63 
1.52 
1.47 
1.38 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 '   

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

26 

27 

28 

29 

ao .'.."..v. 

31 

1.25 

1.21 

1.17 

1.21 

1.08 

1.15 

1.04 

.98 

.02 

.95 

.97 

1.00 

1.03 

1.00 

.95 

.90 

.92 

.86 

.85 

.83 

.83 

.81 

.77 

.75 

.75 

.74 

.75 

.75 

1.00 

1.29 

3.81 
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RIVER   HEIGHTS    FOR   1896. 


[NO.  11. 


Kan$a8  River  at  Lawrence,  Kautat. 


Day- 


I 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

26 

27 

28 

29 

30 

31 

0.10 

.00 

-.25 

—  75 

.00 

.00 


0.50 
.50 
.45 
.45 
.40 
.45 


+.10 

.55 

.05 

.55 

.17 

.60 

.17 

.65 

.15 

.50 

.30 

.50 

.25 

.50 

.25 

.50 

.30 

.50 

.35 

.45 

.30 

.45 

.30 

.55 

.30 

.40 

.40 

.40 

.35 

.40 

.30 

.50 

.25 

.50 

.30 

.45 

.30 

.45 

1  '^ 

.45 

-.10 

.40 

-.40 

.45 

+.10 

.40 

.40 

.55 

Mar. 

Apr. 

0.50 

0.45 

.45 

.35 

.45 

.35 

.40 

.35 

<^.45 

.40 

.40 

.45 

.40 

.45 

.40 

.50 

.40 

.55 

.40 

.50 

.40 

.45 

.35 

.65 

.25 

.70 

.05 

.60 

.35 

.60 

.40 

.55 

Apr. '  May.  'Jane.  July.'  Ang.  ■  Sept. '  Oct 


.20 

.35 

.30 

.35 

.40 

.40 

.40 

.35 

.40 

.30 

.30 

.35 

.45, 

.50 

.50 


.60 

.65 

2.85 

3.20 

3.10 


2. 
2. 
1. 
I. 


55 

10 
90 
90 


2.80 
3.00 
2.80 
2.00 
1.65 


1.50 
1.45 
1.55 
1.45 
2.70 
4.30 
3.80 
2.90 
2.55 
2.30 
1.90 
1.75 
1.60 
1.80 
2.20 
4.90 
5.70 
4.70 
3.80 
4.90 
4.85 
5.55 
4.00 
4.00 
3.50 
3.50 
3.00 
2.65 
2.30 
2.00 
2.20 


Kov.   Dec.  I 


5.20 
6.30 
5.80 
5.20 
4.20 
4.40 
4.70 
4.30 
4.10 
4.25 
4.70 
3.85 
3.30 
2.90 
2.40 
1.95 
1.75 
1.65 
1.55 
1.35 
1.40 
1.35 
1.40 
1.55 
1.65 
1.95 
2.25 
2.90 
2.90 
2.50 


2.10 
2.10 
3.60 
5.20 
5.60 
5.10 
3.90 
2.55 
2.45 
2.20 
2.25 
2.40 
2.40 
2.25 
1.95 
1.80 
1.60 
1.80 
9.0>) 
7.70 
6.60 
5.10 
3.80 
3.30 
2.90 
2.40 
2.10 
1.80 
1.70 
1.55 
1.55 


1.70 
2.55 
2.25 
1.90 
1.90 
1.90 
1.70 
1.90 
2.15 
1.90 
1.50 
1.35 
1.30 
1.25 
1.20 
1.60 
2.25 
3.00 
3.40 
4.50 
4.70 
3.20 
2.60 
3.00 
2.60 
2.25 
1.90 
1.70 
1.45 
1.50 
1.45 


1.40 
1.25 
1.10  ; 
1.00 
1.00 
1.00  i 

1.00  : 

.80 
.80 
.80 
.80 
.80 
1.20 
1.40 
3.20  I 
3.10 
2.60  I 
2.00 
1.60 
1.60  I 
2.10  ' 
2.40  < 
1.90  ' 
1.50 
1.30 
1.20 
1.20 
1.00 
1.00 
.90 


0.80 
.80 
.80 
.80 
.70 
.75 
.65 
.60 
.60 
.60 
.80 
.80 
.80 
.70 
.70 
.60 
.80 
.60 
.60 
.60 
.55 
.50 
.50 
.50 
.55 
.55 
.50 
.50 
.60 
.90 

2.15 


3.00 
2.70 
2.30 
2.30 
2.10 
1.80 
1.60 
1.40 
1.20 
1.10 
1.00 
1.00 
1.00 
1.00 
1.00 

.90 

.80 

.80 

.80 

.80 

.80 

.80 

.80 

.80 

.80  I 
1.00 

.00 

.80 
1.00 
1.80 


1.C0 

1.00 

.80 

.90 


1. 
1. 
1. 
1. 
1. 


00 

20 

20 

20 

05 

1.00 

1.00 

1.00 

1.00 

1.00 

.90 

.90 

.90 

.85 

.00 

.80 

.80 

.80 

.80 

.80 

.80 

.85 

.90 

.85 

.80 

.80 

.80 


Arkansas  River  at  Canyon,  Colorado. 


Day. 

Jan. 

Feb.' 

Mar. 
2.40 

■ 
1 

2.45 

2.40 

2 

2.50 

2.45  2.30 

3 

2.50 

2.40  2.30 

4 

2.50 

2.50  :  2.80 

5 

2  55 

2.50  ;  2.40 

6 

2  45 

2. 50  1  2. 40 

7 

2.50 

2. 60  2. 40 

8 

2.50 

2.60  ,  2.40 

9 

2.50 

2. 50  2. 50 

10 

2.1:0 

2.50 

2.50 

11 

2.50 
2.45 
2.50 

2.50 
2.35 

2.50 

12 

2  41) 

13 

2.  35  2. 40 

14 

2.50 
2.50 
2.50 

2.45  2.40 

15 

2. 45  2. 50 

16 

2.45  2.50 

17 

2.50 
2.50 
2.50 
2.50 
2.50 
2.55 
2.55 

2. 45  2. 60 

18 

2.45  2.60 

19 

2.45  2.50 

20 

2. 45  2. 50 

21 

2. 45  2. 40 

22 

2.45  1  2.50 

23 

2.55  2.60 

24 

2.50 
2.5«) 
2.45 

2. 55  2. 60 

25 

2.50  2.80 

26 

2. 45  2. 80 

27 

2.45 
2.45 
2.50 
2.50 
2.45 

2.45  ,  2.90 

28 

2.40  ,  3.20 

29 

2. 40  2.  50 

30 

2.50 

31 

!  2.40 

Apr. '  May.  Jane.  Jnly.  Aug.  Sept. 


2.50 
2.60 
2.60 
2.50 


2. 
2. 
2. 
2. 


50 
60 
50 
50 
2.40 
2.50 
2.40 
2.40 
2.40 
2.60 
2.70 
2.80 
2.90 
2.85 
2.75 
2.70 
2.60 
2.60 
50 
60 
75 
85 
2.95 
3.00 
3.05 
3.10 


2. 
2. 
2. 
2. 


3.05 
3.05 
3.30 
3.35 
3.40 
3.60 
3.80 
3.90 
3.75 
3.60 
3.55 
3.50 
3.40 
3.20 
3.10 
3.00 
2.90 
2.80 
2.80 
2.85 
2.95 
3.05 
3.15 
3.70 
3.80 
4.00 


4.45 
4.00 
3.95 
3.70 
3.65 
3.70 
3.50 
3.40 
3.30 


00 
20 
25 
50 
60 


3. 
3. 


35 
40 
3.30 
3.20 
3.10 
3.10 
8.00 
3.05 
3.00 
3.00 
2.95 
2.90 
80 
8U 


2. 
2. 
2. 
2. 
2. 
2. 
2. 


70 
70 
60 
50 
50 


2.40 
2.40 


2.30 
2.30 
2.25 
2.30 
2.30 
2.20 
2.20 
2.20 
2.20 
2.15 
2.20 
2.20 
2.15 
2.10 
2.05 
2.96 
3.57 
3.20 
3.20 
2.80 
2.70 
2.70 
2.60 
4.13 
2.90 
2.80 
2.70 
2.60 
2.60 
2.45 
2.40 


2.40 
2.30 
2.20 
2.00 
1.95 
2.50 
2.35 
2.00 
1.90 
1.90 
1.90 
1.80 
l.M) 
1.80 
1.80 
1.80 
2.75 
2.15 
2.50 
2.40 
2.60 
2.50 
2.50 
2.40 
2.  .35 
2.15 
2.00 
1.95 
2.00 
4.60 
2.80 


2.60 
2.50 
2.25 
2.20 
2.20 
2.10 
2.10 
2.05 
1.95 
2.25 
2.30 
2.25 
2.20 
2.15 
2.10 
2.10 
2.10 
2.20 
2.35 
2.45 
2.30 
2.30 
2.80 
2.20 
2.20 
2.2(1 
2.20 
2.20 
2.20 
2.20 


Oct.  I  Nov. 


Dec. 


2.15 
2.10 
2.10 
2.10 
2.10 
2.10 
2.05 
2.15 
2.20 
2.20 
2.20 
2.20 
2.20 
2.20 
2.20 
2.20 
2.20 
2.10 
2.10 
2.10 
2.10 
2.15 
2.20 
2.20 
2.20 
2.20 
2.20 
2.20 
2.20 
2.30 
2.30 


2.30 

3.55 

2.30 

5.50 

2.30 

3.00 

2.30 

2.30 

2.80 

2.35 

2.40 

2.30 

2.35 

2.40 

2.50 

2.60 

2.50 

2.50 

2.50 

•«••■••* 

2.50 

2.50 

2.50 



2.40 

2.45 

2.40 

2.50 

2.00 

2.50 

2.50 

2.40 

2.40 

2.20 

2.70 

2.10 

2.00 

1 

2.00 

1 

2.00 

1 

DAVIS.] 


GAGE   HEIGHTS   IN   KANSAS   BASIN. 


6y 


Blue  Eiver  at  Manhattan,  Kan§a9, 


Day. 


Jan. 


1 
2 
8 

i 
5 
6 
7 
8 
0 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
2B 

ao 

31 


3.70 
3.60 
3.55 
8.70 
3.70 
3.80 
3.76 
3.75 
3.80 
3.85 
3.80 
3.70 
3.65 
8.50 
o.  55 
3.60 
3.65 
3.60 
3.55 
3.60 
3.75 
8.60 
3.60 
3.30 
3.45 
3.65 
3.75 
3.80 
3.75 
3.70 
3.80 


Feb. 

Apr.o 

May. 

June. 

July. 

8.80  ; 

5.60 

20.55 

11.15 

3.80  1 

5.35 

20.30 

18.30 

8.75  ' 

5.75 

13.85 

2-2.25 

3.75 

13.96 

11.85 

22.20 

3.75 

...•>• 

16.75 

8.80 

19.00 

3.80 

13.25 

8.75 

10.75 

3.70 

0.50 

8.25 

8.15 

3.85 

7.60 

8.35 

7.50 

3.75 

6.20 

14.60 

7.75 

3.75 

6.45 

14.50 

9.40 

3.65 

6.10 

12.30 

9.25 

3.65 

5.75 

9.55 

9.20 

3.70 

5.66 

7.20 

9.35 

8.55 

11.20 

7.20 

8.65 

3.55 

13.65 

6.35 

7.75 

3.60 

5.50 

12.30 

5.95 

6.40 

3.65 

7.20 

11.501 

5.60 

6.25 

3.65 

9.85 

11.00 

5.20 

9.15 

3.60 

11.05 

11.45 

5.00 

13.90 

3.70 

10.20 

14.40 

4.90 

12.70 

3.65 

8.35 

13.25 

4.30 

12.00 

3.40 

7.20 

11.35 

4.05 

10.75 

8.45     6.55 

10.35 

5.10 

9.85 

3.55 

6.05 

11.05 

5.75 

7.25 

3.65 

5.70 

10.05 

5.45 

5.60 

3.60 

5.35 

9.00 

9.20 

6.20 

3.60 

5.85 

8.35 

12.60 

5.40 

3.45 

5.20 

7.65 

10.70 

5.10 

5.20 

6.90 

9.40 

4.65 

5.25 

6.40 
14.15 

8.25 

6.70 
11.60 

Aug. 


9.75 
8.80 
7.10 
6.70 
6.00 
5.70 
7.60 
8.25 
7.35 
7.35 
5.85 
5.45 
5.60 
8.10 
10.76 
9.70 
7.80 
6.95 
10.15 
15.85 
10.25 
7.75 
5.05 
6.75 
8.40 
6.90 
5.75 
5.45 
5.45 
•5.10 
4.95 


Sept. 


Oct. 


4.80 
4.60 
4.85 


5. 
5. 
5. 
4. 

4. 
5. 


50 
20 
15 
95 
85 
05 
5.15 
5.00 
5.20 
5.15 
7.50 
9.75 
8.15 
6.65 
6.15 
10.50 
10.25 
7.60 
6.15 
6.85 
6.10 
6.40 
5.05 
5.00 
4.95 
4.80 
4.70 


4.70 
4.60 
4.65 
4.70 
4.85 
5.06 
4.00 
4.60 
4.25 
4.00 
4.30 
4.00 
3.90 
3.70 
3.60 
3.70 
3.80 
8.20 
8.15 
3.00 
3.00 
3.00 
3.00 
3.05 
3.00 
3.10 
3.00 
2.80 
10.00 
12.75 
12.25 


Nov. 


10.50 
8.50 
7.90 
7.00 
6.40 
5.90 
5.40 
5.00 
5.00 
4.90 
4.80 
4.60 
4.40 
4.30 
4.20 
4.00 
4.00 
3.80 
8.80 
3.50 
3.60 
3.50 
3.80 
3.80 
3.90 
4.85 
5  60 
5.40 
5.30 
5.20 


Dec. 


5.00 
5.00 
4.80 
4.65 
4.00 
4.00 
4.25 
4.65 
4.60 
4.80 
4.90 
6.00 
5.00 
6.00 
4.80 
4.80 
4.70 
4.70 
4.70 
4.50 
4.30 
4.00 
4.00 
3.80 
8.70 
3.50 
3.00 
3.00 
8.00 
3.65 
4.00 


a  Observations  discontinaed  from  March  1  to  April  15 ;  observer  moved  away. 

Kansas  River  at  Lecompton^  Kansas, 


Day. 


1. 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

16 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

26 

27 

28 

20 

80 

31, 


Jan.  Feb. 


0.82 
.76 
.85 
.65 
.42 
.49 
.67 
.66 
.63 
.65 
.77 
.88 
.87 
.94 
.85 
.66 
.60 
.54 
.53 
.58 
.63 
.51 
.54 
.55 
.18 
.34 
.87 
.60 
.53 
.98 
.87 


0.72 
.70 
.72 
.77 
.85 
.93 
.93 
.88 
.95 
.92 
.88 
.79 
.75 
.74 
.82 
.75 
.72 
.73 
.69 
.70 
.67 
.66 
.64 
.63 
.58 
.58 
.62 
.60 
.58 


Mar.  I  Apr. 


0.68 
.73 
.75 
.60 
.83 
.79 
.67 
.38 
.42 
.42 
.46 
.48 
.48 
.50 
.58 
.50 
.42 
.65 
.75 
.50 
.60 
.52 
.52 
.54 
.58 
.  Oo 
.65 
.73 
.88 
.83 
.75 


0.73 

.71 

.67 

.67 

.65 

.67 

.79 

.77 

.83 

.75 

.75 

1.08 

1.25 

1.02 

.94 

.92 

.92 

1.50 

4.71 

6.00 

4.67 

3.83 

3.29 

2.83 

8.33 

4.04 

4.79 

3.92 

2.96 

2.60 


May. 

June. 

July. 

Aug. 

2.37 

8.50 

3.25 

3.08 

2.37 

9.33 

3.50 

3.65 

2.35 

8.67 

5.96 

3.21 

2.42 

7.50 

8.00 

2.85 

4.92 

6.17 

8.25 

2.92 

6.54 

7.13 

7.58 

2.92 

6.42 

6.02 

5.13 

2.50 

4.33 

6.42 

3.88 

2.85 

3.83 

5.92 

3.58 

2.94 

3.60 

6.67 

3.42 

2.71 

3.04 

6.79 

3.54 

2.25 

2.58 

5.58 

3.67 

2.17 

2.42 

4.92 

3.75 

2.08 

3.08 

4.21 

3.38 

1.96 

8.88 

3.54 

2.96 

1.92 

8.46 

3.08 

2.63 

3.04 

8.13 

2.79 

2.40 

3.21 

6.58 

2.58 

3.46 

4.46 

5.63 

2.38 

10.25 

4.25 

8.67 

2.21 

11.63 

7.13 

8.92 

2.17 

9.96 

6.63 

8.13 

2.13 

7.42 

4.50 

6.13 

2.25 

5.68 

3.79 

5.67 

2.29 

4.88 

4.44 

6.29 

2.67 

4.00 

3.75 

5.13 

3.21 

3.46 

3.33 

4.42 

3.54 

3.08 

3.04 

3.83 

4.48 

2.75 

2.58 

3.38 

4.46 

2.50 

2.42 

2.98 

3.88 

2.42 

2.33 

3.71 

2.20 

2.29 

Sept. 


2.21 
2.04 
1.A8 
1.68 
1.46 
1.25 
1.17 
1.17 
1.17 
1.13 
1.08 
1.19 
1.48 
1.38 
2.92 
4.71 
3.96 
2.67 
2.25 
2.08 
3.83 
3.08 
2.46 
2.33 
2.08 
1.81 
1.63 
1.52 
1.47 
1.38 


Oct.   Nov. 


1.25 

1.21 

1.17 

1.21 

1.08 

1.15 

1.04 

.98 

.02 

.95 

.97 

1.00 

1.03 

1.00 

.95 

.90 

.92 

.86 

.85 

.83 

.83 

.81 

.77 

.75 

.75 

.74 

.75 

.75 

1.00 

1.29 

3.81 


4.46 
3.88 
3.50 
3.15 
3.13 
2.02 
2.38 


62 


RIVER   HEIGHTS   FOR    1896. 


(NO.  11. 


Arkansas  Hirer  at  Hutchinson  j  Kansas, 


aloe. 


Day. 

Jan. 

Feb. 

Mar. 

Apr.  May. 

Jane. 

Jiily. 

1.55 
1.50 
1.55 
1.60 
1.50 
1.50 
1.50 
1.50 
1.50 
1.55 
1.50 
1.45 
1.40 
1.40 
1.40 
1.50 
1.60 
2.30 
3.15 
2.65 
2.25 
2.22 
2.20 
2.85 
3.00 
2.40 
2.15 
2.00 
1.95 
1.85 
1.80 

Aug. 

« 

Sept. 

Oct. 

Nov. 

Dec. 

1 

1.95 
1.90 
1.85 
1.80 
2.15 
2.20 
1.95 
1.90 
1.85 
1.85 
1.80 
1.90 
2.10 
2.25 
2.40 
2.40 
2.40 
2.30 
2.35 
2.40 
2.40 
2.40 
2.50 
2.45 
2.40 
2.85 
2.90 
2.80 
2.75 
2.60 
2.50 

2.50 
2.50 
2.45 
2.40 
2.40 
2.40 
2.40 
2.40 
2.30 
2.20 
2.20 
2.15 
2.10 
2.10 
2.10 
2.00 
2.00 
2. 00 
2.05 

2.  in 

1.90 
1.85 
1.70 
1.70 
1.85 
1.90 
1.80 
1.80 
1.90 
1.95 
1.90 
1.90 
1.85 
1.90 
1.90 
2.25 
1.85 
1.90 

1.50  j  1.60 

1.30 
1.30 
1.30 
1.30 
1.30 
1.80 
2.35 
2.65 
2.00 
1.80 
1.70 
1.70 
1.65 
1.55 
1.50 
1.50 
1.60 
1.55 
1.50 
1.40 
1.60 
1.80 
2.35 
2.65 
2.30 
1.95 
1.75 
1.70 
1.70 
1.60 

1.80 
1.65 
1.80 
1.90 
1.85 
1.80 
1.80 
1.80 
1.65 
1.60 
1.50 
1.50 
1.50 
1.40 
1.40 
1.40 
1.40 
1.40 
1.40 
1.40 
1.40 
1.40 
1.30 
1.30 
1.30 
1.30 
1.80 
1.30 
1.30 
1.30 
1.30 

1.20 
1.20 
1.20 
1.20 
1.20 
1.20 
1.20 
1.20 
1.20 
1.20 
1.20 
1.20 
1.20 
1.50 
1.45 
1.35 
1.30 
1.40 
1.55 
1.40 
1.35 
1.30 
1.30 
1.30 
1.30 
1.30 
1.30 
1.30 
1.30 
1.30 

1.30 
1.30 
1.30 
1.30 
1.80 
1.30 
1.30 
1.30 
1.80 
1.40 
1.40 
1.30 
1.30 
1.30 
1.30 
1.80 
1.30 
1.30 
1.30 
1.30 
1.30 
1.50 
1.50 
1.50 
1.50 
1.50 
1.50 
1.50 
2.00 
2.05 
1.85 

1.75 
1.60 
1.60 
1.60 
1.60 
1.60 
1.60 
1.50 
1.50 
1.50 
1.50 
1.50 
1.50 
1.50 
1.50 
1.50 
1.50 
1.50 
1.50 
1.50 
1.50 
1.50 
1.50 
1.40 
1.40 
2.00 
2.00 
<o) 

i     (a) 

!     (a) 

i 

(a) 

2 

1.50 
1.50 
1.50 
1.50 
1.50 
1.45 
1.50 
1.50 
1.45 
1.45 
1.55 
1.70 
1.65 
1.60 
1.65 
1.00 
2.20 

1.55 
1.50 
1.50 
1.45 
1.40 
1.40 
1.40 
1.40 
1.50 
1.45 
1.40 
1.40 
1.50 
1.60 
1.70 
1.70 
1.65 
1.55 
1.55 
1.50 
1.50 
1.50 
1.50 
1.40 
1.50 
1.60 
1.45 
1.40 
1.30 
1.30 

(a)     ! 

3 

1.70 

4 

1.60 
1.60 
1.60 
1.60 
1.60 
1.60 
1.60 
1.60 
1.60 
1.60 
1.60 
l.fO 
1.60 
1.00 
1.80 
1.70 
1.60 
1.60 
1.50 
1.50 
1.50 
1.50 
1.50 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

1.95  ;  2.15 
1.00  '  2.10 

20 

21 

2. 10     1. 80 
2.15     1.80 
2. 10     1. 80 
2. 10     1-  75 

2.00 
2.00 
2.05 
1.95 
1.90 
1.80 
1.80 
1.85 
1.75 
1.65 

22 

23 

24 

25 

2.10 
2.10 
2.15 

1.70 
1.70 
1.60 

26 

27 

1.55 

28 

1.95  ,  1.60 
1. 90  i  1.  60 

'  1.55 

,  1.50 

1.60 

29 ,.. 

30 

1.60 
1.50 

31 

1.00 

Verdigris  Hiver  at  Liberty,  Kansas, 


Day. 

Jan. 

Feb. 

Mar. 

Apr. 

May. 

June. 

July. 

Aug. 

Sept. 

Oct. 

Nov. 

5.40 
4.45 
3.90 
3.65 
3.45 
3.40 
3.80 
3.20 
3.20 
3.10 
3.10 
3.00 
2.95 
2.90 
2.80 
2.80 
2.70 
2.70 
2.65 
2.60 
2.60 
2.00 
2.60 
2.60 
2.60 
2.80 
14.50 
14.00 
6.85 
4.80 

Dec. 

t 

1 

2 

4.60 
4.45 
4.05 
3.85 
4.00 
3.90 
3.90 
3.90 
3.90 
3.90 
3.00 
3.90 
3.90 
8.90 
3.90 
8.90 
3.80 
3.70 
3.70 
8.70 
3.70 
3.70 
3.70 
3.70 
3.60 
3.50 
3.40 
3.40 
3.40 
3.40 
3.40 

8.50 
3.80 
4.00 
3.00 
3.80 
3.60 
3.60 
3.50 
3.40 
3.30 
3.40 
3.40 
3.40 
3.40 
3.40 
3.80 
3.30 
3.30 
3.20 
3.20 
3.10 
3.00 
3.00 
3.0O 
3.00 
3.00 
3.00 
3.00 
3.00 

3.00 
2.90 
2.80 
2.80 
2.80 
2.80 
2.80 
2.80 
2.80 
2.80 
2.80 
2.80 
2.80 
2.80 
2.80 
2.80 
3.00 
3.10 
8.20 
3.20 
3.20 
3.20 
3.20 
3.20 
3.10 
3.10 
3.10 
3.10 
3.00 
3.00 
3.00 

3.00 
2.90 
2.80 
2.80 
2.80 
2.80 
2.80 
2.80 
2.80 
3.00 
5.40 
4.40 
3.80 
3.50 
3.40 
3.30 
3.20 
3.10 
3.00 
3.00 
3.10 
3.15 
3.50 
3.15 
5.55 
8.10 
6.20 
4.85 
4.46 
8.90 

8.50 

3.40 

8.40 

3.80 

6.05 

4.20 

8.55 

3.25 

3.05 

2.90 

2.80 

2.70 

2.70 

2.70 

2.70 

8.45 

11.25 

10.65 

6.80 

12.26 

9.95 

6.45 

12.66 

23.75 

'  22.75 

20.50 

19.25 

13.00 

6.55 

5.25 

4.80 

4.55 
4.35 
4.20 
4.05 
3.85 
3.80 
3.65 
14.75 
21.66 
12.75 
5.25 
4.65 
4.15 
3.95 
3.75 
3.55 
8.40 
3.30 
3.20 
3.10 
3.10 
3.15 
3.20 
8.20 
3.25 
3.46 
8.40 
12.50 
8.10 
4.65 

4.00 
3.65 
3.45 
3.40 
6.70 
5.40 
4.35 
3.80 
3.50 
3.40 
3.30 
3.20 
3.10 
3.00 
2.90 
2.80 
2.70 
2.70 
7.00 
16.25 
16.50 
15.25 
7.00 
4.70 
4.10 
3.90 
3.80 
3.65 
8.45 
3.15 
3.00 

2.90 
2.80 
2.70 
2.60 
2.55 
2.45 
2.35 
2.30 
2.10 
2.10 
2.10 
2.10 
2.10 
2.10 
2.10 
2.10 
2.00 
2.00 
2.00 
2.00 
2.00 
2.00 
2.00 
2.00 
2.00 
2.00 
2.00 
2.00 
2.00 
1.90 
1.90 

1.90 
1.90 
1.90 
1.90 
1.90 
1.90 
1.95 
1.95 
1.90 
1.80 
1.80 
1.70 
1.70 
1.70 
1,70 
1.70 
1.70 

2.35 
2.25 
2.15 
2.10 
2.10 
2.00 
2.00 
2.00 
1.95 
1.90 
1.90 
1.90 
1.90 
1.90 
1.85 
1.80 
1.R0 

4.40 
4.10 

3 

3.90 
3.90 

4 

5 

3.80 

6 

7 

8 

3.80 

9 

10 

11 

12 

3.80 
3.60 

13 

14 

'3.46 

15 

16 

17 

"3.' 26" 

18 

1.70     1.80 
2.60     1.80 
3. 35     1. 80 
3.20     1.80 
3.00  1  1.90 
2.85  :  2.40 
2. 65  1  3. 70 
2.  50  '  4. 50 
2.50  1  3.85 
2.50  ;  3.30 
2.60  j  3.a'i 
2.45     5.25 
2.40   14.00 
8.50 

3.10 

19 

20 

21 

22 

8.00 

23 

8.00 

24 

1 

25 

8.00 

26 

27 

i 

28 

29 

30 

31 

DiVIB.] 
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Neoaho  Miver  at  Jola^  Kamoi, 


Day. 

Jan. 

Feb. 

M&r. 

Apr. 

Hay. 

June. 

July. 

Aug. 

Sept. 

Oct. 

Nov. 

Dec. 

I— ■".:::: 

3 

2.09 
2.80 
2.60 
2.50 
2.70 
2.65 
2.55 
2.50 
2.55 
2.50 
2.50 
2.55 
2.50 
2.55 
2.50 
2.50 
2.55 
2.60 
2.  GO 
2.00 
2.60 
2.60 
2.60 
2.60 
2.60 
2.60 
2.50 
2.50 
2.50 
2.55 
2.75 

2.95 
2.95 
2.90 
2.70 
2.70 
2.70 
2.65 
2.55 
2.50 
2.50 
2.50 
2.50 
2.50 
2.50 
2.50 
2.50 
2.40 
2.40 
2.40 
2.40 
2.40 
2.40 
2.40 
2.40 
2.40 
2.40 
2.40 
2.40 
2.40 

2.40 
2.40 
2.40 
2.40 
2.45 
2.45 
2.40 
2.40 
2.40 
2.40 
2.30 
2.30 
2.30 
2.20 
2.20 
2.30 
2.80 
2.30 
2.30 
2.20 
2.20 
2.20 
2.30 
2.40 
2.60 
2.50 
2.40 
2.40 
2.35 
2.30 
2.30 

2.30 
2.30 
2.30 
2.30 
2.30 
2.30 
2.30 
3.95 
10.25 
8.10 
6.85 
4.50 
3.75 
3.50 
3.35 
3.35 
3.45 
3.20 
3.05 
3.00 
2.60 
2.90 
4.25 
3.00 
0.60 
7.70 
0.40 
6.95 
4.50 
3.85 

3.60 

8.40 

8.15 

7.58 

5.00 

3.85 

3.75 

3.40 

3.00 

2.90 

2.85 

2.80 

2.70 

2.70 

3.75 

11.55 

9.45 

7.!0 

6.40 

5.55 

4.85 

16.25 

18.25 

20.10 

19.05 

16.50 

15.25 

10.75 

5.70 

5.05 

4.65 

4.40 
4.00 
3.90 
8.80 
3.70 
3.70 
3.80 
6.45 
4.85 
4.30 
4.00 
3.05 
3.70 
3.45 
3.85 
3.25 
3.15 
3.05 
3.00 
3.00 
2.05 
2.90 
2.90 
2.90 
3.40 
3.60 
3.45 
3.65 
3.45 
3.40 

3.30 
3.30 
3.30 
4.35 
4.95 
3.90 
3.80 
3.50 
3.35 
3.20 
2.95 
2.80 
2.75 
2.70 
2.60 
2.60 
2.60 
2.65 
4.45 
5.45 
7.20 
7.75 
5.65 
4.30 
4.00 
3.65 
3.50 
3.30 
3.  .30 
3.20 
3.10 

8.00 
2.85 
2.80 
2.70 
2.60 
2.55 
2.50 
2.40 
2.30 
2.30 
2.30 
2.30 
2.30 
2.20 
2.20 
2.20 
2.20 
2.20 
2.15 
2.10 
2.10 
2.10 
2.10 
2.10 
2.10 
2.10 
2.10 
2.10 
2.10 
2.10 

2.10 
2.10 
2.10 
2.10 
2.10 
2.10 
2.10 
2.10 
2.10 
2.10 
2.10 
2.10 
2.00 
2.00 
2.00 
2.00 
2.00 
2.00 
2.00 
2.00 
2.00 
2.00 
2.00 
2.10 
2.10 
2.10 
2.10 
2.10 
2.10 
2.10 

2.10 
2.10 
2.10 
2.10 
2.00 
2.00 
2.00 
2.00 
2.00 
2.00 
2.00 
2.00 
2.00 
2.00 
2.00 
2.10 
2.10 
2.00 
2.10 
2.10 
2.10 
2.05 
2.05 
2.00 
2.00 
2.00 
2.00 
2.00 
2.00 
2.05 
2.85 

3.70 
3.35 
2.60 
2.40 
2.35 
2.35 
2.45 
2.40 
2.40 
2.30 
2.30 
2.30 
2.30 
2.25 
2.20 
2.20 
2.20 
2.20 
2.20 
2.20 
2.20 
2.10 
2.1C 
2.10 
2.15 
2.80 
4.85 
4.00 
3.55 
3.45 

3.25 
3.15 
2.85 
2.66 
2.55 
2.50 
2.50 
2.50 
2.50 
2.45 
2.40 
2.40 
2.40 
2.40 
2.40 
2.40 
2.35 
2.80 
2.30 
2.30 
2.30 
2.30 
2.20 
2.20 
2.20 
2.20 
2.20 
2.20 
2.20 
2.20 
2.20 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

18 

18 

20 

21 

22 

23 

24 

25 

i  20 

27 

28 

29 

iQ 

31 

' 

Medicine  River  at  Kiowa,  KanaaM, 


Day. 


3  an.       Feb. 


1 



2.50 

2 

2.60 

3 

2.60 

4 

2.70 

5 

2.70 

e 

2.60 

7 

2.00 

8 

2.60 

9 

2.60 

10 

2.70 

11 

2.80 

12 

2.70 

13 

2.60 

14 

2.60 

15 

2.60 

W 

2.70 

17 

2.80 

18 

2.75 

19 

2.66 

20 

2.60 

21 

2.50 

22 

2.50 

21 

2.50 

24 

2.50 

25 

2.60 

26 

2.00 

21 

2.60 

39 

2.60 

29 

2.60 

30 

2.50 

31 

2.50 

2.50 
2.50 
2.50 
2.00 
2.60 
2.60 
2.70 
2.70 
2.70 
2.70 
2.60 
2.60 
2.60 
2.60 
2.60 
2.60 
2.50 
2.60 
2.70 
2.70 
2.70 
2.60 
2.50 
2.50 
2.40 
2.40 
2.40 
2.50 
2.50 


iar. 

Apr. 

2.40 

2.40 

2.40 

2.40 

2.40 

2.40 

2.40 

2.40 

2.30 

2.20 

2.80 

2.20 

2.30 

2.00 

2.40 

2.00 

2.40 

2.00 

2.40 

1.90 

2.40 

1.90 

2.50 

2.20 

2.60 

2.50 

2.60 

2.56 

2.70 

2.60 

2.65 

2.60 

2.60 

2.60 

2.50 

2.75 

2.50 

3.75 

2.50 

3.70 

2.50 

3.15 

2.50 

2.75 

2.60 

2.70 

2.60 

2.65 

2.60 

2.50 

2.60 

2.50 

2.60 

2.60 

2.50 

2.80 

2.45 

2.85 

2.40 

2.80 

2.40 

May. 


2.80 
2.50 
2.60 
2.50 
2.60 
2.40 
2.40 
2.40 
2.30 
2.20 
2.20 
2.20 
2.30 
2.30 
2.30 
2.20 
2.10 
2.10 
2.15 
2.20 
2.35 
2.40 
3.20 
3.00 
2.80 
2,70 
2.60 
2.55 
2.45 
2.40 
2.30 


Jane,  a    July.      Ang. 


2.80 
2.30 
2.20 
2.20 
2.10 
1.90 
1.65 
1.30 
1.40 
1.20 
1.20 
1.-20 
1.20 


2.00 
2.20 
4.00 
2.95 
2.93 
5.50 
5.35 
4.75 
4.25 
3.95 


3.65 
8.60 
3.10 
2.80 
2.80 
2.70 
2.60 
2.60 
2.60 
2.90 
2.05 
2.90 
2.85 
3.25 
8.80 
5.90 
5.00 
4.70 
5.60 
4.90 
3.70 
3.60 
3.40 
3.00 
2.75 
2.75 
2.60 
2.50 
2.50 
2.55 
2.50 


2.40 
2.40 
2.40 
2.40 
2.40 
2.40 
2.30 
2.30 
2.00 
2.00 
2.00 
1.00 
1.90 
1.80 
1.80 
1.80 
1.80 
1.80 
1.80 
1.70 
1.70 
1.70 
1.70 
1.60 
1.60 
1.50 
1.50 
1.40 
1.40 
1.40 
1.40 


Sept.  b 


Oct. 


1.40 
1.40 
1.40 
1.40 
1.40 
1.40 
1.40 
1.40 


2.00 
2.00 
2.00 
2.00 
2.00 
2.00 
2.10 
2.35 
2.40 
2.20 
2.2U 
2.20 
2.20 
2.20 
2.10 
2.10 
2.10 
2.10 


2.10 
2.20 
2.20 
2.20 
2.20 
2.10 
2.20 
2.20 
2.20 
2.3U 
2.35 
2.40 
2.40 
2.40 
2.40 
2.40 
2.30 
2.30 
2.30 
2.40 
2.40 
2.55 
2.80 
2.90 
2.85 
2.80 
2.60 
2.00 
3.00 
2.95 
2.75 


a  Water  standing  in  pools  from  June  14  to  21. 

b  Water  standing  in  pools  from  September  0  to  13. 
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RIVER   HEIGHTS   FOR   1896. 


[NO.  11. 


Arkansas  River  at  Hutehinaonf  Kan$a$, 


aloe. 


Day. 

1 

2 

3 

Jan. 

1.95 
1.90 
1.85 
1.80 
2.15 
2.20 
1.05 
1.90 
1.85 
1.85 
1.80 
1.90 
2.10 
2.25 
2.40 
2.40 
2.40 
2.30 
2.35 
2.40 
2.40 
2.40 
2.50 
2.45 
2.40 
2.85 
2.90 
2.80 
2.75 
2.00 
2.50 

Feb. 

Mar. 

1.90 
1.85 
1.70 
1.70 
1.85 
1.90 
1.80 
1.80 
1.90 
1.95 
1.90 
1.90 
1.85 
1.90 
1.90 
2.25 
1.85 
1.90 
1.95 
1.90 
1.80 
1.80 
1.80 
1.75 
1.70 
1.70 
1.60 
1.60 
1.60 
1.55 
1.50 

Apr.i 

May. 

Jane. 

July. 

AUR. 

• 

Sept. 

1.20 
1.20 
1.20 
1.20 
1.20 
1.20 
1.20 
1.20 
1.20 
1.20 
1.20 
1.20 
1.20 
1.50 
1.45 
1.35 
1.30 
1.40 
1.55 
1.40 
1.35 
1.30 
1.30 
1.30 
1.30 
1.30 
1.30 
1.30 
1.30 
1.30 

Oct. 

Nov. 

Dec. 

2.50 
2.50 
2.45 
2.40 
2.40 
2.40 
2.40 
2.40 
2.30 
2.20 
2.20 
2.15 
2.10 
2.10 
2.10 
2.00 
2.00 
2.00 
2.05 
2.10 
2.10 
2.15 
2.10 
2.10 
2.10 
2.10 
2.15 
1.95 
1.90 

1.50 
1.50 
1.60 
1.50 
1.50 
1.50 
1.45 
1.50 
1.50 
1.45 
1.45 
1.55 
1.70 
1.65 
1.60 
1.65 
1.90 
2.20 
2.15 
2.10 
2.00 
2.00 
2.05 
1.95 
1.90 
1.80 
1.80 
1.85 
1.75 
1.65 

1.60 
1.55 
1.50 
1.60 
1.45 
1.40 
1.40 
1.40 
1.40 
1.50 
1.45 
1.40 
1.40 
1.50 
1.60 
1.70 
1.70 
1.65 
1.55 
1.55 
1.50 
1.50 
1.50 
1.50 
1.40 
1.50 
1.60 
1.45 
1.40 
1.30 
1.30 

1.30 
1.30 
1.30 
1.80 
1.30 
1.30 
2.35 
2.65 
2.00 
1.80 
1.70 
1.70 
1.65 
1.55 
1.50 
1.50 
1.60 
1.55 
1.50 
1.40 
1.60 
1.80 
2.35 
2.65 
2.30 
1.95 
1.75 
1.70 
1.70 
1.60 

1.55 
1.50 
1.55 
1.60 
1.50 
1.50 
1.50 
1.50 
1.50 
1.55 
1.50 
1.45 
1.40 
1.40 
1.40 
1.50 
1.60 
2.30 
3.15 
2.65 
2.25 
2.22 
2.20 
2.85 
3.00 
2.40 
2.15 
2.00 
1.95 
1.85 
1.80 

1.80 
1.65 
1.80 
1.90 
1.85 
1.80 
1.80 
1.80 
1.65 
1.60 
1.50 
1.50 
1.50 
1.40 
1.40 
1.40 
1.40 
1.40 
1.40 
1.40 
1.40 
1.40 
1.30 
1.30 
1.30 
1.30 
1.30 
1.30 
1.30 
1.80 
1.30 

1.30 
1.30 
1.30 
1.30 
1.30 
1.80 
1.30 
1.30 
1.30 
1.40 
1.40 
1.30 
1.30 
1.30 
1.30 
1.80 
1.30 
1.80 
1.30 
1.30 
1.30 
1.50 
1.50 
1.50 
1.50 
1.50 
1.50 
1.50 
2.00 
2.05 
1.85 

1.75 

1.60 

1.60 

1.60 

1.60 

1.60 

1.60 

1.50 

1.50 

1.50 

1.50 

1.50 

1.50 

1.50 

1.50 

1.50 

1.50 

1.50 

1.50 

1.50 

1.50 

1.50 

1.50 

1.40 

1.40 

2.00 

2.00 

(a) 

(a) 

(a) 

(a) 

(a) 

1.70 

1.60 

1.60 

1.60 

1.60 

1.00 

1.60 

1.00 

1.60 

1.60 

1.00 

1.60 

i.eo 

1.60 
1.60 
1.80 
1.70 
1.60 
1.60 
1.50 
1.50 
1.50 
1.50 
1.50 
1.55 
1.60 
1.60 
1.50 
1.00 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

26 

26 

27 

28 

29 

30 

31 

Verdi^ria  Biver  at  Liberty,  Kansas, 


Day. 


X  •  •  •  • 

2.... 

8.... 

4.... 

5.... 

6.... 

7.... 

8.... 

9.... 
10.... 
11.... 
12.... 
18.... 
14.... 
16.... 
16.... 
17.... 
18.... 
19.... 
20.... 
21.... 
22.... 
23.... 
24.... 
25... 
26.... 
27.... 
28.... 
29.... 
30.... 
31.... 


Jan. 

Feb. 

4.60 

3.50 

4.45 

3.80 

4.05 

4.00 

3.85 

3.90 

4.00 

3.80 

3.90 

3.60 

Mar. 


3.00 
3.90 
3.90 
3.90 
3.90 
3.90 
3.90 
3.90 
3.00 
8.90 
3.80 
8.70 
3.70 
3.70 
3.70 
3.70 
3.70 
3.70 
3.60 
3.50 
3.40 
8.40 
3.40 
3.40 
3.40 


3.60 
3.50 
3.40 
3.30 
3.40 
3.40 
3.40 
3.40 
3.40 
3.80 
3.30 
3.30 
3.20 
3.20 
3.10 
3.00 
3.00 
3.00 
3.00 
3.00 
3.00 
3.00 
3.00 


3.00 
2.90 
2.80 
2.80 
2.80 
2.80 
2.80 
2.80 
2.80 
2.80 
2.80 
2.80 
2.80 
2.80 
2.80 
2.80 
3.00 
3.10 
8.20 
3.20 
3.20 
3.20 
3.20 
3.20 
3.10 
3.10 
3.10 
3.19 
3.00 
3.00 
3.00 


Apr. 


3.00 
2.90 
2.80 
2.80 
2.80 
2.80 
2.80 
2.80 
2.80 
3.00 
5.40 
4.40 
8.80 
3.60 
8.40 
3.30 
3.2U 
3.10 
3.00 
3.00 
3.10 
8.15 
3.50 
3.15 
5.55 
8.10 
6.20 
4.85 
4.45 
3.90 


May. 


8.50 

3.40 

8.40 

3.80 

6.06 

4.20 

8.55 

3.25 

3.05 

2.90 

2.80 

2.70 

2.70 

2.70 

2.70 

8.45 

11.25 

10.65 

6.80 

12.25 

0.95 

6.45 

12.65 

23.75 

22.75 

20.50 

19.25 

13.00 

6.55 

5.25 

4.80 


June. 


July.  Aug.  Sept 


4.55 
4.35 
4.20 
4.05 
3.85 
3.80 
3.65 
14.75 
21.66 
12.75 
5.25 
4.65 
4.15 
3.95 
3.75 
3.55 
8.40 
3.80 
3.20 
3.10 
3.10 
8.15 
3.20 
8.20 
3.25 
3.46 
8.40 
12.50 
8.10 
4.65 


4.00 
3.65 
3.45 
3.40 
6.70 
6.40 
4.35 
3.8(1 
3.60 
3.40 
3.30 
8.20 
3.10 
3.00 
2.90 
2.80 
2.70 
2.70 
7.00 
16.25 
16.50 
15.25 
7.00 
4.70 
4.10 
3.90 
8.80 
8.65 
3.45 
3.15 
3.00 


2.90 
2.80 
2.70 
2.60 
2.55 
2.45 
2.35 
2.30 
2.10 
2.10 
2.10 
2.10 
2.10 
2.10 
2.10 
2.10 
2.00 
2.00 
2.00 
2.00 
2.00 
2.00 
2.00 
2.00 
2.00 
2.00 
2.00 
2.00 
2.00 
1.90 
1.90 


1.90 
1.90 
1.90 
1.90 
1.90 
1.90 
1.95 
1.95 
1.90 
1.80 
1.80 
1.70 
1.70 
1.70 
1.70 
1.70 
1.70 
1.70 
2.60 
3.35 
3.20 
3.00 
2.85 
2.65 
2.50 
2.50 
2.50 
2.50 
2.45 
2.40 


Oct. 


Nov.     Dec. 


2.35 
2.25 
2.15 
2.10 
2.10 
2.00 
2.00 
2.00 
1.95 
1.00 
1.90 
1.90 
1.00 
1.90 
1.85 
1.80 
1.80 
1.80 
1.80 
1.80 
1.80 
1.00 
2.40 
3.70 
4.50 
3.85 
3.80 
3.05 
5.25 
14.00 
8.50 


5.40 
4.45 
3.90 
3.65 
3.45 
3.40 
3.30 
3.20 
3.20 
3.10 
3.10 
3.00 
2.95 
2.90 
2.80 
2.80 
2.70 
2.70 
2.65 
2.60 
2.00 
2.60 
2.60 
2.60 
2.00 
2.80 
14.50 
14.00 
6.85 
4.80 


4.40 
4.10 
.1.90 
3.90 
3.80 


3.80 


8.00 


"3.80" 

'*3.'60" 

'3.46" 

"3.' 20"' 

"3."io"* 

3.60 

'8.60  * 

DiTIS.] 
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Bio  Grande  at  Embiido,  New  Mexico. 


D«y.          1 

Jan. 

1 

[  Feb. 

Mar. 

Apr. 

May. 

10.70 

Jnne. 
9.15 

July. 

Aug. 
7.  .10 

Sept. 
7.30 

Oct. 

Nov. 
7.60 

D«c. 

1 

8.35 

8.30 

8.50 

9.50 

7.30 

0.30 

8.10 

2 

8.25 

8.30 

8.50 

9.50 

10.65 

8.95 

7.30 

7.30 

7.30 

8.65 

7.40 

8.10 

3 

8.20 

8.10 

a  55 

9.50 

10.45 

8.80 

7.30 

7.30 

7.30 

7.45 

7.40 

8.00 

4 

8.35 

8.00 

8.40 

9.45 

10.55 

8.45 

7.30 

7.30 

7.30 

7.50 

7.30 

8.00 

5 

8.30 

8.05 

8  35 

9.55 

10.85 

8.40 

7.30 

7.30 

7.30 

7.50 

7.30 

8.00 

6 

8.20 

8.20 

8.35 

9.70 

11.00 

8.25 

7.30 

7.30 

7.30 

7.50 

7.30 

8.00 

7 

8.30 

8.20 

8.40 

10.05 

10.90 

8. 20     7.  30 

7.30 

7.30 

7.50 

7.80 

8.00 

8 

8.35 

8.30 

8.35 

10.10 

10.65 

8. 00     7. 30 

7.30 

7.30 

7.50 

7.30 

8.00 

• 

a.  30 

8.30 

8.30 

10.10 

10.40 

7. 90     7. 30 

7.30 

7.30 

7.50 

7.40 

8.00 

W , 

8.30 

8.20 

8.40 

10.20 

10.25 

7.75 

7.30 

7.30 

7.30 

7.50 

7.45 

7.90 

11 

8.50 

8.15 

8.50 

10.30 

10.10 

7.60 

7.30 

7.30 

7.30 

7.50 

7.50 

7.90 

12 

8.55 
8.10 
8.00 
8.00 
8.10 
8.05 
8.10 
8.00 

8.10 
8.20 
8.26 
8.10 
8.05 
8.20 
8.25 
8.25 

8.60 
8.55 
8.65 
8.70 
8.75 
8.75 
8.60 
9.10 

10.30 
10.30 
10.30 
10.30 
10.30 
10.30 
10.30 
10.05 

0.85 
9.65 
9.60 
9.50 
9.40 
9.40 
9.40 
9.25 

7.60 
7.50 
7.50 
7.60 
7.50 
7.40 
7.40 
7.85 

7.30 
9.65 
7.30 
7.30 
7.30 
7.45 
7.50 
7.50 

7.30 
7.30 
7.30 
7.30 
7.30 
7.30 
7.30 
7.30 

7.30 
7.30 
7.30 
7.30 
7.30 
7.30 
7.30 
7.30 

7.50 
7.60 
7.50 
7.60 
7.50 
7.50 
7.50 
7.50 

7.50 
7.60 
7.40 
7.40 
7.55 
7.95 
8.30 
8.40 

7.90 
7.90 
7.90 
7.90 
7.90 
7.85 
7.80 
7.80 

13 

14 

15 

16 

18 

tt 

2D 

8.00 
8.00 
8.10 
8.10 
8.10 
8.00 
8.00 
8.10 
8.20 
8.25 
8.25 

8.30 
8.20 
8.25 
8.20 
8.25 
8.30 
8.30 
8.40 
8.45 
8.45 

0.10 

9.05 

8.85 

9.15 

9.85 

9.56 

9.60 

9.70 

10.10 

10.30 

10.20 

9.90 

9.70 

9.70 

9.70 

9.70 

9.80 

9.80 

9.95 

10.65 

10.80 

10.80 

9.10 
9.00 
8.90 
8.90 
8.00 
8.90 
9.00 
9.60 
0.50 
9.50 
9.50 

7.30 
7.30 
7.30 
7.30 
7.30 
7.30 

7.60 
8.70 
7.80 
8.05 
8.00 
7.40 

7.30 
7.45 

i.eo 

7.40 
7.40 
7.35 
7.80 
7.30 
7.30 
7.30 
7.30 

7.30 
7.30 
7.30 
7.30 
7.30 
7.30 
7.30 
7.30 
7.45 
7.70 
8.30 

8.00 
7.86 
7.70 
7.70 
7.70 
7.70 
7.70 
7.70 
7.70 
7.  71) 
7.70 

8.40 
8.35 
8.60 
8.50 
8.35 
8.25 
8.20 
8.20 
8.  10 
8.10 
8.10 

7.80 
7.80 
7.80 
7.80 
7.80 
7.80 
7.80 
7.  HO 

22 

23 

14 

25 

at 

7.30  !  7.40 

27 

7.30 
7.30 

7.50 
7.50 

28 

7.  ;J0  *  7. 40 
7.  30  1  7. 40 

30 

: 

8.30 

10.00 

9.50 

7. 30     7.  30 

7.80 

7.70 

Chama  Itiver  at  Ahiquiu,  Netv  Mexico. 


Day. 

Jan. 

1 

1.90 

2 

1.80 

3 

1.80 

4 

1.85 

5 

1  75 

S 

1  70 

7 

1  75 

8 

1.70 

9 

1  65 

10 

1  55 

11 

1  70 

12 

1  75 

13 

1  80 

14 

1  75 

15 

1.70 
1.80 
1.75 
1  75 

If 

17 

18 

19 

1.65 
1.45 
1  70 

20 "  ■ 

21 ■ 

22 

1  35 

23 

1  65 

24 " 

1.70 
1  55 

25 

» .""'■ 

1.55 
1.55 
1  65 

27 '■ 

28 

29 

1.35 

.90 

1  10 

» 

31 

Feb. '  Mar. 


1.06 
.95 
1.15 
1.20 
1.15 
1.00 
1.10 
1.55 
1.65 
1.20 
1.10 
1.30 
1.45 
1.65 
1.10 
.05 
.95 
1.00 
1.45 
1.40 
1.20 
1.10 
1.50 
1.75 
1.55 
1.35 
1.60 
2.05 
2.15 


1.60 
1.75 
1.90 
1.70 
1.95 
1.50 
1.50 
1.55 
1.30 
1.30 
1.35 
1.35 
1.45 
1.65 
1.50 
1.70 
2.55 
2.25 
1.85 
1.03 
1.70 


Apr.  May.  June. July. 


I 


1.90 
2.46 
1.80 
1.95 
2.96 
2.85 
3.25 
4.13 
3.60 
2.85 
2.70 
2.80 
2.35 
3.65 
3.05 
3.35 
3.30 
3.40 
2.55 
3.40 
a.  85 
4.10 
3.85 
2.95 
3.70 
3.85 
3.85 
3.55 
8.35 
3.25 


3.05 
3.35 
2.85 
2.65 
2.65 
2.50 
2.90 
2.85 
2.75 
2.75 
2.65 
2.50 
2.45 
2.56 
2.35 
2.15 
2.56 
2.26 
2.35 
2.15 
1.P5 
1.85 
2.  05 
2.15 


2. 
2. 
1. 
1. 
2. 
1. 


10 
15 
55 
85 
10 
85 


1.55 


1.90 
1.90 
1.85 
1.05 
1.10 
1.05 
1.45 
1.35 
1.45 
1.76 
1.45 
1.55 
1.35 
1.30 
1.60 
1.45 
1.35 
1.30 
1.40 
1.10 
1.10 
1.10 
1.25 

i.no 

1.40 


25 

60 


1.70 


65 
70 


1.70 
1.60 
1.50 
1.50 
1.35 
1.30 
1.30 
1.35 
1.80 
1.50 
1.55 
1.45 
1.45 
3.75 
2.75 
3.15 
3.65 
3.00 
3.25 
3  35 
2.85 
3.60 
2.70 
3.50 
2.05 
2.85 
2.75 
2.75 
2.95 
2.85 
2.75 


Aug. 
2.25 

Sept. 

2.45 

2.10 

2.85 

2.05 

2.75 

1.95 

2.85 

1.80 

2.75 

1.70 

2.20 

1.65 

2.65 

1.50 

8.35 

1.60 

3.40 

1.15 

4.40 

1.65 

4.40 

1.60 

3.65 

1.50 

3.45 

1.50     2.90 

1.46     2.75 

1.50 

2.55 

1.55 
1.45 
1.50 
1.35 
1.45 
1.50 
1.85 
1.85 
1.80 
1.90 
1.35 
1.35 
1.45 
1.45 
1.15 


3.15 
3.15 
8.45 

3.  05 
2.80 


2. 
2. 


2. 
2. 


60 

55 

2.55 

2.50 

30 

25 

1  2.35 

2.30 

I  2.20 


Oct.     Nov.  i    Dec. 


2.25 
2.35 
2.25 
2.85 
2.70 
2.85 
3.30 
3.40 
3.15 
2.00 
2.80 
2.75 
2.65 
2.70 
2.75 
2.70 
2.65 
2.60 
2.75 
2.70 
2.75 
2.65 
2.75 
2.85 
2.  85 
2.85 
2.85 
2.55 
2.65 
2.75 
2.60 


2. 
2. 
2. 
2. 
2. 


25 
45 
25 
25 
40 
2.30 
2.25 
2.30 
2.25 
2.05 
3.10 
2.25 
2.15 
2.30 
2.25 
2.15 
2.25 
2.25 
2.10 
2.15 
2.25 
2.10 
2.10 
2.00 
2.36 
2.35 
2.30 
2.35 
2.16 
2.20 


2.15 
1.90 
2.06 
2.20 
2.10 
2.00 
1.90 
2.06 
2.00 
2.00 
1.96 
2.10 
1.90 
2.06 
2.05 
2.10 
1.96 
2.00 
1.95 
2.05 
2.15 
2.15 
2.05 
1.05 
1.85 
2.00 


IBE  11- 


( 
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RIVER   HEIGHTS   FOR   1896. 


[iro.  IL 


Rio  Grande  at  Rio  CrrandCj  Nexo  Mexico. 


Day. 

Jan. 

Feb. 

Mar. 

Apr. 

May. 

June. 

July. 

4.20 
4.30 
4.25 
4.25 
4.20 
4.25 
4.10 
4.10 
4.08 
4.03 
4.00 
4.00 
4.60 
5.10 
4.30 
4.65 
4.85 
4.70 
5.40 
4.75 
5.00 
5.40 
5.15 
4.05 
4.65 
4.65 
4.50 
4.26 
4.20 
4.30 
4.25 

Aug.  Sept. 

Oct. 

Nov. 

Dec. 

1 

2 

6.00 
4.90 
5.05 
6.16 

6.65 
6.50 
6.45 
6.45 
6.40 
6.55 
6.85 

8.25 
7.95 
7.85 
7.90 
8.10 
8.15 
8.35 
8.50 
8.35 
7.76 
7.45 
7.26 
7.10 
7.00 
6.90 
6.55 
6.46 
6.80 
6.00 
6.96 
5.85 
5.80 
5.80 
6.85 
6.00 
6.26 
6.35 
6.40 
6.35 
6.46 
6.30 

6.30 
6.25 
6.10 
5.90 
5.65 
6.40 
6.30 
6.20 
6.00 
4.85 
4.70 
4.55 
4.50 
4.50 
4.48 
4.30 
4.25 
4.20 
4.20 
4.15 
4.10 
4.10 
4.05 
4.00 
4.00 
4.25 
4.10 
4.10 
4.16 
4.20 

4.*io" 

4.10 
4.00 
4.00 
3.98 
3.90 
8.90 
8.90 
3.90 
3.88 
3.83 
3.85 
3.80 
3.80 
3.80 
3.80 
3.80 
3.80 
3.80 
3.80 
3.73 
3.70 
4.33 
3.95 
3.00 
4.00 
4.00 
4.00 
4.00 
4.13 

4.25 
4.20 
4.15 
4.10 
4.10 
4.18 
4.20 
4.06 
4.00 
4.35 
4.66 
4.05 
4.40 
4.40 
4.30 
4.20 
4.20 
4.80 
4.30 
4.46 
4.60 
4.40 
4.40 
4.45 
4.35 
4.25 
4.20 
4.30 
6.36 
6.10 

4.85 
4.80 
4.75 
4.70 
4.65 
4.60 
4.63 
4.06 
4.86 
5.00 
4.80 
4.70 
4.80 
4.90 
5.00 
4.08 
4.75 
4.65 
4.75 
4.70 
4.70 
4.76 
6.15 
5.00 
5.00 
4.90 
4.90 
5.05 
4.90 
4.80 
4.80 

4.80 

4.80 

4.80 

4.75 

4.70 

4.70 

4.58 

4.58 

4.65 

4w70 

4.70 

5.00 

6.10 

5.10 

6.10 

5.10 

6.10 

5.10 

6.10. 

5.10 

6.10 

5.10 

5.10 

5.10 

6.16 

6.18 

4.95 

4.85 

4.30 

4.36 

4.40 
4.70 
4.00 
4.90 
4.80 
4.90 
4.05 
6.00 
5.05 
6.05 
5.05 
5.00 
6.05 
5.10 
4.96 
6.00 
5.10 
5.00 
4.85 
4.76 
4.80 
4.80 
4.8(» 
4.76 
4.70 
4.56 

3 

4 

5 

5.50 
5.35 
5.30 
5.25 

6 

7 

8 

' 

5.40 

7-02 

9 

5. 40     7. 50 
5. 45     7. 60 
6.55     7.80 
5.55  ,  7.87 
6.70  >  7.80 

10 

11 ^.. 

12 

13 

14 

5.80 
5.85 
5.70 
6.76 
6.66 
5.60 
5.52 
5.80 
5.80 
6.96 
6.25 
6.40 
6.65 
6.95 
7.20 
7.25 
7.15 
6.90 

7.65 
7.80 
7.80 
7.95 
7.90 
7.75 
7.50 
7.45 
7.60 
7.70 
7.60 
7.86 
7.95 
8.15 
8.36 
8.40 
8.45 

15 

16 

17 

6.20 
6.20 
6.20 
6.20 
5.20 
6.20. 

18 

19 

20 

21 

22 

23 

24 

25 

26 

27 

•"••*? 

28 

29 

30. ..i 

31 

Rio  Grande  at  San  Marcial,  New  Mexico, 


Day. 


2. 
3. 
4. 

6. 

6. 

7. 

8. 

0. 
10. 
11. 
12. 
18. 
14. 
15. 
16. 
17. 
18. 
10. 
20. 
21. 
22. 
28. 
24. 
25. 
26. 
27. 
28 
20. 
30. 
31. 


Jan. 


Feb.    Mar. 


7.50 
7.45 
7.40 
7.40 
7.50 
7.60 
7.45 
7.40 
7.30 
7.40 


7.46 
7.66 
7.50 
7.40 
7.40 
7.40 
7.35 
7.30 
7.30 
7.30 
7.30 
7.30 
7.30 
7.30 
7.50 
7.40 
7.40 
7.40 
7.40 
7.40 
7.45 
7.50 
7.40 
7.40 
7.40 
7.40 
7.30 
7.30 
7.30 


7.20 
7.20 
7.20 
7.20 
7.20 
7.20 
7.20 
7.00 
7.00 
7.10 
7.10 
7.10 
7.00 
7.00 
7.20 
7.20 
7.40 
7.40 
7.40 
7.58 
7.60 
7.40 
7.40 
7.50 
7.50 
7.50 
7.60 
7.70 
7.90 
7.90 
8.20 


Apr.  Hay. 


8.60 
8.45 
8.30 
8.10 
7.90 
7.90 
8.00 
8.00 
8.10 
8.20 
8.30 
8.40 
8.70 
8.90 
8.90 
8.60 
8.50 
8.60 
8.65 
8.40 
8.40 
8.40 
8.40 
8.40 
8.45 
9.00 
9.00 
9.00 
9.00 
9.00 


0.00 
0.00 
8.50 
8.60 
8.50 
8.50 
8.50 
8.50 
8.70 
8.70 
8.70 
8.70 
8.50 
8.50 
8.30 
8.20 
8.00 
7.50 
7.50 
7.50 
7.50 
7.20 
7.00 
7.00 
7.00 
7.00 
7.00 
7.00 
7.00 
6.05 
7.10 


June.  I  July. 


7.30 

7.30 

7.60 

7.40 

7.40 

7.50 

7.00 

7.00 

7.00 

6.66 

6.40 

6.20 

a6.00 

a  6. 00 

a6.00 

a  6. 00 

a6.00 

a6.00 

a6.00 

a5.00 

a5.60 

a5.60 

a5.60 

a5.60 

a5.60 

a5.60 

a5.60 

a5.60 

a5.60 

a5.60 


a6.60 

a5.60 

05.60 

a5.60 

7.00 

7.00 

66.60 

66.00 

66.00 

66.00 

66.00 

66.00 

66.00 

66.00 

66.00 

66.00 

66.00 

66.55 

6.70 

7.50 

0.00 

8.25 

7.60 

7.00 

7.00 

6.50 

6.00 

8.00 

8.00 

7.60 

7.00 


Aug.    Sept. 


6.00 
6.00 
6.00 
6.00 
6.00 
7.00 
6.66 
5.85 
(6) 
(6) 
(ft) 
(6) 
(ft) 
(ft) 
(ft) 
66.60 
65.50 
65.50 
65.50 
6  6.50 
6  5.60 
65.50 
65.50 
65.50 
65.50 
7.50 
7.50 
7.50 
7.45 
6.00 
65.50 


65.60 

66.50 

66.60 

66.50 

65.50 

65.50 

65.50 

6  5.60 

66.50 

66.50 

65.60 

65.50 

66.25 

6.06 

6.75 

65.50 

65.50 

6  5.50 

6  5.60 

7.50 

7.05 

7.60 

7.00 

7.00 

6,75 

66.50 

66.50 

66.50 

66.50 

66.50 


Oct. 


66.60 

66.60 

66.60 

66.50 

65.60 

65.50 

66.60 

65.50 

65.50 

65.50 

66.50 

165.50 

:    6.05 

;    0.45 

I  11.00 

I    8.50 

!    7.00 

!     7.00 

I    7.00 

7.25 

6.00 

6.00 

6.00 

6.05 

6.80 

6.80 

6.80 

6.80 

6.80 

6.80 

6.80 


Not. 

Dec. 

6.80 

7.20 

0.65 

7.20 

6.60 

7.20 

0.50 

7.20 

0.60 

7.20 

6.60 

7.20 

6.60 

7.20 

6.00 

7.20 

6.00 

7.20 

6.90 

7.20 

0.90 

7.30 

6.00 

7.30 

6.90 

7.30 

6.90 

7.50 

7.00 

7.50 

7.00 

7.60 

7.00 

7.25 

7.00 

7.25 

7.00 

7.40 

7.00 

7.35 

7.00 

7.30 

7.00 

7.30 

7.10 

7.30 

7.10 

7.50 

7.10 

7.50 

7.10 

7.43 

7.10 

7.10 

' 

7.22 

7.20 

a  No  water  running. 


6  Dry. 
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Bio  Grande  at  El  Paso,  Texas, 


Day. 

Jan. 

Feb. 

Mar. 

Apr. 

May. 

June. 

July. 

1 

2 

3 

5.85 
6.06 
5.95 
6.00 
5.95 
6.10 
6.20 
6.30 
6.30 
6.26 
6.15 
6.40 
6.40 
7.35 
7.40 
7.40 
7.60 
7.40 
7.45 
7.50 
7.45 
7.80 
7.30 
7.25 
7.35 
7.25 
7.80 
7.20 
7.20 
7.10 
7.85 

7.30 
7.30 
7.80 
7.30 
7.80 
7.30 
7.35 
7.50 
7.45 
7.35 
7.25 
7.20 
7.10 
7.10 
7.05 
7.20 
7.10 
7.00 
6.90 
6.95 
7.15 
7.25 
7.20 
7.05 
7.00 
7.00 
7.00 
6.80 
6.70 

6.60 
6.70 
6.85 
6.90 
6.80 
6.70 
6.70 
6.70 
6.75 
7.70 
7.35 
7.80 
7.10 
7.00 
6.80 
6.50 
6.40 
6.30 
6.20 
6.10 
6.10 
6.10 
6.05 
6.35 
6.76 
6.65 
6.35 
6.20 
6.10 
6.00 
5.90 

6.00 
7.20 
8.55 
8.60 
8.45 

8.65 
8.80 
8.80 
8.80 
8.fn 

5.40 
5.36 
5.35 
5.30 
5.30 
5.25 
5.20 
5.25 
5.15 
5.15 
5.15 
4.95 
5.05 
5.10 
5.00 
4.80 
4.45 
4.30 
4.10 
3.80 

'.'66' 
.00 
.00 

5.10 
5.80 
5.25 

4 

5.15 

5 

5.10 

8 

8. 35     8. 80 
8. 15     8  AO 

5.10 

7 

4.90 

g 

7.90 
7.70 

8.70 

.00 

•....V....... 

.00 

10 

7. 55     8. 50 
7. 45     R.  AS 

.00 

11 

.00 

u 

7.30 
7.50 
8.06 
8.95 
8.90 
8.65 
8.50 
8.45 
8.45 
8.65 
8.90 
8.80 
8.60 
8.40 
8.50 
8.45 
8.50 
8.55 
8.66 



8.75 
8.85 
8.75 
8.65 
8.55 
8.35 
8.10 
8.00 
7.85 
7.66 
7.30 
7.15 
7.00 
6.85 
6.65 
6.45 
6.15 
5.95 
5.70 
5.45 

.00 

13 

.00 

14 

.00 

15 

.00 

16 

.00 

5.15 

18 

8.88 

7.85 

ao 

7.25 

7.10 

22 

7.90 
7.70 

24 

9.60 

8.70 

26 

8.20 

27 

7.55 

28 

7.10 
7.20 



7.10 
7.00 

Aug. 

Sept. 

6.70 

0.00 

6.55 

5.70 

6.40 

5.25 

6.30 

5.25 

6.05 

5. 05 

5.35 

4. 80 

5.55 

.00 

5.45 

.00 

5.35 

.00 

5.35 

.00 

5.25 

.00 

5.25 

.00 

5.20 

.00 

5.20 

.00 

5.00 

.00 

4.90 

.00 

4.75 

.00 

4.60 

.00 

4.60 

.00 

4.40 

.00 

4.30 

.00 

4.60 

.00 

4.40 

5.50 

.00 

5.70 

.00 

7.35 

.00 

6.80 

.00 

6.20 

.00 

6.05 

.00 

6.00 

.00 

5.75 

.00 

5.55 
7.05 
7.60 
7.50 
8.00 
7.45 
7.50 
7.30 
7.05 
7.40 
7.20 
7.00 
6.90 
7.00 
8.65 
10.15 
10.60 
10.55 
8.75 
8.15 
7.75 
7.65 
7.85 
7.30 
7.75 
8.10 
8.00 
8.20 
7.70 
7.45 
7.25 


Nov. 


7.25 
7.15 
6.00 
6.80 
6.70 
6.65 
6.60 
6.60 
6.50 
6.40 
6.35 
6.30 
6.20 
6.10 
6.10 
6.10 
6.10 
6.10 
6.10 
6.10 
6.10 
6.10 
6.10 
6.10 
6.80 
6.30 
6.40 
6.60 
6.55 
6.50 


Dec. 


6.55 
6.60 
6.60 
6.60 
6.50 
6.50 
6.50 
6.60 
6.55 
6.55 
6.50 
6.40 
6.35 
6.40 
6.50 
6.40 
6.40 
6.35 
6.50 
6.70 
6.70 
6.70 
6.70 
6.70 
6.66 
6.70 


Grand  Miver  at  Grand  Junction,  Colorado, 


Day. 

Apr. 

Hay. 

June. 

July. 

Aug. 

Sept. 

Oct. 



4.10 
4.00 
8.05 
3.85 
3.80 
3.80 
3.80 
3.70 
3.70 
3.70 
3.70 
3.70 
3.70 
3.70 
3.65 
3.60 
3.60 
3.55 
3.50 
3.50 
3.50 
3.50 
3.50 
3.50 
3.50 
3.50 
3.40 
3.50 
3.50 
3.50 
3.50 

Nov. 

Dec. 

1 

2.70 
2.66 
2.66 
8.20 
8.80 
8.90 
4.00 
4.80 
8.90 
3.80 
3.70 
3.55 
8.20 
2.90 
2.60 
2.30 
1.90 
1.90 
1.85 
1.85 
1.90 
1.90 
2.35 
3.25 
3.70 
3.90 
4.05 
4.45 
4.30 
4.55 
4.40 

4.66 
4.10 
3.65 
8.45 
21.30 
8.30 
3.25 
3.15 
2.90 
2.75 
3.06 
2.96 
2.80 
2.45 
2.35 
2.20 
2.15 
2.06 
2.00 
2.00 
1.85 
1.80 
1.75 
1.65 
1.55 
1.50 
1.50 
1.40 
1.80 
1.30 

1.20 

1.20 

1.10 

1.10 

1.06 

1.00 

1.06 

1.00 

.90 

.85 

.80 

.80 

.80 

.85 

.90 

.85 

.85 

1.00 

1.25 

1.25 

1.10 

1.00 

.85 

.80 

1.00 

1.40 

1.45 

1.55 

1.55 

1.35 

1.15 

1.06 

.96 

.85 

.85 

.70 

.70 

.65 

.65 

.45 

.40 

.25 

.15 

.05 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

1.63 

.40 

a  3. 45 

3.55 

3.90 

3.75 

3.55 

3.35 

3.30 

3.30 

8.30 

3.36 
8.40 
8.50 
3.40 
3.80 
3.25 
3.15 
3.30 
8.60 
4.&'> 
4.30 
4.40 
4.35 
4.15 
3.95 
3.70 
3.60 
3.60 
8.90 
3.80 
3.75 
3.80 
7.20 
5.70 
4.55 
4.45 
4.40 
4.30 
4.30 
4.10 

3.50 
3.50 
3.50 
3.40 
8.30 
3.20 
8.20 
3.10 
3.00 
3.20 
3.80 
3.30 
3.30 
3.20 
3.30 
3.40 
8.40 
3.25 
3.10 
8.25 
3.40 
3.40 
3.40 
3.40 
3.40 
3.40 
3.30 
3.10 
2.70 
2.50 

"*3.'66'* 

"s.'so" 

"*3.i6"* 
"8.66* 

"*3.i6* 

3.10 

]... 

2.90 

"i'.'m 
'  3."  66' 

2 

a 

4 

5 

• 

7 

8 

8 

10 

11 

12 

1.10 
1.20 
1.10 
1.30 
1.45 
1.50 
1.50 
1.20 
1.15 
1.10 
1.10 
1.60 
1.90 
2.60 
2.70 
8.30 
3.70 
3.15 
2.90 

12 

14 

15 

18 

17 ""../. 

18 

18 

» 

21 *.*.!.. .. 

22 ■"■   

21 '["[' 

24.... 

a.... .. 

».... . 

a... 

30...    

31.... 

a  New  rod  placed  in  position  reading  3  feet  higher. 
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[no.  11. 


Dolwres  River  at  Dolores,  Colorado. 


1 
2 
3 

4 
6 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
80 
31 


Mar. 

Apr. 

3.20 

2.65 

3.10 

2.35 

3.00 

3.20 

2.90 

8.26 

2.80 

3.40 

2.76 

3.45 

2.60 

3.70 

2.50 

3.75 

2.55 

3.80 

2.60 

3.50 

2.65 

3.50 

2.65 

3.46 

2.70 

3.45 

2.70 

3.35 

2.75 

8.60 

2.70 

3.55 

2.75 

3.65 

2.60 

3.30 

2.60 

3.45 

2.70 

8.45 

2.70 

3.40 

2.85 

8.95 

2.90 

4.05 

3.10 

4.25 

3.40 

4.35 

3.45 

4.50 

3.25 

4.40 

8.20 

4.30 

3.10 

3.96 

3.05 

8.90 

8.05 

4.05 
4.30 
4.40 
4.35 
4.05 
4.30 
4.00 
4.05 
4.10 
4.10 
3.60 
3.80 
3.65 
3.40 
3.20 
3.15 
3.25 
3.30 
3.25 
3.75 
3.80 
3.90 
4.00 
4.10 
4.20 
4.25 
4.15 
4.30 
4.25 
4.10 
3.90 


3.75 
3.60 
3.45 
3.40 
3.30 
3.20 
3.20 
3.20 
3.10 
3.10 
3.10 
3.00 
3.00 
2.95 
2.90 
2.90 
2.90 
3.00 
2.90 
2.90 
2.80 
2.80 
2.80 
2.70 
2.70 
2.60 
2.60 
2.66 
2.70 
2.70 


July. 

Aug. 

Sept. 

2.70 

2.50 

2.70 

2.65 

2.40 

2.70 

2.60 

2.40 

2.60 

2.60 

2.50 

2.60 

2.70 

2.60 

2.60 

2.75 

2.50 

2.60 

2.86 

2.60 

2.50 

2.90 

2.40 

2.70 

3.00 

2.40 

2.70 

3.00 

2.35 

2.80 

3.15 

2.30 

3.10 

3.00 

2.30 

2.90 

2.95 

2.30 

2.75 

3.00 

2.30 

2.75 

3.10 

2.25 

2.76 

3.50 

2.20 

2.70 

3.06 

2.35 

2.70 

3.00 

2.45 

2.70 

3.05 

2.55 

2.70 

3.00 

2.66 

2.80 

2.86 

2.60 

2.80 

2.80 

2.60 

2.65 

2.86 

2.60 

4.17 

2.80 

2.60 

4.05 

2.75 

2.63 

4.40 

2.70 

2.60 

3.20 

2.66 

2.50 

3.10 

2.60 

2.85 

3.10 

2.60 

3.00 

3.10 

2.60 

2.85 

3.00 

2.60 

2.80 

Oct. 


3.00 
3.00 
3.00 
2.00 
2.90 
2.00 
2.85 
2.80 
2.80 
2.80 
2.80 
2.80 
2.85 
2.90 
2.90 
2.80 
2.80 
2.80 
2.80 
2.80 
2.80 
2.85 
2.80 
2.80 
2.80 
2.80 
2.80 
2.90 
2.80 
2.80 
2.80 


Nov. 


2.80 
2.80 
2.96 
2.95 
3.20 
3.40 
3.70 
3.35 
2.90 
2.90 
2.90 
3.00 
3.00 
2.90 
2.76 
2.76 
2.65 
2.66 
2.80 
2.76 
2.76 
2.70 
2.70 
2.70 
2.80 
3.20 
3.20 
8.20 
3.20 
3.20 


Fall  Creek  at  Seymour^  Colorado, 


Day. 

Apr. 

May. 

4.00 
4.00 
3.06 
3.90 
3.95 
4.05 
4.05 
4.15 
4.20 
4.05 
4.00 
3.80 
3.80 
3.70 
3.70 
3.75 
3.76 
3.60 
3.55 
3.55 
8.80 
3.95 
4.35 
4.36 
4.60 
4.90 
4.95 
4.86 
4.76 
4.70 
4.40 

June. 

July. 

Aug. 

Sept. 

Oct. 

Nov. 

1 

4.20 
4.16 
4.15 
4.15 
4.15 
4.05 
4.00 
4.10 
4.10 
3.96 
8.85 
3.80 
3.85 
3.00 
3.40 
3.40 
3.45 
3.40 
3.35 
3.30 
3.10 
3.10 
3.05 
3.00 
3.00 
3.00 
3.00 
8.00 
3.00 
3.00 

3.00 
3.00 
2.05 
2.90 
2.90 
2.90 
2.90 
2.90 
3.20 
3.60 
3.56 
3.60 
3.45 
3.20 
3.00 
3.00 
3.20 
3.80 
3.30 
3.15 
3.00 
2.90 
2.90 
2.90 
2.85 
2.80 
2.80 
2.80 
2.80 
2.80 
2.80 

2.70 
2.60 
2.60 
2.60 
2.60 
2.60 
2.60 
2.60 
2.00 
2.60 
2.60 
2.60 
2.60 
2.60 
2.60 
2.60 
2.60 
2.60 
2.60 
2.60 
2.60 
2.60 
2.65 
2.55 
2.55 
2.60 
2.65 
2.90 
2.85 
2.75 
2.70 

2.65 
2.60 
2.60 
2.65 
2.60 
2.60 
2.60 
2.60 
2.60 
2.95 
3.00 
2.90 
2.80 
2.80 
2.70 
2.70 
2.70 
2.70 
2.75 
2.85 
2.80 
2.80 
4.45 
4.05 
4.75 
3.60 
3.35 
3.26 
3.10 
3.10 

8.00 
3.00 
2.96 
2.90 
2.85 
2.80 
2.80 
2.80 
2.80 
2.75 
2.70 
2.70 
2.70 
2.70 
2.70 
2.70 
2.70 
2.70 
2.60 
2.tX) 
2.60 
2.65 
2.65 
2.60 
2.60 
2.60 
2.60 
2.60 
2.60 
2.85 
2.60 

2.00 

2 

2.60 

3 

2.56 

4 

2.65 

6 

2.56 

6 

2.66 

7 

2.26 

8 

2.40 
2.00 
2.50 
2.50 
2.50 
2.55 
2.45 
2.65 
2.55 
2.45 
2.50 
2.60 
2.45 
2.50 
2.60 
2.60 
2.60 
2.60 
2.66 
2.30 
2.00 
2.90 
3.05 

9 

10 

11 

12 

3.10 
3.15 
3.16 
3.06 
3.10 
3.05 
3.05 
3.05 
3.10 
3.15 
3.30 
3.55 
3.80 
4.00 
4.05 
4.00 
4.00 
3.90 
3.86 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

26 

27 

28 

29 

30 

31 

' 
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Uneompahgre  River  at  Unoompahgre,  Colorado. 


D«y. 

May. 

June. 

July. 

Aug. 

Sept. 

Oct. 

Nov. 

1    1 

4.00 
4.00 
3.90 
4.10 
4.20 
4.40 
4.50 
4.40 
4.30 
4.45 
4.05 
4.05 
8.95 
8.60 
3.50 
3.85 
3.85 
8.85 
4.80 
4.40 
5.06 
5.15 
5.15 
6.25 
5.00 
5.05 
5.45 
5  06 
4.90 
4.60 
4.60 

5.00 
4.80 
4.20 
4.40 
4.30 
4.25 
4.25 
4.45 
4.40 
4.30 
4.10 
4.15 
4.10 
4.15 
4.00 
3.85 
3.85 
3.90 
8.75 
3.80 
3.75 
3.70 
3.50 
3.75 
3.75 
3.60 
3.50 
3.60 
3.50 
3.45 

3.40 
3.20 
8.20 
3.20 
3.20 
3.20 
3.20 
8.50 
3.85 
8.20 
3.20 
3.85 
3.35 
3.45 
3.50 
3.30 
8.35 
.3.35 
3.35 
3.45 
3.46 
3.80 
3.20 
3.00 
3.05 
3.05 
3.00 
3.00 
8.00 
3.00 
3.00 

3.00 
2.85 
2.80 
2.80 
2.90 
2.90 
2.90 
2.90 
2.85 
2.75 
2.75 
2.70 
2.70 
2.70 
2.70 
2.70 
2.70 
2.70 
2.70 
2.80 
2.75 
2.86 
3.05 
8.06 
3.08 
3.08 
8.00 
3.08 
3.15 
3.10 
3.18 

3.08 
3.10 
8.18 
3.10 
3.10 
3.10 
3.05 
3.00 
3.13 
3.13 
3.48 
3.35 
3.23 
3.20 
8.23 
3.18 
3.10 
8.16 
8.18 
8.23 
8.25 
3.40 
8.90 
8.08 
8.65 
3.58 
3.48 
3.45 
8.43 
8.40 

3.35 
3.43 
3.35 
3.30 
3.2* 
3.20 
3.23 
3.25 
3.23 
8.23 
8.23 
3.23 
8.18 
8.18 
3.18 
3.13 
3.10 
8.10 
8.13 
3.08 
3.10 
3.08 
8.08 
3.05 
3.03 
3.03 
3.08 
3.10 
3.10 
3.18 
3.18 

3.18 
3.18 
8.13 
3.03 
8.03 
3.03 
3.00 
3. 13 

1    1 

3 

4 

1    5 

6 

7.  ................................. 

8 

9.:.:::::::::::::::: :::.:: 

3.13 

10 

3.10 
3.03 
3.00 
3.08 
3.08 
3.18 
3.08 
8.18 
3.30 
3.20 
3.15 
3.15 
3.20 
3.20 
3.13 
8.13 
3.10 
3.10 
3.00 
3.00 
8.00 

11 

« 

IS 

u 

15.:::..:::;::;::  :::.:...:...::::.. 

16 

Ig 

» 

21...:::::::;;::;:;::..: :.... 

22 

21 

24 

26 

28 ::.!..: 

JO 

BIooVb  Fork  River  at  Orangery   Wyoming, 


D.y. 

Apr. 

Hay. 

June. 

Jnly. 

Aug. 

Sept. 

Oct. 

Nov. 

Dec. 

1 

3.20 
8.50 

10.80 
9.40 
8.00 
7.70 
7.60 
7.80 

'"'6.'36* 
6.70 
7.10 
7.40 
7.10 
6.50 

""6:56' 
6.00 
6.80 
5.50 
5.30 
5.20 
4.90 
4.60 
4.40 
4.20 
4.00 
8.80 
8.60 

"'"3.' 56' 
3.40 

3.20 
3.10 
3.00 
2.90 
2.80 
2.70 
2.60 
2.60 
2.60 
2.50 
2.40 

'*2.*46' 
2.70 
3.30 
3.10 
2.90 
3.30 

*3.'66' 
2.80 
2.60 
3.70 
2.90 
2.90 

'"2.86' 
2.80 
2.70 
2.60 
2.40 

2.40 
2.40 
2.40 
2.40 
2.30 
2.30 
2.20 
2.00 

'"i.'io" 

1.70 
1.70 
1.60 
1.50 
1.50 

'3:36" 
4.90 
5  20 
4.1U 
5.25 
4.40 

"i'.w 

2.50 
2.20 
2.10 
2.00 
1.90 
2.40 
2.10 

2.00 
2.60 
3.00 
2.20 
1.90 

"Tm' 

1.70 
1.70 
1.70 
1.70 
1.70 

"1.66' 
1.60 
1.60 
1.60 
1.60 
1.50 

1.80 
1.80 
1.80 

2 

3 

4 

8.40 
8.40 
4.00 
5.10 
5.00 
5.30 

S 

1.70 
1.70 
1.70 
1.70 
1.70 
1.60 

2.90 

6 

7 

1.92 

8 

0 

10 

11 : 

4.90 
4.70 
4.30 
3.80 
3.60 
8.50 

12 

1.70 
1.70 
1.70 
1.70 

2.90 

13 

14 :. 

1.90 

15 .. 

M....     

2.40 
2.60 
2.80 
2.90 
2.90 
2.90 

*2.'96** 

17 : 

w 

3.00 
2.60 
2.90 
3.30 
3.30 
8.40 
3.20 
3.20 

3.30 
3.30 
3.30 
3.30 
3.60 
4.00 
4.60 
6.00 
6.60 
7.00 
7.70 
8.00 
8.40 

10 

ao 

21 

22 

1.60 
1.90 
1.90 
1.90 
2.00 
3.90 

23...      

24.... 

"'i'M' 

2.90 
2.90 
2.90 
2.90 
2.80 
2.70 

........ 

'2.*  96" 

25..     

».. 

;  ?7....:: ::: 

3.40 
3.50 
3.50 
3.20 

28....      

20... 

2.00 
1.90 
1.80 

»...     

21 

i.97 

i _ 

1 
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Green  River  at  Green  Biver,  Wyoming, 


Day. 

Apr. 

May. 

June. 

July. 

Aug. 

Sept. 

Oct. 

Dec. 

1 

1.90 
1.85 
1.87 
1.90 
1.95 
1.90 
2.00 
2.15 
2.22 
2.25 
2.20 
2.15 
2.15 
2.10 
2.05 
2.05 
'  2.06 
2.00 
2.00 
1.95 
1.90 
1.95 
2.02 
2.80 
2.65 
2.85 
2.90 
2.97 
3.37 
8.87 
4w27 

4.77 
4.97 
4.85 
5.15 
5.45 
5.35 
5.25 
5.02 
4.80 
4.90 
5.35 
5.75 
5.92 
5.82 
5.87 
5.97 
5.97 
6.05 
6.05 
6.18 
6.20 
6.00 
6.70 
5.45 
5.10 
4.93 
4.73 
4.55 
4.48 
4.23 

4.0C 
3.98 
3.88 
3.80 
3.78 
3.70 
3.63 
3.60 
3.55 
3.50 
3.45 
3.40 
3.85 
3.35 
3.45 
3.70 
3.70 
3.55 
3.50 
3.43 
3.33 
3.25 
3.08 
2.08 
2.90 
2.88 
2.80 
2.78 
2.66 
2.60 
2.53 

2.58 
2.53 
2.43 
2.40 
2.35 
2.28 
2.20 
2.13 
2.08 
2.03 
1.98 
1.90 
1.85 
1.78 
1.73 
1.70 
1.70 
2.00 
1.83 
1.90 
2.08 
2.10 
2.15 
2.08 
1.93 
1.88 
1.78 
1.68 
1.58 
1.57 
1.60 

1.62 
1.C5 
1.60 
1.60 
1.55 
1.55 
1.50 
1.50 
1.50 
1.50 
1.50 
1.50 
1.50 
1.45 
1.45 
1.40 
1.35 
1.35 
1.27 
1.25 
1.25 
1.30 
1.25 
1.20 
1.20 
1.20 
1.20 
1.25 
1.30 
L80 

1.30 
1.80 
1.25 
1.25 
1.25 
1.20 
1.20 
1.20 
1.15 
1.15 
1.15 
1.15 
1.15 
1.10 
LIO 

1.60 
1.60 
1.60 
1.65 
1.65 
1.65 
1.65 
1.70 
1.70 
1.70 
1.70 
1.70 
1.70 
1.70 
1.70 
1.70 
1.70 
1.70 
1.70 
1.70 
1.80 
1.80 
1.80 
1.80 
1.80 
1.80 
1.80 

2 

3 

4 

5 

6 

7 

8 

y 

1.60 
1.55 
1.60 
1.55 
1.50 
1.57 
1.67 
1.70 
1.70 
1.62 
1.55 
1.52 
1.57 
1.57 
1.55 
1.50 
1.50 
1.57 
1.67 
1.85 
1.92 
1.90 

10 

11 

12 

13 

14 

15 

16 

18 

20 

22 

24 

26 

28 

80 

Green  Biver  at  Blake,  Utah, 


Day. 

Jan. 

Feb. 

Mar. 

Apr. 

Kay. 

June. 

July. 

Aug. 

Sept. 

Oct. 

8.10 
3.20 
3.05 
8.00 
3.00 
2.90 
2.85 
2.70 
2.70 
2.70 
2.70 
2.60 
2.60 
2.60 
2.60 
2.00 
2.60 
2  55 
2.50 
2.50 
2.50 
2.50 
2.50 
2.45 
2.40 
2.40 
2.40 
2.55 
2.40 
2.55 
2.65 

Not. 

Dec. 

1 

1.55 
1.65 
1.75 
1.85 
1.70 
1.70 
1.60 
1.66 
1.70 
1.60 
1.65 
1.70 
1.60 
1.50 
1.45 
1.55 
1.66 
1.75 
1.60 
1.65 
1.70 
1.75 
1.75 
1.70 
1.00 
1.60 
1.60 
1.70 
1.70 
1.80 
1.80 

1.80 
1.70 
1.70 
1.70 
1.60 
1.70 
1.75 
1.70 
1.70 
1.80 
1.70 
1.60 
1.60 
1.50 
1.50 
1.60 
1.70 
1.70 
1.80 
1.80 
1.90 
1.90 
1.90 
1.80 
1.80 
1.70 
1.75 
1.80 
1.80 

1.80 
1.80 
1.90 
2.00 
1.96 
2.00 
2.00 
2.00 
2.05 
2.10 
2.10 
2.10 
2.10 
2.20 
2.30 
2.35 
2.40 
2.55 
2.85 
3.15 
3.10 
2.75 
2.70 
2.80 
2.85 
3.05 
3.25 
3.40 
3.55 
3.70 
3.60 
1 

8.60 
3.60 
3.50 
3.45 
3.40 
3.20 
8.00 
2.90 
2.90 
2.90 
3.00 
8.10 
8.20 
8.45 
3.50 
3.70 
3.75 
3.90 
3.85 
3.95 
4.10 
4.45 
4wl0 
3.80 
3.60 
8.75 
4.10 
5.00 
5.70 
6.10 

6.85 
6.85 
6.00 
5.75 
5.55 
5.55 
5.80 
6.20 
6.55 
6.75 
6.85 
6.90 
6.75 
6.55 
6.40 
6.10 
5.70 
5.45 
5.20 
5.00 
4.85 
4.70 
4.70 
4.70 
4.85 
5.35 
5.80 
6.65 
7.45 
8.00 
8.40 
J 

8.85 
9.80 
9.65 
9.66 
0.45 
9.25 
9.05 
8.95 
8.75 
8.70 
8.70 
8.45 
8.25 
8.20 
8.80 
8.26 
8.15 
8.00 
7.95 
7.75 

6.95 
5.75 
5.65 
6.86 
5.16 
5.06 
5.00 
4.80 
4.70 
4.60 
4.96 
4.85 
4.20 
4.26 
4.40 
4.80 
4.70 
4.80 
4.45 
AM 

4.40 
4.80 
3.96 
3.75 
3.65 
3.60 
3.50 
8.45 
3.35 
3.30 
3.40 
3.35 
3.15 
3.00 
190 
2.80 
2.65 
2.60 
2.60 
2.50 
2.65 
2.85 
3.05 
3.20 
3.15 
3.30 
3.40 
3.65 
4.15 
3.45 
3.15 

2.95 
2.85 
2.75 
2.65 
2.60 
2.60 
2.50 
2.45 
2.40 
2.70 
2.65 
2.85 
2.80 
2.70 
2.70 
2.70 
2.80 
2.66 
2.66 
3.46 
4.45 
3.00 
5.55 
4.75 
4.00 
4.25 
3.70 
8.45 
3.35 
3.20 

2.55 

2.60 

2.60 

2.50 

8.40 

2.40 

2.40 

2.40 

8.35 

2.30 

8.86 

8.20 

8.80 

8.20 

2.15 

2.10. 

2.20 

2.80 

8.40 

8.50 

8.40 

8.80 

8.40 

8.50 

8.60 

2 

8 

4 

5 

6 

7 

8 

9 

10 

11 

12 

18 

14 

15 

16 

17 

18 

19 

20 

21 

7. 70     4. 95 
7. 55     4. 70 
7.50  <  4.55 
7. 40  •  4. 45 
7.  35  !  4. 40 
7.15     4.60 

22 

23 

24 

25 

26 

8.70  !-'"--..! 

27 

6.90 
6.55 
6.35 

4.60 
4.65 
l.flO 

8.65 
8.45 

........1 

1 

28 

29 

.  -   .- 

30 

31 

6. 15     4. 50 

*  1.110 

i    1.80 

1 

i 
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San  Juan  Eiver  at  Arholet,  Colorado. 


D»y. 

Apr. 

May. 

June. 

July. 

Aug. 

Sept. 

Oct. 

5.85 
5.85 
6.90 
5.90 
5.85 
5.80 
6.00 
5.90 
5.80 
6.95 
5.90 
5.80 
5.90 
5.80 
6.80 
5.80 
5.80 
5.80 
5.80 
5.80 
6.80 
5.75 
6.05 
6.16 
6.95 
5.85 
5.85 
6.40 
6.10 
6.05 
5.95 

Nov. 

1    , 

7.15 
7.20 
7.50 
7.60 
7.65 
7.75 
7.66 
7.40 
7.25 
7.35 
7.25 
7.10 
7.05 
6.85 
6.75 
6.65 
6.60 
6.60 
6.80 
6.95 
7.35 
7.25 
7.35 
7.50 
7.60 
7.70 
7.60 
7.56 
7.86 
7.40 
7.40 

7.10 
7.00 
6.90 
6.80 
6.65 
6.60 
6.50 
6.50 
6.60 
6.40 
6.30 
6.30 
6.20 
6.20 
6.10 
6.00 
6.00 
6.00 
5.95 
6.96 
5.90 
5.90 
6.80 
5.80 
5.80 
6.70 
5.65 
6.70 
5.70 
5.70 

5.70 
5.70 
6.70 
5.70 
5.70 
5.85 
6.85 
5.70 
5.75 
6.75 
5.70 
5.70 
5.80 
5.85 
6.00 
5.85 
6.30 
6.25 
6.20 
6.85 
6.15 
6.15 
6.20 
6.15 
6.00 
5.96 
5.90 
5.80 
5.80 
5.80 
5.75 

5.70 
5.65 
5.60 
5.60 
5.75 
5.75 
5.65 
5.60 
5.50 
5.60 
5.50 
5.60 
5.50 
5.60 
5.50 
6.50 
5.50 
5.50 
5.50 
5.40 
5.40 
5.40 
5.40 
5.40 
5.50 
5.50 
5.50 
6.50 
6.20 
6.05 
5.90 

5.80 
6.70 
5.70 
6.06 
6.86 
6.70 
5.60 
5.60 
5.65 
6.36 
6.75 
6.45 
5.95 
5.80 
5.75 
5.70 
5.60 
5.60 
5.80 
6.05 
6.95 
6.80 
5.05 
6.90 
6.55 
6.20 
6.10 
6.00 
5.95 
5.90 

5.90 
5.90 
5.85 
5.80 
5.70 
5.60 
5.55 
6.50 
5.50 
.V65 
5.75 
5.70 
5.70 
5.70 
5.70 
5.75 
5.90 
5.85 
6.80 
6.80 
5.80 
6.80 
5.80 
5.80 
5.80 
5.80 
5.80 
6.80 
5.80 
6.80 

i    2 

3...::::: :..:: 

4 

5 

6 

7 

8 

9 

10 

u 

12 

13 

6.80 
6.70 
6.70 
6.85 
6.85 
6.70 
6.70 
6.65 
6.60 
6.80 
6.90 
6.80 
6.90 
7.26 
7.60 
7.45 
7.25 
7.15 
7.15 

u 

15 

16 

18 

19 

20 

23 

a 

24 

S 

M 

28 

29 

ao 

31 

Piedra*  Biver  at  Arholf,  Colorado. 


Daj. 

Apr. 

May. 

June. 

July. 

Aug. 

Sept. 

Oct. 

Not. 

1 

4.65 
4.76 
4.80 
4.85 
4.90 
4.96 
4.66 
4.50 
4.80 
4.35 
4.25 
4.10 
4.05 
3.85 
3.80 
3.70 
8.70 
8.86 
3.95 
4.10 
4.15 
4.80 
4.35 
4.40 
4.30 
4.45 
4.50 
4.35 
4.25 
4.30 
4.30 

4.06 
3.85 
3.80 
3.70 
8.60 
8.60 
8.46 
3.40 
8.30 
3.30 
8.20 
8.20 
8.20 
3.10 
3.00 
3.00 
3.00 
3.00 
2.90 
2.00 
2.90 
2.80 
2.80 
2.80 
2.75 
2.70 
2.65 
2.70 
2.70 
2.70 

2.70 
2.70 
2.70 
2.60 
2.60 
2.60 
2.60 
2.70 
2.70 
2.70 
2.70 
2.70 
2.76 
2.85 
2.80 
2.70 
2.75 
3.00 
3.00 
2.95 
2.80 
2.85 
2.96 
3.05 
3.00 
2.85 
2.80 
2.70 
2.70 
2.70 
2.65 

2.60 
2.60 
2.60 
2.60 
2.60 
2.60 
2.55 
2.60 
2.50 
2.60 
l40 
2.40 
2.40 
2.40 
2.40 
2.40 
2.45 
2.50 
2.50 
2.40 
2.40 
2.40 
2.45 
2.50 
2.50 
2.50 
2.50 
3.15 
3.30 
2.80 
2.90 

2.80 
2.70 
2.70 
2.75 
2.80 
2.70 
2.60 
2.60 
2.60 
3.05 
3.25 
3.00 
2.90 
2.80 
2.76 
2.70 
2.65 
2.60 
2.75 
8.65 
3.16 
3.00 
4.60 
5.35 
4.45 
3.05 
3.70 
3.55 
3.40 
3.30 

3.20 
3.15 
3.05 
3.10 
3.06 
3.00 
3.00 
3.00 
3.00 
3.00 
3.00 
2.90 
8.00 
3.00 
8.00 
3.00 
3.00 
2.90 
2.90 
2.90 
2.80 
2.80 
2.90 
3.05 
3.06 
3.00 
3.00 
3.10 
3.00 
3.00 
3.00 

3.00 
8.00 
3.00 
2.96 
2.86 
2.80 
2.80 
2.76 
2.70 
2.86 
2.80 
2.75 
2.70 
2.70 
2.70 
2.75 
2.80 
2.80 
2.80 
2.80 
2.80 
2.80 
2.70 
2.80 
2.80 
2.80 
2.80 
2.80 
2.80 
2.80 

2 

8 

4 

5 

6 

7 

8 

9 

10 

11 

12 

4.00 
3.90 
3.90 
4.05 
4.06 
3.90 
3.86 
3.70 
3.56 
3.65 
3.86 
3.75 
4.00 
4.50 
4.75 
4.60 
4.45 
4.65 
4.65 

U 

14 

IS 

16 

17....                 

18 

19 

20 

21 

22 

23 .:  "1 

24 

25 ■' 

28 '"       

27....    

28 ;,; 

28 '  ' 

10 "         

31 .;"• 
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AnimoB  River  at  Durango,  Colorado, 


Day. 

Apr. 

May. 

June. 

July. 

Ang.  i 

1 

Sept. 

Oct 

Not. 

Dec. 

1 

7.20 
7.50 
7.65 
7.70 
7.95 
8.00 
7.55 
7.30 
7.05 
7.10 
6.90 
6.65 
6.40 
6.40 
6.35 
6.25 
6.25 
6.45 
6.65 
6.95 
6.95 
7.1R 
7.30 
7.70 
7.85 
7.80 
7.75 
7.85 
7.65 
7.55 
7.85 

7.05 
6.85 
6.85 
6.85 
6.75 
6.65 
6.65 
6.55 
6.45 
6.40 
6.25 
6.15 
6.15 
6.10 
6.05 
6.00 
5.95 
6.90 
5.K0 
5.80 
5.70 
5.70 
5.65 
5.60 
5.60 
5.55 
5.50 
5.45 
6.50 
5.40 

5.40 
5.40 
6.30 
5.30 
5.30 
6.30 
5.25 
5.25 
5.30 
5.30 
5.45 
5.45 
5.45 
5.50 
5.50 
5.50 
5.55 
5.65 
5.70 
5.55 
5.50 
5.45 
5.50 
5.55 
5.50 
5.40 
5.40 
6.40 
6.85 
6.80 
5.25 

5.20 
6.20 
5.20 
5.15 
5.10 
5.10 
5.10 
5,10 
5.10 
5.10 
5.05 
5.00 
5.00 
5.00 
4.95 
4.90 
4.90 
4.90 
4.90 
4.90 
4.90 
4.90 
4.90 
4.90 
4.90 
4.80 
4.80 
4.05 
5.25 
5.30 
5.20 

5.20 
5.15 
5.60 
5.10 
5.10 
5.10 
6.10 
5.10 
5.15 
5.40 
5.90 
5.65 
5.60 
5.55 
5.50 
5.40 
5.40 
5.35 
6.40 
6.35 
6.05 
6.90 
8.40 
9.30 
7.40 
6.90 
6.65 
6.45 
6.20 
6.10 

6.10 
6.00 
5  95 
5.90 
5.85 
5.80 
5.85 
6.70 
5.70 
5.65 
5.60 
5.60 
5.65 
6.70 
5.60 
5.60 
5.60 
5.65 
5.50 
5.50 
5.45 
5.60 
5.36 
5.50 
5.50 
5.40 
5.45 
6.50 
5.50 
5.46 
5.40 

6.40 
5.40 
6.40 
5.30 
5.30 
5.26 
6.25 
5.20 
5.25 
5.25 
5.30 
5.30 
5.25 
6.25 
6.30 
6.25 
5.80 
6.25 
5.30 
5.30 
6.30 
5.25 
5.20 
6.25 
6.20 
5.20 
6.15 
6.05 
6.10 
6.10 

6.10 
"5.'26** 

'6.*i6"' 

5.10 

"s.oo"* 

"s.'io" 
"5.00" 

"6.10" 

"5.'i6  " 
"5."i6" 

;  "6.26"" 
"'6.00" 

2 

3 

i 

6 

6 

7 

8 

9 

10 

11 

12 

6.35 
6.15 
6.25 
6.45 
6.45 
6.40 
6.20 
6.20 
6.15 
6.25 
6.35 
6.55 
7.05 
7.50 
7.90 
7.75 
7.45 
7.20 
7.15 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

28 

24 

25 

26 , 

27 

28 

29 

30 

31 

Gila  River  at  Buttes,  Arizona, 


Day. 

Jan. 

Feb. 

Mar. 

Apr. 

1.76 
1.86 
1.87 
1.R8 
1.90 
1.00 
1.80 
1.85 
1.81 
1.80 
1.74 
1.70 
1.70 
1.67 
1.64 
1.62 

May. 

1 

2.20 
2.20 
2.20 
2.15 
2.10 
2.10 
2.00 
2.05 
2.05 
2.05 
2.05 
2.05 
2.00 
2.00 
2.00 
2.00 
1.95 
1.95 
1.95 
1.95 
1.95 
1.90 
1.85 
1.80 
1.80 
1.80 
1.80 
1.80 
1.90 
1.85 
1.90 

1.90 
1.85 
1.80 
1.85 
1.85 
1.80 
1.80 
1.75 
1.70 
1.70 
1.75 
1.75 
1.70 
1.70 
1.70 
1.70 
1.70 
1.70 
1.70 
1.70 
1.70 
1.70 
1.74 
1.72 
1.72 
1.72 
1.72 
1.72 
1.72 

1.71 
1.71 
1.72 
1.80 
1.79 
1.79 
1.73 
1.79 
1.80 
1.80 
1.79 
1.87 
1.88 
1.90 
1.91 
1.92 
1.91 
1.87 
1.86 
1.84 
1.81 
1.79 
1.75 
1.71 
1.71 
1.71 
1.70 
1.70 
1.68 
1.66 
1  1.70 

1.48 

2 

1.48 

3 

1.47 

4 

1.46 

5 

1.44 

6 

1.41 

7 

1.40 

8 

1.40 

9 

1.38 

10 

1.37 

11 

1.38 

12 

1.36 

13 

1.34 

14 

1.32 

16 

1.31 

18 

1  ») 

17 

18 

19 

1.62  1.27 
1.62  1.25 
1.61  1.24 

20 

21 

1.61   1.24 
1.60  i  1.23 

22 

1.60  '  1.20 

23 

1.58  1.21 

24 

1.55  1.21 

25 

26 

1.5:i  !  1.20 
1.50  '  1.18 

27 

1.50  ■   1.16 

28 

1.  .'il  1. 15 

29 

1. 50   1. 14 

30 

31 

1. 48  ,  1. 12 
1  1  !•> 

Jane. 

July. 

Ang. 

Sept 

Oct. 

Nov. 

Dec. 

1.11 

0.93 

2.75 

i 
2. 50  2. 80 

3.80 

2.40 

1.10 

.90  3.70 

2. 38  4. 70 

3.65 

2. 88 

1.09 

.91  2.90 

2.26 

3.80 

3.60 

2.88 

1.08 

.91   4.40 

2.38 

5.20 

3.30 

2.35 

1.07 

.  88  [  3. 20 

2.40 

3.70 

3.16 

2.31 

1.06 

.86  i  3.00 

2.25 

3.80 

3.05 

2.30 

1.04 

.  86  :  2.  50 

2.13 

3.75 

2.95 

2.30 

1.03  1.36  2.25 

2.70  '  4.80 

2.90 

2.30 

1.02  1.20  2.13 

3.95  i  3.90 

2.80 

2.30 

1.00  1.10  1.98 

4. 20  3. 30 

2.73 

2.29 

1.00  ,  1.04  1.90 

3.15 

3.00 

2.70 

2.28 

.99  1.29  2.00 

2.85 

3.25 

2.65 

2.28 

.98  1.24 

1.90 

2.95 

5.00 

2.60 

2.28 

.  97  1. 20 

1.74 

2.95 

9.35 

2.60 

2.27 

.95  !  1.45 

1.70 

2.70 

7.90 

2.58 

2.27 

.  93  4.  50 

1.86 

2.56 

6.90 

2.55 

2.29 

.92  2.30 

1.72 

2.20 

5.60 

2.50 

2.30 

.91  2.10 

1.85 

2.23 

4.80 

2.50 

2.30 

.91  2.10 

2.06 

2.50 

4.10 

2.48 

2.30 

.91   3. 00 

2.22 

3.43 

3.70 

2.46 

2.28 

.91   5.40 

2.00 

3.10 

3.35 

2.44 

2.26 

.91  8.10 

2.50 

2.80 

3.30 

2.42 

2.24 

.90 

5.10 

2.24 

3.00 

6.75 

2.40 

2.23 

.89 

9.  HO 

2.41 

2.35 

5.50 

2.38 

2.22 

.86 

4.60 

2.41 

2.40 

6.30 

2.40 

2.22 

.90 

3.00 

2.20 

2.25 

6.50 

2.46 

2.23 

1.32 

2.80 

2.18 

2.38 

5.50 

2.53 

2.23 

1. 10 

2.50 

2.10 

2.32 

6.60 

2.50 

2.23 

.98 

2.15 

2.05 

2.15 

5.00 

2.48 

2.30 

.96 

2.10 

3.70 

2.05 

4.60 

2.44 

2.30 

.94 

2.00 

2.90 

4.10 

2.34 

DATS.] 


GAGE    HEIGHTS   IN   INTERIOR   BASIN. 


73 


Colorado  River  at  Yuma,  Arizona. 


Day. 

Jen. 

Feb. 

Mar. 

Apr. 

1 

May 

June. 
21.83 

July. 
21.25 

Aug. 

Sept. 

Oct. 

Kov. 
19.42 

Dec. 

1.... 

18.25 

19.00 

19.08 

19.42 

20.00 

19.83 

19.88 

22.08 

18.92 

2.... 

18.25 

19.08 

10.17 

19.42 

20.00 

22.00 

21.17 

19.42 

19.67 

20.83 

19  83 

18.92 

3.... 

18.17 

19.17 

19.25 

19.83 

21.50 

22.50 

21.00 

19.50 

19.67 

20.00 

19.17 

19.00 

4.... 

18.08 

19.42 

19.33 

19.42 

22.17 

23.25 

20.83 

19.00 

20.33 

19.67 

19.00 

18.83 

5.... 

18.00 

19.25 

19.42 

19.42 

22.42 

23.50 

20.67 

19.60 

20.67 

19.33 

18.83 

18.83 

6... 

18.00 

19.25 

19.42 

20.00 

22.60 

23.83 

20.42 

19.60 

19.75 

19.00 

18.83 

18.83 

7.... 

18.00 

19.17 

19.42 

20.00 

22.83 

23.92 

20.42 

19.75 

19.60 

19.50 

18.75 

18.83 

8.... 

18.00 

19.08 

19.42 

19.92 

22.33 

24.00 

20.25 

20.00 

19.67 

19.00 

10.08 

18.83 

9.... 

18.00 

18.92 

19.42 

19.83 

22.26 

24.08 

20.25 

19.92 

19.42 

18.67 

18.92 

18.92 

10.... 

18.00 

18.92 

19.42 

19.83 

22.00 

24.00 

20.25 

19.75 

19.00 

18.67 

18.75 

18.83 

11-... 

18.00 

18.83 

19.42 

19.75 

22.25 

23.83 

20.25 

19.75 

18.83 

18.67 

18.75 

18.67 

13.... 

17.02 

18.  ai 

19.25 

19.67 

22.33 

23.75 

20.00 

19.75 

18.92 

18.75 

18.83 

18.42 

13.... 

17.92 

18.83 

19.17 

19.75 

22.42 

23.42 

20.00 

19.50 

19.33 

18.67 

18.75 

18.08 

14.... 

'  17.02 

18.83 

19.17 

19.83 

23.50 

23.17 

20.00 

19.33 

18.83 

18.67 

18.67 

17.  83 

15.... 

18.00 

18.83 

19.17 

19.67 

22.60 

22.93 

20.00 

19.25 

18.60 

18.60 

18.50 

17.75 

16.. .. 

18.17 

18.75 

19.17 

19.75 

22.75 

22.75 

20.00 

19.17 

18.42 

18.50 

18.50 

17.50 

17.... 

18.17 

18.67 

19.17 

19.75 

22.75 

22.75 

20.00 

19.00 

18. 42 

19.00 

18.50 

17.42 

18.... 

18.17 

18.67 

19.17 

19.83 

22.60 

22.67 

20.25 

19.08 

18.60 

19.42 

17.02 

17.42 

19.... 

18.17 

18.60 

19.08 

20.00 

22.33 

22.42 

20.33 

19.42 

18.83 

18.83 

18.42 

17.50 

20.... 

18.17 

18.50 

19.08 

20.00 

22.17 

22.42 

21.00 

19. 75 

18.92 

18.83 

18.42 

17.8;i 

21.... 

18.00 

18.50 

19.08 

19.92 

21.92 

22.17 

20.33 

19.00 

18.60 

18.75 

18.42 

18.00 

a... 

18.25 

18.50 

19.08 

19.92 

21.60 

21.92 

20.08 

19.00 

18.92 

19.25 

18.42 

18.17 

28.... 

18.42 

18.67 

19.00 

19.83 

21.33 

21.92 

20.67 

19.00 

19.33 

20.00 

18.33 

18.25 

24.... 

18.50 

18.75 

19.00 

19.83 

21.08 

21.83 

20.75 

19.00 

19.26 

19.17 

18.25 

18.26 

».... 

18.50 

18.75 

19.00 

19.88 

20.83 

21.67 

20.67 

18.75 

19.50 

19. 07 

18.83 

18.38 

25.... 

18.60 

18.83 

19.08 

19.92 

20.67 

21.60 

20.50 

18.75 

18.83 

19.19 

18.42 

18.33 

27.... 

18.50 

18.92 

19.17 

20.00 

20.50 

21.50 

20.60 

19.00 

18.42 

19.33 

18.50 

18.42 

28... 

18.87 

18.92 

19.25 

20.00 

20.50 

21.50 

20.50 

19.00 

19.50 

19.17 

18.50 

18.42 

29.... 

18.75 

18.92 

19.33 

20.00 

20.75 

21.33 

20.50 

18.75 

23.17 

19.33 

18.83 

18.50 

».... 

18.83 

19.50 

19.00 

20.67 

21.25 

20.83 

18.42 

24.60 

19.17 

18.83 

18.50 

11.... 

1 

18.92 

19.50 

21.08 

20.75 

18.42 

19.33 

18.50 

Humholdi  River  at  Elko,  Nevada, 


Day. 

Jan. 

2.17 
2.15 
2.14 
2.15 
2.15 
2.17 
2.00 
2.00 

Feb. 

2.40 
2.45 
2.45 
2.30 
2.47 
2.47 
2.30 
2.34 

Mar.a 

Apr.s 

May. 

June. 

6.80 
5.90 
6.60 
7.35 
7.80 
7.50 
7.70 
7.65 

July. 

AUR. 

Sept. 

Oct. 

Nov. 

Dec. 

1 

2 

1 

3.60 
3.65 
3.50 
3.60 
8.60 
3.55 
3.60 
3.70 

5.50 
5.40 
6.20 
5.00 
4.55 
4.50 
4.45 
4.35 

2.60 
2.60 
2.60 
2.66 
2.50 
2.45 
2.40 
2.40 

2.00 
2.00 
2.00 
2.00 
2.00 
2.00 
1.97 
1.95 

1.96 
1.97 
1.97 
1.98 
1.98 
2.00 
2.00 
2.00 

2.00 
2.00 
2.00 
2.00 
200 
2.00 
2.00 
2.10 

2.35 
2.35 
2.35 
2.40 
2.40 
2.40 
2.40 
2.36 

4 

5 

6 

7 

8 

2.36 

9 

2.00 
2.00 
2.00 

2.30 
2.47 
2.34 

3.75 
3.80 
3.90 

7.65 
7.i5 
7.10 

4.20 
4.15 
3.95 

2.80 
2.27 
2.25 

1.96 
1.93 
1.93 

2.00 
2.00 
2.00 

2.20 
2.20 
2.25 

2.30 
2.35 
2.40 

!• 

11 

3.45 

12 

2.00 

2.30 

8.45 

4.15 

7.20 

3.90 

2. 25     1. 03 

2.00 

2.25 

2.45 

11 

2.00 

2.85 

2.60 

3.50 

4.20 

7.40 

3.90 

2.25 

1.93 

2.05 

2.30 

2.45 

U 

2.00 

2.30 

3.50 

4.20 

7.35 

3.80 

2.25 

1.93 

2.06 

2.30 

2.45 

15 

2.00 

2.30 

3.45 

4.20 

7.30 

3.75 

2.20 

1.93 

2.05 

2.35 

2.45 

l( 

2.17 

2.34 

8.60 

4.10 

7.35  1  3.65 

2.20 

1.90 

2.10 

2.35 

2.45 

17 

2.15 

2.20 

3.80 

4.00 

7.45 

3.60 

2.20 

1.90 

2.10 

2.35 

2.50 

U 

2.10     2.20 

8.90 

3.90 

7.45 

3.50 

2.15 

1.90 

2.10 

2.40 

2.50 

1» 

2. 14     2. 20 

3.90 

3.90 

7.45 

,3.40 

2.10 

1.90 

2.10 

2.40 

2.52 

20.... 

2. 27     2. 20 

3.90 

3.80 

7.50 

3.30 

2.10 

1.90 

2.10 

2.40 

2.50 

21 

2. 27     2. 20 

2.70 

3.90 

3.70 

7.55 

3.20 

2.10 

1.90 

2.10 

2.40 

2.50 

22 

2.  25     2. 20 

3.95 

3.60 

7. 40     3. 10 

2.10 

1.90 

2.10 

2.40 

2.45 

8.... 

2. 20     2. 25 



3.90 

3.50 

7. 20     2. 95 

2.10 

1.93 

2.10 

2.40 

2.45 

^.... 

2.20  !  2.25 

3.80 

3.55 

7.10  i  2.90 

2.  JO 

1.90 

2.15 

2.00 

2.45 

S.... 

2. 25     2. 25 

3.20 

8.70 

3.55 

6.  90  ;  2.  80 

2.05 

1.90 

2.15 

2.40 

2.50 

2J... 

2. 25     2. 30 

3.80 

3.55 

6.70  '  2.75 

2.05 

1.90 

2.15 

2.40 

2.50 

2 : 

2.25  1  2.30 

3.70 

3.60 

6.40  ,  2.73 

2.05 

1.90 

2.15 

2.40 

2.50 

8... 

2.24 

2.30 

3.50 

3.75 

3.70 

6  10  '  2.70 

2.05 

1.90 

2.15 

2.40 

2.  45 

3  .. 

2.35 

2.30 

3.75 

3.95 

5. 90     2. 70 

2.05 

1.90 

2.15 

2.40 

2.45 

30. . 

31...; 

2.30 
2.35 

3.70 

4.30 
4.55 

5.  70     2. 65 
2.60 

2.00 
2.00 

1.90 

2.15 
2.15 

2.35 


2.45 
2.50 

*■•••••••* 

a  Obeervations  disoontinned  from  March  1  to  April  11 ;  gage  taken  by  flood. 
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BIVEK   HEIGHTS    FOR   1896. 


[HQ^ll. 


Humboldt  Biver  at  Battle  Mountain j  Nevada, 


Day. 


1 

2 

3 

i 

5 

6 

7 

8 

9 

10 

11 

12 

13 

U 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

26 

27 


30 

31 


June.  '  Jaly 


8.2S 
8.20 
8.20 


8.15 
8.10 
8.10 
8.05 
7.50 
7.30 
7.10 
6.80 
6.40 
6.00 
5.60 
6.80 
5.00 
4.80 
4.60 
4.40 
4.20 
4.10 
4.00 
3.80 
3.70 
3.60 
8.60 
3.30 
3.10 
3.00 
2.80 
2.70 
2.60 
2.40 
2.30 


Aug. 


2.10 

2.00 

1.90 

1.80 

1.76 

1.70 

1.60 

1.50 

1.46 

1.40 

1.40 

1.35 

1.30 

1.26 

1.20 

1.16 

1.15 

1.10 

1.05 

1.00 

1.00 

1.00 

.96 

.95 

.90 

.90 

.90 

.85 

.85 

.80 

.80 


Sept.   I    Oct. 


Nor.    '     Dec. 


0.80 
.85 
.90 
.90 
.90 
.85 
.85 
.86 
.80 
.80 
.80 
.80 
.80 
.80 
.80 
.80 
.75 
.76 
.75 
.75 
.75 
1.10 
1.00 
.00 
.90 
.85 
.86 
.85 
.85 
.80 


0.80 

.80 

.80 

.80 

.80 

.80 

.80 

.80 

.85 

.85 

.85 

.85 

.85 

.86 

.90 

.90 

.96 

.95 

.95 

1.00 

1.10 

1.10 

1.15 

1.16 

1.20 

1.20 

1.30 

1.35 

1.85 

1.40 

1.40 


1.40 
1.40 
1.45 
1.45 
1.50 
1.50 
1.50 
1.60 
1.65 
1.60 
1.70 
1.70 
1.70 
1.65 
1.65 
1.70 
1.70 
1.70 
1.70 
1.70 
1.76 
1.75 
1.80 
1.80 
1.80 
1.80 
1.80 
1.80 
1.86 
1.85 


1.90 
1.90 
1.00 
1.90 
1.85 
1.80 
1.80 
1.80 
1  85 
1.85 
1.90 
1.90 
1.90 
1.90 
2.00 
2.00 
2.00 
2.00 
2.00 
2.05 
2.05 
2.05 
2.10 
2.10 
2.10 
2.10 
2.10 
2.15 
2.15 
2.15 
2.20 


Humboldt  Biver  at  Goloonda,  Nevada, 


Day. 


1 

2 

3 

6 

8 

9 

10 

12 

X4 •••«•• •«»■•••• 

16 

16 

18 

19 

20 

21 

22 

23 

24 

25 

27 

29 

81 


Jan. 

Feb. 

Mar. 

Apr. 

Kay. 

June. 

July. 

Aug. 

Sept. 

0.66 

1.60 

0.50 

0.80 

2.65 

4.00 

7.40 

8.00 

0.70 

.63 

1.60 

.50 

.35 

2.70 

4.00 

7.40 

2.90 

.70 

.60 

1.60 

.60 

.40 

2.70 

4.30 

7.80 

2.80 

.00 

.68 

1.75 

.60 

.50 

2.70 

4.50 

7.20 

2.60 

.60 

.60 

1.70 

.60 

.70 

2.70 

4.00 

7.00 

2.50 

.50 

.50 

1.70 

.60 

.80 

2.80 

4.80 

6.90 

2.40 

.50 

.65 

1.65 

.50 

1.60 

2.90 

4.90 

6.60 

2.20 

.45 

.53 

1.70 

.60 

2.00 

3.20 

4.90 

6.50 

2.20 

.40 

.53 

1.40 

.60 

2.40 

3.20 

4.90 

6.10 

2.10 

.40 

.58 

1.60 

.55 

2.10 

3.20 

5.00 

6.80 

2.10 

.86 

.68 

1.70 

.60 

2.00 

3.30 

5.30 

6.80 

2.00 

.35 

.66 

1.70 

.56 

1.00 

3.30 

5.76 

6.50 

1.90 

.80 

.68 

1.60 

.50 

1.70 

3.30 

5.70 

5.20 

1.80 

.30 

.63 

1.60 

.50 

1.60 

8.30 

5.90 

5.00 

1.80 

.25 

.60 

1.40 

.60 

1.50 

3.30 

6.00 

4.95 

1.60 

.25 

.60 

1.40 

.50 

1.65 

3.30 

6.10 

4.85 

1.60 

.25 

.60 

1.35 

.40 

1.60 

3.30 

6.40 

4.80 

1.50 

.25 

.65 

1.37 

.30 

1.90 

3.35 

6.70 

4.70 

1.40 

.20 

.70 

1.37 

.20 

1.70 

3.40 

6.70 

4.50 

1.35 

.20 

.78 

1.25 

.20 

1.70 

3.45 

6.80 

4.80 

1.30 

.20 

.85 

1.20 

.20 

2.10 

3.40 

6.90 

4.00 

1.20 

.20 

.85 

1.15 

.20 

2.00 

3.45 

6.90 

3.90 

1.05 

.20 

1.05 

1.00 

.20 

2.00 

3.60 

7.00 

3.90 

1.00 

.20 

1.70 

1.00 

.20 

2.20 

3.60 

7.00 

8.60 

1.00 

.30 

1.10 

.90 

.40 

2.30 

3.60 

7.10 

8.50 

1.00 

.30 

1.00 

.80 

.75 

2.30 

3.50 

7.10 

3.50 

.90 

.30 

1.30 

.85 

.75 

2.40 

3.50 

7.20 

3.40 

.80 

.30 

1.35 

.75 

.50 

2.50 

3.50 

7.20 

3.40 

.80 

.30 

1.40 

.60 

.35 

2.60 

3.70 

7.30 

3.40 

.75 

.30 

1.50 

.35 

2.60 

3.80 

7.40 

3.10 

.70 

.30 

1.50 

.30 

3.90 

3.00 

.70 

Oct. 


Nor. 


. 


0.30 
.30 
.85 
.40 
.40 
.50 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.70 
.70 
.70 
.70 
.70 
.70 
.75 
.80 
.80 
.80 
.90 
.90 
.90 


0.95 
1.00 
1.00 
1.00 
1.10 
1.10 
1.20 
1.20 
1.26 
1.20 
1.10 
1.30 
1.40 
1.50 
1.50 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.70 
1.70 
1.70 
1.70 
1.00 
1.50 
1.50 
1.55 


Dec. 


LOO 
1.00 
LOO 
L70 
L70 
L70 
L80 
LOO 
LOO 
LOS 
L85 
L80 
1.90 
LOO 
2.00 
2.00 
2.00 
2.10 
2.10 
2.15 
2.20 
2.20 
2.20 
2.20 
2.20 
2.20 
2.00 
8.10 
2.15 
2.20 
2.20 


DiriB.] 


GAGE    HEIGHTS   IN   INTERIOR   BASIN. 
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Colorado  River  at  Yuma,  Arizona, 


Day. 

Jan. 

t-eb. 

Mar. 

Apr. 

May 

June. 
21.83 

July. 

Aug. 

S«pt. 

Oct. 

Nov. 

Dec. 

1.... 

18.25 

19.00 

19.08 

19.42 

20.00 

21.25 

19.83 

19.88 

22.09 

19.42 

18.02 

1     2.... 

18.25 

19.08 

19.17 

19.42 

20.00 

22.00 

21.17 

19.42 

19.67 

20.83 

19  83 

18.92 

3.... 

18.17 

19.17 

19.25 

19.83 

21.50 

22.50 

21.00 

19.50 

19.67 

20.00 

19.17 

19.00 

4.... 

18.08 

19.42 

19.33 

19.42 

22.17 

23.25 

20.83 

19.60 

20.33 

19.67 

19.00 

18.83 

5.... 

18.00 

19.25 

19.42 

19.42 

22.42 

23.50 

20.67 

19.60 

2U.67 

19.33 

18.83 

18.83 

6.... 

18.00 

19.25 

19.42 

20.00 

22.60 

23.83 

20.42 

10.60 

19.75 

19.00 

18.83 

18.83 

7.... 

18.00 

19.17 

19.42 

20.00 

22.83 

23.92 

20.42 

19.75 

19.60 

19.50 

18.75 

18.83 

8.... 

18.00 

19.08 

19.42 

19.92 

22.33 

24.00 

20.25 

20.00 

19.67 

19.00 

19.08 

18.83 

9.... 

18.00 

18.92 

19.42 

19.83 

22.25 

24.08 

20.25 

19.92 

19.42 

18.67 

18.92 

18.92 

10.... 

18.00 

18.92 

19.42 

19.83 

22.00 

24.00 

20.25 

19.75 

19.00 

18.67 

18.75 

18.83 

11...- 

18.00 

18.83 

19.42 

19.75 

22.25 

23.83 

20.25 

19.75 

18.83 

18.67 

18.75 

18.67 

12.... 

17.92 

18.83 

19.25 

19.67 

22.33 

23.75 

20.00 

19.75 

18.92 

18.75 

18.83 

18.42 

13.... 

17.92 

18.83 

19.17 

19.75 

22.42 

23.42 

20.00 

19.50 

19.33 

18.67 

18.75 

18.08 

M.... 

17.92 

18.83 

19.17 

19.83 

22.50 

23.17 

20.00 

19.33 

18.83 

18.67 

18.67 

17.83 

15... 

18.00 

18.83 

19.17 

19.07 

22.60 

22.92 

20.00 

19.25 

18.60 

18.60 

18.60 

17.75 

16.. .. 

18.17 

18.75 

19.17 

19.75 

22.75 

22.75 

20.00 

19.17 

18.42 

18.50 

18.50 

17.50 

17.. .. 

18.17 

18.67 

19.17 

19.75 

22.75 

22.75 

20.00 

19.00 

18.42 

19.00 

18.50 

17.42 

18.... 

18.17 

18.67 

19.17 

19.83 

22.60 

22.67 

20.25 

19.08 

18.60 

19.42 

17.92 

17.42 

19.... 

18.17 

18.60 

19.08 

20.00 

22.33 

22.42 

20.33 

19.42 

18.83 

18.83 

18.42 

17.50 

20.... 

18.17 

18.50 

19.08 

20.00 

22.17 

22.42 

21.00 

19.75 

18.92 

18.83 

18.42 

17. 8;» 

21.... 

18.00 

18.50 

19.08 

19.92 

21.92 

22.17 

20.33 

19.00 

18.60 

18.75 

18.42 

18.00 

22... 

18.25 

18.50 

19.08 

19.92 

21.60 

21.92 

20.08 

19.00 

18.92 

19.25 

18.42 

18.17 

23.... 

18.42 

18.67 

19.00 

19.83 

21.33 

21.92 

20.67 

19.00 

19.33 

20.00 

18.33 

18.25 

24.... 

18.50 

18.75 

19.00 

19.83 

21.08 

21.83 

20.75 

19.00 

19.25 

19.17 

18.26 

18.26 

25.... 

18.60 

18.75 

19.00 

19.811 

20.83 

21.67 

20.67 

18.75 

19.60 

19.67 

18.33 

18.33 

26.... 

18.50 

18.83 

19.08 

19.92 

20.67 

21.60 

20.50 

18.75 

18.83 

19.19 

18.42 

18.33 

27.... 

18.50 

18.92 

19.17 

20.00 

20.50 

21.50 

20.60 

19.00 

18.42 

19.33 

18.50 

18.42 

28... 

18.67 

18.92 

19.25 

20.00 

20.51) 

21.50 

20.50 

19.00 

19.50 

19.17 

18.50 

18.42 

29.... 

18.75 

18.92 

19.33 

20.00 

20.75 

21.33 

20.50 

18.75 

23.17 

19.33 

18.83 

18.60 

80.... 

18.83 

19.50 

19.00 

20.67 

21.25 

20.83 

18.42 

24.60 

19.17 

18.83 

18.50 

Jl.... 

18.92 

19.50 

21.08 

20.75 

18.42 

19.33 

18.50 

Humboldt  Biver  at  Elko,  Nevada. 


Day. 

Jan. 

2.17 
2.15 
114 
2.15 
3.15 
2.17 
2.00 
2.00 
2.00 
2.U0 
2.00 
2.00 
2.00 
2.00 
2.00 
2.17 
2.15 
2.10 
2.14 
2.27 
2.27 
2.25 
2.20 
2.20 
2.25 
2.25 
2.25 
2.24 
2.35 
2.30 
2.36 

Feb. 

Mar.a 

Apr.s 

May. 

1 

2.40 
2.45 
2.45 
2.30 
2.47 
2.47 
2.30 
2.34 
2.30 
2.47 

8.60 

2 

8.65 

8 

•■»••• 

8.50 

4 

3.60 

6 

3.60 

6 

^ 

3.56 

7 

3.60 

8 

2.36 

3.70 

9 

3.75 

10 

3.80 

,   11 

2.34 



3.45 
8.46 
8.50 
3.50 
3.45 
8.60 
3.80 
3.90 
3.90 
3.90 
3.90 
3.95 
3.90 
8.80 
3.70 
3.80 
3.70 
3.75 
8.75 
3.70 

3.90 

12 

13 

2.30    

2.  35     2.  SO 

4.15 
4.20 

14 

2.30 
2.30 
2.34 
2.20 
2.20 
2.20 
2.20 
2.20 
2.20 
2.26 
2.25 
2.25 
2.30 
2.30 
2.30 
2.30 

2.' 76' 

'3.' 26" 
'3.60' 

4.20 

15 

4.20 

16 

4.10 

17 

18 

4.00 
3.90 

19 

20 

21 

22 

23 

3.90 
.^80 
3.70 
3.60 

3.60 

24 

25 

26 

27 

28 

3.55 
3.55 
3.55 
3.60 
8.70 

29            

3.95 

30 

4.30 

31 

4.55 

.•n  ' 


June. 


6.30 
5.90 
6.50 
7.35 
7.80 
7.50 
7.70 
7.65 
7.65 
7.i5 
7.10 
7.20 
7.40 
7.36 
7.30 
7.35 
7.45 
7.45 
7.45 
7.50 
7.55 
7.40 
7.20 
7.10 
6.00 
6.70 
6.40 
6  10 
5.90 
5.70 


July.'  Aug. 


5.60 
5.40 
5.20 
6.00 
4.55 
4.50 
4.45 
4.35 
4.20 
4.15 
3.96 
3.90 
3.90 
3.80 
3. 75 
3.65 
3.60 
3.60 
.3.40 
3.30 
3.20 
3.10 
2.95 
2.90 
2.80 
2. 75 
2.75 
2.70 
2.70 
2.65 
2.60 


2.60 
2.60 
2.60 
2.56 
2.50 
2.46 
2.40 
2.40 
2.30 
2.27 
2.25 
2.25 
2.25 
2.25 
2.20 
2.20 
2.20 
2.15 
2.10 
2.10 
2.10 
2.10 
2.10 
2.10 
2.05 
2.05 
2.05 
2.05 
2.05 
2.00 
2.00 


2.00 
2.00 
2.00 
2.00 
2.00 
2.00 
1.97 
1.96 
1.96 
1.93 
1.93 
1.93 
1.93 
1.93 
1.93 
1.90 
1.90 
1.90 
1.90 
1.90 


1. 
1. 
1. 
1. 
1. 


90 
90 
93 
90 
90 
1.90 
1.00 
1.90 
1.90 
1.90 


1.96 
1.97 
1.97 
1.98 
1.98 
2.00 
2.00 
2.00 
2.00 
2.00 
2.00 
2.00 
2.06 
2.06 
2.05 
2.10 
2.10 
2.10 
2.10 
2.10 
2.10 
2.10 
2.10 
2.15 
2.16 
2.15 


15 
15 
15 
15 


2.15 


Nov. 

Dec. 
2.35 

2.00 

2.00 

2.35 

2.00 

2.36 

2.00 

2.40 

2.00 

2.40 

2.00 

2.40 

2.00 

2.40 

3.10 

2.36 

2.20 

2.30 

2.20 

2.85 

2.25 

2.40 

2.25 

2.46 

2.30 

2.45 

2.80 

2.45 

2.35 

2.45 

2.35 

2.45 

2.35 

2.50 

2.40 

2.50 

2.40 

2.52 

2.40 

2.50 

2.40 

2.50 

2.40 

2.45 

2.40 

2.45 

2.00 

2.45 

2.40 

2.50 

2.40 

2.50 

2.40 

2.50 

2.40 

2.45 

2.40 

2.45 

2.35 

2.46 

2.50 

a  Observations  discontinued  from  March  1  to  April  11 ;  gage  taken  by  flood. 
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RIVER   HEIGHTS   FOR   1896. 


[NO.  IL 


South  Fork  of  Humboldt  River  at  Masons  Banch,  Nevada. 


Day. 


1 
2 
3 
4 

5 
« 
7 

8 
0 
10 
11 
12 
13 
14 
15 
16 


Au|f. 


Sept. 

Oct. 

Nov. 

Deo.  1 

1 

1.00 

0.95 

1.10 

1.10 

.95 

.95 

1.10 

1.10 

.90 

.95 

1.10 

1.15 

.90 

.95 

1.10 

1.15 

.90 

.95 

1.10 

1.20 

.90 

.95 

1. 10 

1.20 

.90 

.95 

1.10 

1.80 

.90 

.95 

1.10 

1.30 

.85 

.95 

1.10 

1.40 

.85 

.95 

1.10 

1.40 

.85 

.95 

1.15 

1.50 

.85 

.95 

1.15 

1.60 

.85 

.95 

1.15 

1.60 

.85 

.95 

1.15 

1.50 

.85 

.95 

1.15 

1.50 

.80 

.95 

1.15 

1.40 

Day. 


Aug. !  Sept.  i  Oct. 


17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 


1.00 
1.00 


0.80 
.80 
.80 
.80 
.80 
.90 
.90 
.95 
.95 
.95 
.95 
.95 
.95 
.95 


1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.05 
1.05 
1.05 


Nov. 


1.15 
1.20 
1.20 
1.20 
1.20 
1.20 
1.15 
1.15 
1.10 
1.10 
1.00 
1.00 
1.00 
1.00 


X/vC* 


1.40 
1.30 
1.30 
1.30 
1.20 
1.20 
1.20 
1.10 
1.10 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 


Bear  Biver  at  Soda  Springs,  Idaho. 


Day. 

May. 

Jane. 

July. 

Aug. 

Sept. 

Oct. 

Day. 

May. 

June. 

July. 

Aug. 

Sept     Oct. 

1 

5.90 

17 

8.20 

5.00 

5.30 

a 

7.58 

5.40     5.35 

18 

5.30 

1 

3 

5.85 
5.80 

5.' to' 
5.65 

19 

8.00 
7.90 

'6.'86' 

5.40 

! 

4 

5.85    

20 

j 

5 

7.70 

7.40 
7.30 
7.00 
6.90 
6.60 
6.30 
6.00 

5.30 

21 

5.40 
6.40 

5.80 

6 

23 

7.80 

5.80 

1 

7  .... 

7.93 

5.30 

28 

5.36 

1 

1 

1 

8 

24 

7.70 

5.80 

5.45 

9 

8.40 
8.82 

6.66* 
*6.'56* 

5.30 

25 

26 

27 

6.50 
6.52 

5.40 

10 

7.60 

5*86* 

5.40 

.^.,..1 

11 

5.80 

12 

28 

5.40 

5.40 

5.35 

18 

a30 

6.00 
6.00 
6.90 

29 

5.80 

14  .... 

5.60 
5.40 

5.30 

30 

81 

7.10 

5.35 

15  .... 

8.40 

5.95 

5.40 

16 

5.30 

Bear  Biver  at  Battle  Creek,  Idaho. 


Day. 

Jan. 

Feb. 

Mar. 

1.40 
1.40 
1.40 
1.40 
1.40 
1.40 
1.40 
1.40 
1.40 
1.40 
1.40 
1.40 
1.40 
1.40 
1.40 
1.40 
1.40 
1.40 
1.50 
1.50 
1.50 
1.60 
1.70 
1.70 
1.80 
1.90 
2.00 
2.10 
2.10 
2.20 
2.30 

Apr. 

May. 

June. 

July. 

Aug. 

Sept. 

Oct. 

Nov. 

Dec. 

1 

2 

1.40 
1.40 
1.40 
1.40 
1.40 
1.40 
1.40 
1.40 
1.40 
1.40 
1.40 
1.40 
1.40 
1.40 
1.40 
1.40 
1.40 
1.40 
1.40 
1.40 
1.40 
1.40 
1.40 
1.40 
1.40 
1.40 
1.40 
1.40 
1.40 
1.30 
1.30 

1.30 
1.80 
1.30 
1.30 
1.30 
1.30 
1.30 
1.30 
1.30 
1.30 
1.30 
1.30 
1.40 
1.40 
1.40 
1.40 
1.40 
1.40 
1.40 
1.40 
1.40 
1.40 
1.40 
1.40 
1.40 
1.40 
1.40 
1.40 
1.40 

2.80 
2.40 
2.50 
2.60 
2.60 
2.70 
2.80 
2.80 
2.80 
2.70 
2.70 
2.70 
2..70 
2.70 
2.70 
2.70 
2.70 
2.70 
2.70 
2.70 
2.70 
2.60 
2.60 
2.60 
2.60 
2.60 
2.60 
2.70 
2.70 
2.70 

2.70 
2.80 
2.80 
2.80 
2.80 
2.90 
2.90 
3.00 
3.00 
3.00 
3.00 
3.00 
3.00 
3.00 
3.00 
3.00 
3.00 
2.90 
2.90 
2.80 
2.80 
2.70 
2.70 
2.80 
2.90 
3.05 
3.25 
3.50 
3.60 
4.05 
4.25 

4.45 
4.65 
4.70 
4.70 
4.80 
4.90 

3.60 
8.45 
3.25 
3.10 
2.95 
2.80 

2.10 
2.10 
2.00 
2.00 
2.00 
1.90 
1.90 
1.80 
1.80 
1.80 
1.80 
1.80 
1.70 
1.70 
1.70 
1.70 
1.70 
1.70 
1.70 
1.70 
1.70 
1.70 
1.70 
1.70 
1.70 
1.70 
1.70 
1.70 
1.70 
1.60 
1.60 

1.60 
1.60 
1.60 
1.60 
1.60 
1.60 
1.60 
1.60 
1.60 
1.60 
1.60 
1.60 
1.60 
1.60 
1.60 
1.60 
1.60 
1.60 
1.60 
1.60 
1.60 
1.60 
1.80 
1.60 
1.60 
1.60 
1.60 
1.60 
1.60 
1.60 

1.60 
1.60 
1.60 
1.60 
1.60 
1.60 
1.60 
1.60 
1.60 
1.60 
1.60 
1.60 
1.60 
1.60 
1.60 
1.60 
1.60 
1.60 
1.60 
1.60 
1.60 
1.60 
1.60 
1  60 
1.60 
1.60 
1.70 
1.70 
1.70 
1.70 
1.70 

1.70 
1.70 
1.70 
1.80 
1.80 
1.80 
1.80 
1.80 
1.80 
1.80 
1.70 
1.70 
1.70 
1.70 
1.70 
1.70 
1.80 
1.80 
1.80 
1.90 
1.90 
1.90 
1.90 
1.90 
1.90 
2.60 
2.60 
2.60 
2.60 
3.60 

2.60 
1.90 
1.90 
1.90 
1.90 

8 

4 

6 

6 

7 

4.80  1  2.70 
5. 05     2.  70 
5. 15     2.  fiO 

8.. 

9 

! 

10 

11 

12 

5.45 
5.60 
5.50 
5.35 
5.20 
5.10 
5.00 
5.00 
4.90 
4.80 
4.80 
4.70 
4.60 
4.50 
4.50 
4.40 
4.30 
4.20 
4.05 
3.85 
3.70 

2.60 
2.50 
2.50 
2.40 
2.40 
2.40 
2.30 
2.30 
2.20 
2.20 
2.20 
2.20 
2.10 
2.10 
2.10 
2.10 
2.10 
2.10 
2.10 
2.10 
2.10 
2.10 

........| 

13 

14 

15 

16 

1.86 

17 

18 

19 

1 

20 

1 

21 

22 

23 

24 

25 

"i.*86"; 
1 

1 

26 

27 

38 

29 

30 

31 

DiVS.] 


GAGE   HEIGHTS   IN   INTERIOB   BASIN. 
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Bear  Biver  at  Collin»ton,  Utah, 


Day. 

Jan. 

Feb. 

Mar. 

1 

1.70 
1.70 
1.70 
).70 
1.70 
1.70 
1.70 
1.70 
1.70 
1.70 
1.70 
1.70 
1.70 
1.70 
1.70 
1.70 
1.70 
1.70 
1.70 
1.70 
1.70 
1.70 
1.90 
2.00 
2.10 
2.20 
2.30 
2.40 
2.70 
2.90 

1 

1.90 
1.90 
1.90 
1,95 
I'OO 
1.90 
1.90 
1.90 
1.90 
1.90 
1.90 
1.90 
1.90 
2.00 
2.00 
2.00 
2.10 
2.10 
2.20 
2.30 
2.80 
2.20 
2.10 
2.00 
2.00 
1.70 
1.70 
1.70 
1.70 
1.70 
1.70 

1.80 
1.80 
1.80 
1.70 
1.70 
1.70 
1.70 
1.70 
1.70 
1.70 
1.70 
1.70 
1.70 
1.70 
1.70 
1.70 
1.70 
1.70 
1.70 
1.70 
1.70 
1.70 
1.70 
1.70 
1.70 
1.70 
1.70 
1.70 
1.70 

2 

3 

4 

5 

>  6 

7 

8.::::::: 

9 

10 

11 

12 

13 

14 

15 

16 

'  17 :::..... 

18 

20 

22 

23 

Si 

25 

26 

28 

28 

ao 

3.00 

Apr. 


3.20 
3.80 
3.10 
3.00 
3.00 
3.10 
3.10 
8.20 
3.30 
3.30 
3.30 
3.40 
3.40 
3.50 
8.50 
3.50 
3.50 
3.60 
3.35 
3.25 
3.15 
8.10 
3.10 
3.20 
3.20 
3.10 
3.30 
3.40 
3.40 
3.50 


May. 


3.60 
3.60 
3.75 
3.75 
3.85 
3.95 
4.00 
4.00 
4.10 
4.10 
4.00 
3.95 
3.80 
3.75 
3.60 
3.60 
3.60 
3.50 
3.50 
3.40 
3.40 
3.40 
3.40 
3.65 
3.90 
4.10 
4  45 
4.65 
4.85 
4.95 
5.20 


July. 


5.60 
5.90 
5.90 
6.05 
6.15 
6.30 
6.30 
6.20 
6.30 
6.40 
6.40 
6.40 
6.40 
6.55 
6.55 
6.30 
6.00 
5.90 
6.80 
5.70 
6.60 
5.50 
5.40 
5.35 
5.20 
5.10 
4.80 
4.80 
4.60 
4.40 


4.15 
3.95 
3.75 
3.55 
3.40 
3.20 
3.10 
.1.00 
2.90 
2.80 
2.70 
2.70 
2.60 
2.55 
2.50 
2.50 
2.50 
2,50 
2.60 
2.40 
2.30 
2.20 
2.20 
2.10 
2.20 
2.25 
2.30 
2.25 
2.20 
2.20 
2.20 


Aug. 

Sept. 

Oct. 

2.30 

1.60 

2.00 

2.30 

1.80 

1.95 

2.30 

1.80 

1.95 

2.30 

1.80 

1.95 

2.30 

1.80 

1.95 

2.20 

1.80 

1.90 

2.20 

1.75 

1.90 

2.20 

1.75 

1.90 

2.10 

1.80 

1.90 

2.00 

1.80 

1.90 

2.00 

1.80 

1.90 

1.95 

1.80 

1.90 

1.90 

1.85 

1.90 

1.85 

1.90 

1.90 

1.80 

1.90 

1.90 

1.80 

1.85 

1.90 

1.75 

1.85 

1.90 

1.70 

1.85 

1.90 

1.70 

1.80 

1.90 

1.76 

1.80 

1.90 

1.80 

1.80 

1.90 

1.90 

1.85 

1.90 

1.90 

1.90 

1.90 

1.85 

1.90 

1.90 

1.80 

1.90 

1.90 

1.85 

1.95 

1.90 

1.85 

1.95 

1.90 

1.90 

1.95 

2.00 

1.90 

2.00 

2.00 

1.85 

2.00 

2.00 

1.80 

2t00 

2.00 
2.00 
2.00 
2.00 
2.05 
2.05 
2.05 
2.05 
2.05 
2.10 
2.15 
2.20 
2.10 
2.00 
2.00 
2.00 
2.05 
2.10 
2.10 
2.10 
2.10 
2.15 
2.20 
2.25 
2.30 
2.30 
2.30 
2.30 


2.30 


2.30 
'2.26' 


2.20 
'2.66' 


2.20 


2.20 


Logan  Biver  at  Logan f  Utah. 


Day. 

June. 

July. 

Aug. 

3.10 
3.10 
3.10 
3.10 
3.05 
3.05 
3.05 
3.00 
2.95 
2.95 
2.95 
2.95 
2.95 
2.90 
2.90 
2.90 
2.90 
2.90 
2.90 
3.00 
3.00 
3.00 
2.05 
2.90 
2.90 
2.85 
2.85 
2.85 
2.85 
2  85 
2.85 

Sept. 

Oct. 

Kov. 

Dec. 

1 

4.80 

3.86 
3.80 
8.75 
3.70 
8.75 
3.75 
3.70 
3.65 
8.60 
3.55 
3.55 
3.50 
3.55 
3.50 
3.45 
3.45 
3.40 
3.40 
3.35 
3.30 
3.30 
3.25 
3.25 
3.25 
3.20 
3.20 
3.15 
3.15 
3.15 
3.15 
3.10 

2.80 
2.80 
2.80 
2.80 
2.80 
2.75 
2.75 
2.80 
2.75 
2.75 
2.75 
2.75 
2.75 
2.75 
2.75 
2.75 
2.75 
2.70 
2.75 
2.75 
2.75 
2.75 
2.75 
2.75 
2.75 
2.75 
2.75 
2.70 
2.70 
2.70 

2.70 
2.70 
2.70 
2.70 
2.70 
2.70 
2.70 
2.70 
2.70 
2.65 
2.65 
2.65 
2.65 
2.65 
2.65 
2.65 
2.65 
2.65 
2  65 
2.65 
2.65 
2.65 
2.65 
2.65 
2.65 
2.65 
2.65 
2.65 
2.60 
2.60 
2.60 

2.65 
2.60 
2.60 
2.60 
2.60 
2.60 
2.55 
2.60 
2.70 
2.65 
2.60 
2.60 
2.60 
2.60 
2.55 
2.55 
2.55 
2.55 
2.55 
2.55 
2.55 
2.55 
2.55 
2.55 
2.55 
2.55 
2.55 
2.40 
2.55 
2.55 

2.60 
2.66 
2.55 
2.56 
2.55 
2.55 
2.50 
2.55 

'2.45' 
........ 

'2.' 45" 

2 

3:::      :::: 

4 

4.70 

5 

6 

4.90 

,    7 

8 

9 

4.70 
4.70 

10 

11 

12 

4.65 
4.60 
4.60 
4.60 
4.65 
4.65 
4.65 
4.55 
4.55 
4.45 
4.40 
4.30 
4.25 
4.15 
4.10 
4.05 
4.00 
3.90 
3.85 

13 

14 

15 

16 

17 

18 

1 19::::  :::.::: 

20 

21 

22 

23 

24 

25.              

26 

27 

28....*.'1 

29 

30 

31 
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KIVER   HEIGHTS   FOR   1896. 


[NO.  11. 


Ogden  Biver  at  Eden,  Utah. 


Day. 

Jan. 

Feb. 

Mar. 

Apr. 

May. 

Jnne.  July. 

Aug. 

Sept. 

Oct. 

Nov. 

Dec. 

1 

2 

1.48 
1.49 
1.54 
1.54 
1.52 
1.50 
1.40 
1.43 
1.45 
1.44 
1.45 
1.45 
1.45 
1.45 
1.46 
1.48 
1.54 
1.60 
1.71 
1.69 
1.80 
2.00 
1.85 
1.80 
1.73 
1.73 
1.71 
1.70 
1.68 
1.68 
1.67 

1,67 
1.67 
1.64 
1.62 
1.62 
1  62 
1.63 
1.67 
1.70 
1.70 
1.70 
1.69 
1.69 
1.67 
1.64 
1.63 
1.61 
1.61 
L61 
1.62 
1.62 
1.62 
1.63 
1.63 
1.64 
1.64 
1.65 
1.70 
1.70 

1.70 
1.70 
1.68 

3.11 
3.*  15* 

5.50 
5.90 
5.90 
6.20 
7.00 
7.50 
•6.80 
6.40 
6.70 
6.30 
5.80 
6.20 
5.65 
5.45 
5.20 
4.80 
4.85 
4.65 
4.60 
4.50 
4.70 
5.60 
7.30 
8.60 
8.50 
9.20 
10.00 
10.50 
10.50 
11.20 
11.00 

10.30 
10.20 
10.20 
9.70 
8.90 
8.60 
8.00 
7.50 
6.90 
6.70 
6.00 
5.50 
5.2U 
4.90 
4.70 
4.40 
4.10 
4.00 
3.80 
3.50 
3.25 
3.15 
2.90 
2.70 
2.55 
2.55 
2.88 
2.48 
2.38 
2.30 

2.35 
2.25 
2.20 
2.20 
2.19 
2.13 
2.15 
2.00 
1.90 
1.93 
1.90 
1.89 
1.95 
2.00 
2.10 
2.00 
2.00 
1.95 
1.90 
1.85 
1.85 
1.85 
1.85 
1.85 
1.85 
1.85 
1.80 
1.78 
1.75 
1.80 
1.90 

1.85 
1.80 
1.80 
1.80 
1.79 
1.75 
1.73 
1.70 
1.69 
1.65 
1.03 
1.63 
1.62 
1.60 
1.60 
1.60 
1.60 
1.60 
1.57 
1.64 
1.61 
1.63 
1.63 
1.63 
1.63 
1.62 
1.62 
1.61 
1.62 
1.62 
1.61 

1.61 
1.60 
1.60 
1.60 
1.60 
1.61 
1.61 
1.62 
1.64 
1.64 
1.65 
1.65 
1.65 
1.65 
1.64 
1.64 
1.63 
1.60 
1.60 
1.60 
1.60 
1.61 
1.63 
1.62 
1.61 
1.61 
1.60 
1.60 
1.61 
1.61 

1.61 
1.60 
1.60 
A.  60 
1.60 
1.60 
1.60 
1.60 
1.60 
1.60 
1.60 
1.60 
1.60 
1.60 
1.60 
1.60 
1.60 
1.60 
1.60 
1.60 
1.60 
1.60 
1.60 
1.60 
1.60 
1.60 
1.61 
1.62 
1.62 
1.62 
1.62 

1.62 
1.63 
1.63 
1.63 

"i*6o"* 

3 

4 

5 

1.65 

'3.*  60* 

1.68    

1.63    " 

6 

7 

1.63 
1.63 
2.45 
2.00 
1.83 
1.80 
1.78 
1.77 
1.70 
1.71 
1.73 
1.77 
1.76 
1.75 
1.75 

"'i.60" 
"i.w"* 

8 

1.65 

4.00 

9 

10 

11 

12 

1.66 

*3.'80* 

13 

14 

1.65 

8.50 

15 

16 

17 

1.67 

i'si" 

2.' so' 

4."  50* 

7.60 

5.70 

4.*  is" 

5.30 
5.20 
4.80 
4.50 
4.35 
4.50 
4.40 
4.50 
5.20 
6.20 
6.50 
5.60 
5.40 
6.10 

18 

19 

20 

21 

22 

28 

24 

1.60 

25 

26 

27 

28 

1 

29 

1.50 
1.50 

*2.'60* 

80 

81 

•••--• 

Weher  River  at  Uintaj  Utah, 


Day. 

Jan. 

Feb. 

Mar. 

Apr. 

1 

1.60 

1.70 

1.70 

2.10 

2 

1.70 

1.70 

1.70 

2.26 

3 

1.70 

1.70 

1.70 

2.35 

4 

1.70 

1.70 

1.70 

2.45 

6 

1.70 

1.70 

1.70 

2.55 

6 

1.70 

1.70 

1.70 

2.65 

7 

1.70 

1.70 

1.70 

2.85 

8 

1.70 

1.70 

1.70 

2.95 

9 

1.70 

1.70 

1.70 

3.00 

10 

1.70 

1.70 

1.70 

2.85 

11 

1.70 

1.70 

1.70 

2.65 

12 

1.70 

1.70 

1.70 

2.60 

13 

1.70 

1.70 

1.80 

4.10 

14 

1.70 

1.70 

1.90 

4.40 

15 

1.70 

1.70 

1.90 

4.40 

16 

1.70 

1.70 

2.00 

3.55 

17 

1.70 

1.70 

2.15 

3.10 

18 

1.70 

1.70 

2.30 

2.55 

19 

1.70 

1.70 

2.55 

2.65 

20 

1.70 

1.70 

2.75 

2.70 

21 

1.70 

1.70 

2.90 

2.80 

22 

1.70 

1.70 

3.10 

2.85 

23 

1.70 

1.70 

3.25 

2.60 

24 

1.70 

1.70 

2.95 

2.60 

25 

1.70 

1.70 

2.90 

2.60 

i    26 

1.70 

1.70 

2.75 

2.75 

'    27 

1.70 

1.70 

2. 65     2. 95 

28 

1.70 

1.70 

2. 55  1  3. 15 

29 

1.70 

1.70 

2.  45  1  8. 35 

30 

1.70 

2. 45  1  3. 50 

31 

1.70 

2.40 

May. 


3.40 
3.30 
3.36 
3.65 
3.90 
4.55 
4.45 
4.40 
4.30 
2.96 
2.85 
3.55 
3.60 
3.35 
2.95 
8.Q0 
2.80 
2.80 
2.70 
2.70 
2.85 
2.90 
2.90 
4.85 
5.70 
6.50 
6.95 
7.95 
8.10 
8.20 
8.80 


Jnne. 

July. 

Aug. 

8.75 

2.00 

1.86 

8.50 

1.98 

1.90 

7.80 

1.86 

1.90 

7.30 

1.78 

1.80 

7.05 

1.71 

1.70 

6.70 

1.71 

1.60 

5.75 

1.71 

1.60 

5.95 

1.71 

1.50 

6.25 

1.64 

1.40 

5.90 

1.57 

1.30 

5.50 

1.49 

1.20 

5.15 

1.49 

1.10 

4.75 

1.49 

1. 10 

4.65 

1.71 

1.00 

1  4.40 

1.64 

1.00 

i  3.75 

1.49 

1.00 

!  3.19 

1.49 

1.00 

1  3.10 

1.49 

1.00 

;  3.10 

1.93 

1. 00 

!  3.01 

2.00 

1.00 

1  2.84 

2.00 

1.00 

1  2.66 

2.00 

1.00 

i  2.57 

2.00 

a1.30 

2.48 

2.00 

1.30 

2.48 

1.93 

1.80 

,  2.66 

1.93 

1.30 

2.22 

1.93 

1.30 

1  2.22 

1.86 

1.30 

'  2.14 

1.86 

1.30 

:  2.07 

1.86 

1.30 

1.86 

1.30 

Sept. 

Oct. 

1 

1 

1.80 

1.40 

1.30 

1.40 

1.80 

1.40 

1.30 

1.40 

1.30 

1.40 

1.80 

1.40 

1.30 

1.40 

1.80 

1.40 

1.80 

1.40 

1.30 

1.40 

1.30 

1.40 

1.30 

1.40 

1.30 

1.40 

1,30 

1.40 

1.30 

1.40 

1.30 

1.40 

1.30 

1.40 

1.30 

1.60 

1.30 

1.60 

1.30 

1.60 

1.30 

1.60 

1.30 

1.60 

1.30 

1.60 

1.30 

1.60 

1.30 

1.60 

1.30 

1.60 

1.30 

1.60 

1.40 

1.60 

1.40 

1.60 

1.40 

1.60 

1.60 

Nov. 

Dec. 

1.60 

1.70 

1.80 

1.80 

1.80 

1.70 

1.80 

1.80 

1.90 

1.70 

2.00 

2.00 

2.00 

2.00 

1.70 

2.00 

2.00 

1.60 

1.90 

•- , 

1.80 

1.70 

1.70 

1.60 

1.70 

1.70 

1.70 

1.70 

1.70 

1.70 

1.50 

1.80 

1.80 

1.70 

1.70 

.•••••-- 

1.70 

1.50 

1.70 

a  New  gage  put  in  August  23. 
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Provo  River  at  Provo  Canyon,  Utah, 


Day. 

Jan. 

Feb 

Mar. 

Apr. 

j 
May. '  June. 

July. 

Aug 

Sept. 

Oct. 

4.30 
4.30 
4.80 
4.30 
4.80 
4.30 
4.80 
4.30 
4.30 
4.30 
4.30 
4.30 
4.30 
4.30 
4.80 
4.30 
4.30 
4.30 
4.30 
4.30 
4.30 
4.80 
4.30 
4.30 
4.80 
4.80 
4.30 
4.30 
4.30 
4.30 
4.30 

Not. 

Dec. 

1 

4.20 
4.10 
4.10 
4.10 
4.20 
4.20 
4.20 
4.20 
4.20 
4.20 
4.20 
4.20 
4.20 
4.20 
4.20 
4.20 
4.30 
4.30 
4.40 
4.40 
4.50 
4.50 
4.40 
4.30 
4.30 
4.30 
4.30 
4.30 
4.30 
4.30 
4.80 

4.30 
4.20 
4.20 
4.20 
4.20 
4.20 
4.20 

4.20 
4.20 
4.20 
4.20 
4.20 
4.20 
4.20 

4.50 
4.50 
4.50 
4.50 
4.50 
4.50 
4.50 
4.60 
4.40 
4.40 
4.30 
5.30 
5.80 
5.90 
5.80 
6.80 
4.70 
4.70 
4.60 
4.60 
4.00 
4.60 
4.60 
4.60 
4.60 
4.70 
4.70 
4.70 
4.70 
4.80 

4.80 
4.80 
4.80 
4.90 
6.00 
6.20 
6.40 
5.40 
5.60 
5.30 
5.30 
5.20 
5.20 
4.90 
4.70 
4.70 
4.70 
4.70 
4.70 
4.70 
4.70 
4.70 
4.70 
5.00 
5.60 
6.00 
6.20 
6.50 
7.00 
7.80 
8.50 

7.30 
7.30 
7.80 
7.60 
7.80 
6.00 
6.90 
6.00 
6.80 
6.80 
6.60 
6.50 
6.60 
6.20 
6.00 
5.80 
6.60 
5.00 
4.80 
4.60 
4.60 
4.90 
4.80 
4.80 
4.70 
4.60 
4.60 
4.60 
4.60 
4.60 

4.50 
4.40 
4.30 
4.30 
4.30 
4.30 
4.30 
4.20 
4.20 
4.20 
4.20 
4.20 
4.20 
4.20 
4.30 
4.30 
4.80 
4.30 
4.20 
4.20 
4.80 
4.90 
4.80 
4.70 
4.50 
4.50 
4.50 
4.50 
4.60 
4.50 
4.60 

4.40 
4.40 
4.40 
4.30 
4.30 
4.30 
4.20 
4.20 
4.20 
4.20 
4.20 
4.20 
4.20 
4.20 
4.20 
4.20 
4.20 
4.20 
4.20 
4.20 
4.20 
4.20 
4.20 
4.20 
4.20 
4.20 
4.20 
4.20 
4.20 
4.20 
4.20 

4.20 
4.20 
4.20 
4.20 
4.20 
4.20 
4.20 
4.20 
4.20 
4.20 
4.20 
4.20 
4.20 
4.20 
4.20 
4.20 
4.20 
4.20 
4.20 
4.30 
4.30 
4.30 
4.80 
4.30 
4.30 
4.30 
4.30 
4.30 
4.80 
4.30 

«  •  •        •  a 

4.30 
4.80 
4.30 
4.30 
4.30 
4.30 
4.30 
4.60 
4.60 
4.60 
4.60 
4.60 
4.50 
4.50 
4.40 
4.40 
4.40 
4.40 
4.40 
4.40 
4.40 
4.60 
4.60 
4.60 
4.50 
4.50 
4.40 
4.40 

"i'io"' 

"4.46"' 
'4.' 46"" 

2 

3 

4 

5 

6 

7 

8 

9 

10 

4.20  ;  4.20 
4. 20     4. 90 
4.20     4.20 
4. 20     4. 20 
4.20.    4.20 
4.80     4.20 
4.30     4.20 
4.30     4.30 
4.20  14.30 
4. 20     4. 30 
4.20  j  4.40 
4. 20  1  4. 40 
4.20     4.40 
4.20     4.50 
4.20     4.60 
4. 20  '  4. 60 

11 

12 

13 

14 

15 

16 

18 

19 

20 

21 

22 

23 

24 

4.20 
4.20 
4.20 
4.20 
4.20 
4.20 

4.60 
4.70 
4.70 
4.80 
4.90 
4.60 
4.60 
4.60 

25 

28 

27 

28 

29 

30 

81 

Porineuf  Birer  at  McCammanf  Idaho, 


1 , 

Apr. 

May. 

June. 

July.' 

Day. 

Apr. 

May. 

June. 

July. 

Day. 

Apr. 

May. 

June.  July. 

8.80 
3.50 
3.60 
3.68 
3.63 
3.83 
3.02 
3.83 
3.92 
3.92 
3.92 

4.60 
4.60 
4.46 
4.42 
4.50 
4.42 
4.42 
4.25 
4.25 
4.26 
4.25 

8.26 
3.08 
3.08 
3.00 
3.00 
3.00 
2.92 
2.92 
2.88 
2.88 
2.88 

12.. 

8.83 
8.75 
8.76 
8.58 
8.58 
3.50 
3.50 
3.60 
8.54 
3.64 
3.50 

4.17 
4.08 
4.06 
4.00 
4.00 
4.04 
4.00 
4.00 
8.92 
3.83 
3.83 

8.00 
2.98 
3.00 
8.00 
3.00 
3.00 
8.00 

28.. 
24.. 
26.. 
26.. 
27.. 
28.. 
29.. 
80.. 
31.. 

8.46 
8.50 
8.60 
3.50 
3.46 
8.58 
3.58 
3.50 

8.60 
8.83 
4.00 
4.08 
4.17 
4.25 
4.25 
4.29 
4.50 

3.68 
8.68 
8.64 
3.50 
3.46 
3.42 
3.33 
3.25 

2 . 

18.. 

3. 

14.. 
15.. 
16.. 
17.. 
18.. 
19.. 
20.. 
21.. 
22.. 

8.50 
8.67 
3.67 
3.67 
8.60 
3.50 
3.50 
3.50 
3.46 

4. 

5. 

6.. 
7.. 

8. 

9  , 

10. 

11. 

Malad  River  at  Taponie,  Idaho, 


% 

June. 

July. 

Aug. 

Sept. 

Day. 

1 

June. 

July. 

Aug. 

Sept. 

Day. 

June. 

July. 

Ang. 

Sept. 

1.80 

!  12.. 

14.. 
15.. 

8.00 
8.60 

23.. 
24.. 
25.. 

8.60 

0.40 

7.30 

5.60 

1.80 

i.'io* " 

7.67 

i'so" 

2.30 

1.60 

9.60 

16.. 
17.. 

8.80 

26.. 
28.. 
29.. 

7.60 
7.40 

6.40 

2.20 

i.'To" 

6.25 

8.50 

18.. 

2.00 

1.80 

1.90 

10"* 

7.80 

19.. 
21.. 
22.. 

9.60 
8.80 

80.. 
31.. 

7.40 

t 
|_- 

6.20 

7.17 

9.00 

11. 

2.00 

1.70 

1.80 

^ 

1 

80 
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Snake  Biver  at  Mantgamerya  Ferry,  Idaho. 


Day. 

Apr. 

May. 

June. 

1 

3.80 
3.80 
3.80 
3.80 
4.00 
4.10 
4.30 
4.85 
5.35 
5.40 
5.40 

9.25 

2 

9.80 

3 

10.05 

4 



10.25 

5 

3.20 
2.95 
2.75 
2.70 
2.60 
2.65 
2.70 
2.80 
2.85 
2.90 
3.00 
2.90 
3.05 
3.20 
3.20 
3.16 
2.95 
2.85 
2.80 
2.80 
2.80 
2.85 
2.90 
2.95 
3.25 
3.65 

10.50 

6 

10.75 

7 

11.00 

8 

11.00 

0 

10.95 

10 

10.65 

11 

10.  RO 

12 

5.40  :     10.70 

13 

5.30  i     11.10 

14 

5.20       11.45 

15 

5.05  ^    11.65 

5.00  ;     11.75 

17 

4.90       11.80 

4.85  ;    11.85 

19 

4.80  i    11.05 

4.70 
4.60 
4.50 

12.10 

21 

12.20 

12.2.<i 

23 

4.50       12.30 

4.90 
5.30 
5.85 
6.45 
6.80 
7.25 
7.90 

12.10 

25 

11.80 

26 

11.35 

27 

10.90 

10.35 

29 

0.90 

D..U 

31 

8.60  I 

July. 

Aug. 
3.95 

Sept. 

Oct. 

9.20 

2.75 

2.70 

8.00 

3.90 

2.70 

2.70 

8.65 

3.85 

2.70 

2.70 

8.50 

3.70 

2.70 

2.70 

8.35 

3.60 

2.70 

2.70 

R.15 

3.50 

2.70 

2.70 

7.90 

3.50 

2.70 

2.70 

7.65 

3.40 

2.70 

2.70 

7.45 

3.35 

2.70 

2.70 

7.20 

3.25 

2.65 

2.70 

6.95 

3.15 

2.65 

2.70 

6.75 

3.10 

2.70 

2.70 

6.55 

3.10 

2.70 

2.70 

6.50 

3.10 

2.70 

2.70 

0.45 

3.00 

2.70 

2.70 

6.55 

2.90 

2.70 

2.70 

6.60 

2.90 

2.70 

2.70 

0.50 

2.80 

2.70 

2.70 

6.45 

2.80 

2.70 

2.70 

6.25 

2.80 

2.70 

2.70 

6.05 

2.80 

2.70 

2.70 

5.75 

2.80 

2.70 

2.70 

5.55 

2.80 

2.70 

2.70 

6.35 

2.80 

2.70 

a.  70 

5.10 

2.90 
2.90 
2.80 
2.80 
2.80 
2.80 
2.80 

2.70 
2.70 
2.70 
2.70 
2.80 
2.75 

4.85 

4.75 

4.55 

4.35 

4.20 

4.05 

Little  Camas  Creek  at  Little  Camae  Storey  Idaho, 


Day. 


1... 
2.. 
3... 
4.., 

5... 

6... 

7... 

8... 

9... 
10... 
11... 
12.- 
13... 
14.. 
15... 
16.. 
17.. 
18.. 
19... 
20... 
21.. 
22... 
23... 
24... 
25.. 
20... 
27.. 
28... 
29.. 
30... 
31.. 


March. 


9     • 


S      «      H 


©5 


2.50  2 
2. 40  2 
2. 30  2 


April. 


70  2. 50 
00  2.40 
40  2. 30 


.d 
ti 

•mm 

9 

9 

at 

o 


1.20 
1.10 
1.20 
1.40 
1. 30 
1.40' 
1.40 
1.20 
1.00 
1.00, 
1.40' 
1.30 
1.00 
1.30 
1.20 
1.20 
1.30 
1.20, 
1.301 
1.40 
1.40 
1.40' 

i.sol 

1.50 
1.50 
1.541 
1.00 
1.50 
L.-iO 
1.50 


ft 

9 

be 


to 

9 


C4 

1.30 
1.20 
1.30 
1.80 
1.50 
1.60 
1.60 
1.40 
1.10 
1.10 
1.30 
1.40 
2. 501 
2.00; 
1.80; 
1.60 
l.HO 
1.50 
1.40 
1.40 
1.40 
1.40 
1  30 
1.30 
1.30 
1.40 
1.50 
1.4U 
1.50 
1.40 


May. 


June. 


July. 


be 

•mm 

9 


ce 


1.00 
.90 
1.00 
1.10 
1.10 
1.20 
1.20 
1.00 
.80 
.80 
1.00 
1.10 
1.50 
1.201 
1.30 
1. 20 
1.30: 
1.20 
1.20 
1.30 
1.20 
1.30 
1.10 
1.10 
1.10 
1.30 
1.40 
1.20 
1.30 
1.20 


1.00 
1.50 
1.00 
1.00 
1.50 
1.40 
1.40 
1.40 
1.40 
1.50 
1.00 
1.40 
1.30 
1.30 
1.30 
1.30 
1.40 
1.40 
1.40 
1.40 
1.40 
1.40 
1.50 
1.60 
1.00 
1.70 
1.70 
1.00 
1.60 
l.J»0 
l.HO 


ft 

9 

9 
f 


d 


bc 

9 
& 


••a 

.d 
"S 

9 

OS 


CO  i-i 


.d 
bO 

9 


04 


1.50 
1.40 
1.00 
1.70 
1.00 
1.50 
1.50 
1.50 
1.50 
1.40 
1.70 
1.40 
1.30 
1.20! 
1.20 
1.20 
1.20 
1.20 
1.20 
1.20' 

i.2o; 

1.30 
1.40 
1.50 
1.70 
1.70 
1.70 

i.7o; 

1.80, 
2.  lo' 
1.90 


1. 30, 
1.201 
1.40 
1.50 
1.40 

i.so; 

1.30 
1.30 
1.30 
1.20 
1  40 
1.20 
1.10 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
.90 
.90 
1.00 
1.10 
1.30 
1.30 
1.30 

l.:io 

1.20 
1.30 
1.30 
1.30 


1.70 
1.70' 
1.70 
1.70 
1.70 
1.00 
1.50, 

i.4o; 

1.401 

1.40 

1.40 

1.30 

1.30 

1.30 

1.20 

1.10 

1.10 

.90 

.90 

.90 

.90 

.90 

.90 

.90 

.8o; 

.80 
.80 
.70, 
.70| 

.70 


9 


CO 


1. 

n 

2. 

1. 
1. 
1. 
1. 
1. 
1. 
1. 
1. 
1. 
1. 
1. 
1. 
1. 
1. 
1. 
1. 


901.30 
901.30 
001.40 
001.40 
901.40 


70 
60 


.d 

9 

to 

m 


0. 


.d 

Mi* 

9 

o 


C4 


00 
80 
80 
80 
70 


60    .40 
60    .40 


70  0. 6O0. 
60|  .50 
60   .50 
60   .50 


1.20 
1.10 

501.10 

501.10 

50;i.l0;  . 

501.10   . 

401.00   . 

301.00   . 

301.00;  . 

301.00    . 

20i  .90    . 

20;  .90    . 

10     .80:    . 

10   .80   . 

OO;  .70i  . 

90;  .80'  . 

90   .80!  . 

90  .80 
.80 
.70 
.70 
.70 
.50 


60 
60 
70 
70 


.40 
.40 
.40 
.40 
70  .30 
70;  .30 
70   .30 
70;  .30l  . 
70    .30'  . 
70    .30|  . 
70   .30 
70   .30 


70 
70 
70 
70 
70 
70 
70 
60 
60 
60 
00 
60 
00 
60 
60 


•a 


CO 


.30 
.30 
.30 
.30 
.30 
.30 
.30 
.30 
.30 
.30 
.30 
.30 
.30 
.30 
.30!  . 


August. 


ja 

•mm 
9 

& 

m 

o 


40 

30 

30 

30 

30 

30 

30 

30 

30 

30   . 

30   . 

30   . 

30   . 

30    . 

2o;  . 

20.. 
20.. 
20.. 
20.. 
30;.. 
30j.. 
301.. 
30L. 
30;.. 
30,.. 
30.. 
30i.. 
30'.. 
30,.. 
30'.. 
30!   . 


0.60 


ft 

9 

I 


9 

J3 

9 


n 


00 

40 
40 


0. 30  0. 


.301  . 

.20'  . 

.20i  . 
30  .20  . 
so:  .20 
20   .10 


20 
10 
10 
10 
10 
10 
10 
10 


.10 
.20 
.20 
.20 
.20 
.20 
.20 
.20 


30 
30 
30 
30 
10 
10 

to 
ao 

30 
30 
30 
30 
30 
30 
30 
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LitiU  Wood  Eivor  at  Taponie,  Idaho. 


Day. 
1.. 

Jime. 

July. 

Aug. 

Sept. 

Day. 

June. 

July. 

Aug. 

Sept 

1 

Day. 

June. 

July.   Aug. 

1 

Sept. 

L50 

11.. 

1.20 

1.33 

22.. 

1 

2.58 

2.. 
3.. 

6.90 

12.. 
14.. 
15.. 

6.40 
6.40 

23.. 
24.. 

6.40 

4.40 

4.30 

1.20 

2.17  " 

6.67    

4.. 

i.ao 

2.08 

25.. 

2.67 

5.. 

m 
i.. 

7.10 

16.. 
17.. 

6.70 

26.. 
28.. 
29.. 

6.20 
6.30 

8.90 

1.00 

'i.33"' 

4.60 

6.33    

8.. 

18.. 

1.20 

2.33 



2.76 

10 

6.40 

J9.. 
21.. 

6.90 
6.70 

30.. 
31.. 

4.10 

4.30 

5.00 

7.i7  .!.... 



Bruneau  Biver  at  Owyhee,  Idaho, 


D.J. 

Jan. 

Feb. 

1 

1.65 

1.75 

a 

1.95 

1.75 

3 

1.65 

1.75 

4 

1.65 

1.75 

5 

1.60 

1.75 

6 

1.60 

1.76 

7 

1.60 

1.75 

8 

1.65 

1.75 

9 

1.65 

1.70 

10 

1.65 

1.70 

11 

1.65 

1.70 

12 

1.65 

1.70 

13 

1.65 

1.70 

14 

1.65 

1.70 

15 

1.66 

1.70 

16 

1.65 

1.70 

Mar. 


1.75 
1.75 
1.75 
1.75 
1.75 
1.80 
1.80 
1.80 
1.80 
1.80 
1.75 
1.75 
1.75 
1.75 
1.75 
1.75 


2.45 

2.40 
2.40 
2.35 
2.35 
2.35 
2.40 
2.55 
2.60 
2.65 
2.65 
2.55 
2.40 
2.80 
8.85 
3.60 


May. 

1 
Jjane. 

Day. 

Jan. 

Feb. 

Mar. 

Apr. 

May. 

2.90 

6.40 

• 
17 

1.65 

1.60 

1.75 

3.20 

2.80 

2.90 

6.70 

18 

1.70 

1.60 

1.75 

3.00 

2.70 

2.95 

6.00 

19 

1.70 

1.65 

1.75 

2.90 

2.66 

2.90 

5.90 

20 

1.75 

1.65 

1.80 

2.85 

2.60 

2.90 

5.35 

21 

1.76 

1.70 

1.80 

2.75 

2.60 

3.30 

5.00 

22 

1.75 

1.70 

1.95 

2.75 

2.60 

3.25 

4.95 

23 

1.75 

1.70 

2.40 

2.90 

2.60 

3.20 

4.80 

24 

1.75 

1.70 

2.45 

2.90 

2.90 

3.15 

4.70 

25 

1.75 

1.70 

2.75 

2.90 

2.95 

3.00 

5.00 

26 

1.76 

1.70 

3.20 

2.90 

3.20 

3.00 

5.20 

27 

1.75 

1.70 

3.35 

3.00 

8.80 

3. 00  ;  4. 90    , 

28 

1.75 

1.70 

3.55 

3.15 

4.00 

3.16 

4.65    t 

29 

1.75 

1.70 

3.35 

3.00 

4.60 

3.00 

4.60     , 

30 

1.75 

3.00 

2.90 

6.30 

2.95 

4.65 

31 

1.75 

2.85 

6.00 

2.95 

4.60    : 

i 

« 

4.70 
4.60 
4.60 
4.30 
4.20 
4.00 
3.80 
3.70 
3.60 
3.45 
3.35 
3.30 
3.20 
8.15 


Boiae  Biver  at  Boiee,  Idaho, 


Day. 

Jan. 

Feb. 

2.70 
2.40 

Mar. 

Apr. 

4.40 
3.90 
3.80 
3.80 
3.90 
3.90 
4.60 
4.80 
4.40 
5.00 
4.50 
4.50 
5.70 
6.70 
5.80 
5.50 
5.40 
5.00 
4.80 
4.50 
4.40 
6.00 
5.10 
5.10 
5.40 
6.80 
5.30 
6.20 
5.30 
5.10 

May. 

5.30 
6.00 
5.30 
6.00 
6.00 
5.60 
.'».  70 
5.80 
5.  GO 
5.40 
5.50 
5.40 
5.20 
5.00 
5.00 
5.00 
4.90 
4.80 
4.70 
4.70 
4.60 
5.00 
5.80 
6.70 
7.00 
7.40 
7.40 
8.00 
8  10 
8.60 
9.60 

June.  July. 

Aug. 

3.30 
3.00 
3.30 
2.90 
2.80 
2.80 
2.70 
2.70 
2.70 
2.00 
2.00 
2.40 
2.30 
2.20 
2.20 
2.20 
2.20 
2.00 
2.00 
1.90 
1.90 
1.80 
1.90 
1.90 
1.80 
1.90 
1.80 
1.90 
1.90 
2.00 
2.20 

Sept. 

Oct. 

Nov. 

Dec. 

1 

2 

1.80 
2.00 
1.40 
1.40 
1.40 
1.40 
1.40 
1.80 
1.80 
1. 80 
1.80 
2.00 
1.80 
1.40 
1.40 
1.20 
1.90 
2.30 
2.40 
2.50 
3.00 
3.00 
3.00 

2.60 
2  lA 

9.00 
9.00 
9.60 
9.30 
9.00 
8.70 
8.70 
8.80 
8.60 
8.80 
8.  .-iO 
8.50 
9.30 
10.00 
9.60 
9.60 
9.60 
9.50 
9.40 
9.00 
9.00 
8.50 
8.00 
7.50 
7.30 
7.30 
9.00 
6.80 
6.40 
6.40 

6.30 
6.80 
7.00 
7.00 
6.80 
6.70 
6.60 
6.50 
6.30 
6.20 
6.10 
6.10 
5.90 
5.80 
5.60 
5.40 
5.00 
4.80 
4.60 
4.00 
3.60 

:}.oo 

3.60 
4.00 
4.00 
3.40 
3.20 
3.00 
3.40 
3.40 
8.30 

2.20 
2.20 
2.00 
1.90 
1.80 
1.80 
1.80 
1.70 
1.70 
1.70 
1.80 
1.80 
1.70 
1.80 
1.80 
1.80 
1.70 
1.70 
1.60 
1.70 
1.70 
1.60 
1.70 
1.90 
2.00 

i.'oo 

1.90 
1.80 
1.70 

1.70 
1.80 
1.60 
1.60 
1.70 
1.60 
1.80 
1.70 
1.60 
1.60 
1.70 
1.60 
1.60 
1.60 
1.70 
1.60 
1.60 
1.70 
1.70 
1.60 
1.60 
1.70 
1.70 
1.70 
1.60 
1.60 
1.80 
1.80 
1.80 
1.60 
1.90 

1.90 
2.00 
1.90 
1.90 
1.70 
1.70 
1.50 
1.90 
2.60 
2.30 
2.00 
1.90 
1.90 
1.90 
2.00 
1.90 
1.90 
2.00 
2.60 
2.80 
2.40 
2.70 
2.70 
2.90 
2.60 
2.40 
2.00 
1.60 
1.40 
1.40 

1.20 
1.10 
1.10 
1.40 
2.00 
2.40 
2.40 
2.60 
2.60 
2.40 
2.00 
2.60 
2.70 
2.80 
2.50 
2.50 
2.40 
2.40 
2.20 
2.20 
2.06 
2.00 
1.90 
1.90 
1.80 
1.80 
2.00 
2.00 
2.10 
2.10 
2.10 

3 

4 

2.40     2.40 
2. 00     2. 30 
2.00     2.40 
1.80     2.00 
1.80     2.00 
2. 00     2. 20 
2. 00     2.  40 
2. «  0  1  2. 20 
l.PO     2.30 
2.  CO  ;  2. 30 
2.00  '  2.40 
1.90  i  2.40 
2.00  ;  2,40 
2.00  1  2.40 
1.90     2.30 
1.90  1  2.40 
2.00     2.40 
2.00  1  2.70 
2.00     3.50 
2. 10     3. 90 
2.10    .4.00 
2. 10  I  4. 60 

5 

6 

m 

i 

8 

9 

10 

U 

12 

13 

14.:.::::::..:.. 

15 

16 

17 

18.:::::::::... 

19 

20 

21 

22 

23                   

24 

2.40 
2.30 
2.60 
2.80 
2.90 
2.80 
2.80 
2.70 

25 

26 

27 

28 

29 

30 

31 

2.20 
2.20 
2.30 
2.90 
3.00 

4.60 
5.60 
6.10 
3.70 
5.50 
4.60 
4.50 

IBB  11- 
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Boise  Biver  at  Caldwell,  Idaho, 


Bay. 


1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

IS 

14 

15 

18 

17 

18 

19 

20 

21 

22 

28 

24 

25 

26 

27 

28 

20 

30 

31 


Mar. 


4.40 
4.40 
4.80 
4.30 
4.30 
4.30 
4.35 
4.40 
4.40 
4.40 
4.50 
4.45 
4.45 
4.50 
4.55 
4.60 
4.85 
5.40 
5.70 
5.75 
6.00 
7.10 
7.10 
7.70 
7.80 
6.70 
6.35 
5.90 


Apr. 


5.75 
5.60 
5.55 
5.50 
6.60 
5.80 
5.90 
6.00 
6.00 
5.90 
5.80 
5.90 
6.30 
8.00 
7.40 
6.90 
6.60- 
6.50 
6.20 
6.20 
6.15 
6.10 
6.15 
6.30 
6.60 
6.80 
6.70 
6.60 
6.50 
6.55 


May. 

June. 

July. 

6.40 

11.00 

8.20 

6.50 

11.00 

7.80 

6.40 

11.30 

7.70 

7.00 

11.00 

7.60 

7.60 

10.00 

7.40 

7.40 

9.90 

7.40 

7.10 

9.50 

7.30 

7.00 

9.20 

7.20 

7.00 

9.90 

7.00 

6.90 

10.20 

6.95 

7.00 

9.80 

6.80 

6.80 

9.60 

6.70 

6.60 

9.80 

6.75 

6.50 

10.00 

6.60 

6.40 

9.90 

6.50 

6.30 

10.00 

6.30 

6.40 

10.00 

6.10 

6.20 

10.30 

5.90 

6.10 

10.00 

5.70 

6.00 

9.80 

5.40 

6.00 

9.40 

5.30 

6.10 

9.00 

5.20 

6.80 

8.60 

5.10 

7.60 

8.40 

5.00 

8.00 

8.30 

4.90 

8.  .50 

8.10 

4.80 

8.60 

8.00 

4.70 

8.90 

8.20 

4.70 

9.10 

8.10 

4.60 

10.00 

8.00 

4.50 

11.00 

4.60 

Aug. 


4.40 
4.40 
4.30 
4.25 
4.20 
4.20 
4.15 
4.10 
4.10 
4.00 
3.90 
3.90 
3.85 
3.80 
3.70 
3.70 
3.65 
3.60 
3.60 
3.55 
3.50 
3.50 
3.50 
3.45 
3.40 
3.35 
3.30 
3.25 
3.20 
3.20 
3.30 


Sept. 


3.05 
3.60 
3.60 
3.55 
3.50 
3.50 
3.43 
3.45 
3.45 
3.45 
3.45 
3.45 
3.50 
3.50 
3.45 
3.40 
8.40 
3.40 
3.45 
3.40 
3.45 
3.45 
3.50 
3.65 
3.70 
3.65 
3.60 
3.60 
3.55 
3.50 


Owyhee  Birer  at  Nyeaa,  Oregon. 


Day. 


1 
2 
3 
4 

6 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
28 
27 
28 
20 
30 
31 


Jan. 


1.30 
1.30 
1.30 
1.30 
1.40 
1.40 
1.40 
1.40 
1.40 
1.40 
1.40 
1.40 
1.40 
1.55 
1.75 
2.50 
5.65 
3.80 
3.35 
3.05 
2.75 
2.55 
2.45 
2.40 
2.35 
2.05 
1.85 
1.80 
1.75 
1.70 
1.60 


Feb. 


1.60 
1.50 
1.60 
1.40 
1.40 
1.50 
1.50 
1.50 
1.40 
1.40 
1.40 
1.40 
I.  .15 
1.30 
1.30 
1.30 
1.30 
1.30 
1.30 
1.40 
1.40 
1.40 
1.50 
1.50 
1.55 
1.60 
1.60 
1.00 
1.60 


Apr. 


May. 


3.40 
3.45 
3.55 
3.65 
3.70 


3.85 
3.60 
3.85 
4.05 
4.35 
4.45 
4.65 
4.80 
4.90 
4.80 
4.80 
4.70 
4.65 
4.60 
4.55 
4.50 
4.40 
4.40 
4.55 
4.80 
4.65 
4.75 
4.85 
5.05 
5.25 
5.45 
6.65 
5.85 
5.95 
6.05 
6.00 


June. 


5.75 
5.45 
5.00 
4.70 
4.55 
4.45 
4.35 
4.30 
4.25 
4.15 
4.15 
4.05 
3.95 
3.55 
3.45 
3.35 
3.30 
3.25 
3.15 
3.05 
2.95 
2.90 
2.85 
2.80 
2.75 
2.70 
2.65 
2.45 
2.40 
2.35 


July. 


Aug. 


2.25 

2.15 
2.05 
1.95 
1.90 
1.85 
1.80 
1.75 
1.70 
1.65 
1.60 
1.50 
1.45 
1.40 
1.40 
1.35 
1.30 
1.25 
1.20 
1.20 
1.20 
1.10 
1.10 
1.10 
1.00 
1.20 
1.20 
1.15 
1.10 
1.10 
1.10 


1.05 

1.00 

1.00 

1.00 

1.00 

1.00 

1.00 

1.00 

.95 

.95 

.95 

.95 

.95 

.95 

.95 

.90 

.90 

.90 

.90 

.90 

.90 

.90 

1.00 

1.00 

1.10 

1.10 

1.20 

1.20 

1.30 

1.40 

1.40 


Sept. 


1.30 

1.30 

1.30 

1.20 

1.20 

1.10 

1.10 

1.00 

1.00 

.90 

.90 

.90 

.95 

.95 

1.00 

1.00 

1.00 

1.00 

1.00 

l.OO 

1.00 

1.00 

.95 

.95 

1.00 

1.00 

1.00 

1.00 

1.00 

1.00 


Oct. 


1.10 
1.10 
1.10 


Nov. 


1.20 
1.20 
1.20 
1.20 
1.20 
1.20 
1.20 
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Malheur  River  at  Vale,  Oregon. 


Day. 

Jan.  a 

Feb. 

Apr. 

May. 

June. 

July. 

AUR. 

Sept. 

i 

1 ; 

1.70 
1.75 
1.80 
1.00 
1.90 
1.90 
1.85 
1.90 
1.85 
1.85 
1.70 
1.70 
1.70 
1.70 
1.70 
1.75 
5.00 

2.55 
2.65 
2.70 
2.60 
2.60 
2.50 

3.00 
3.00 
3.05 
3.10 
3.85 
4.90 
4.65 
4.05 
3.85 
3.80 
3.70 
3.70 
3.75 
3.65 
3.45 
3.30 
3.30 
3.30 
3.30 
3.20 
3.15 
3.10 
3.10 
3.25 
3.55 
3.75 
3.00 
4.00 
4.10 
4.20 
4.20 

4.30 
4.35 
4.50 
4.50 
4.45 
4.30 
4.25 
4.25 
4.10 
4.05 
3.90 
3.75 
3.70 
3.6U 
3.50 
3.50 
3.50 
3.40 
3.35 
3.40 
3.35 
3.30 
3.25 
3.15 
3.05 
3.40 
3.35 
2.75 
2.65 
2.55 

2.45 
2.35 
2.30 
2.25 
2.15 
2.10 
2.10 
2.05 
1.05 
1.90 
1.85 
1.80 
1.85 
1.90 
1.05 
1.90 
1.90 
1.65 
1.60 
1.50 
1.50 
1.45 
i.40 
1.40 
1.30 
1.30 
1.25 
1.20 
1.15 
1.10 
1.00 

1.00 
.95 
.90 
.90 
.90 
.85 
.75 
.70 
.70 
.71 
.72 
.72 
.71 
.71 
.71 
.70 
.70 
.70 
.70 
.70 
.70 
.70 
.70 
.70 
.69 
.68 
.68 
.70 
.70 
.70 

2.20 

1.60 
1.45 
1.20 
1.10 
1.10 
1.10 
1.10 
1.10 
1.10 
1.10 
1.10 
1.10 
1.10 
1.10 
1.10 
1.10 
1.10 
1. 10 
1.10 
1.15 
1.20 
1.20 
1.20 
1.20 
1.20 
1.20 
1.^ 
1.25 
1.25 
1.25 

1     2 

3 

4 

5 

i     6 

^ 
^••••••••••-••••••••••••••* 

2.50  ! 

2.40  t 

2.35  ! 

2.25    

2.20    

2.10    

2.00    

2. 00  ! 

2.00 ; 

2.00  ! 

2.00  1 

2.05    

2.10    

2.10    

2.00    

1.95    

2.05    

2.20    

2.30    

2. 15        2. 90 
2.20         3.00 

1     8 

g 

10 

u 

!  12  ::::::;:::::;::.:....:::: 

13 

1   U 

15 

17 

19 

20 

21 

22 

23 

25 

3.20 
3.10 
2.90 
2.75 
2.60 
2.55 
2.65 

:  26 

T? : 

28 

2.30 
3.95 

3.00 
3.00 
3.00 


29 

30 

31 

.   .. 

a  January  10  to  25  gage  broken ;  no  readings. 


Payette  River  at  Payette,  Idaho, 

Day. 

May. 

June. 

July. 

Aug. 

Sept. 

1.90 
1.80 
1.70 
1.40 
1.30 
1.30 
1.20 
1.20 
1.10 
1.10 
1.10 
1.10 
1.10 
1.10 
1.10 
1.10 

Day. 

May. 

June.  July. 

Aug. 

Sept. 

1 1 

8.20 
8.30 
9.10 
9.30 
9.10 
9.20 
8.60 
8.40 
8.70 
>j.90 
8.50 
8.40 
8.30 
8.70 
8.80 
8.80 

7.50 
7.40 
7.20 
6.80 
6.80 
6.50 
6.40 
6.20 
6.00 
5.70 
5.^70 
5.50 
6.20 
5.90 
5.50 
5.30 

2.20 
2.20 
2.10 
2.10 
2.10 
2.00 
2.00 
1.90 
1.90 
1.80 
1.80 
1.80 
1.80 
1.70 
1.70 
1.70 

17 

3.70 
3.60 
3.60 
3.30 
8.40 
4.20 
5.40 
5.40 
5.60 
5.90 
6.10 
6.50 
6.90 
7.20 
7.70 

8.90 
9.20 
9.20 
9.10 
9.00 
8.80 
7.60 
7.90 
7.60 
7.40 
7.40 
7.20 
7.40 
7.60 

4.90 
4.30 
3.90 
3.70 
3.50 
3.30 
3.10 
2.90 
2.80 
2.70 
2.60 
2.50 
2.50 
2.40 
2.30 

1.60 
1.60 
1.50 
1.50 
1.40 
1.40 
1.40 
1.30 
1.30 
1.20 
1.20 
1.10 
1.10 
1.20 
1.30 

1.10 

1.10 

1.00 

1.00 

1.00 

1.00 

1.10 

1.10 

1.10 

1.10 

1.00 

.90 

.90 

.90 

2 

18 

3 

19 

4 

20 

21 

5 i 

8 ' 

22 

7 

23 

8 

24 

9 

25 

26 

27 

10 

11 _    

12.. 

.    4.20 

28 

29 

30 

31 

13 

..    4.30 

U 

15 

16 

..|  4.00 
..:  3.70 
..    3.70 

Yakima  River  at  Kiona,  Washington. 

Diy.  1 

1 

Jan. 

5.30 
6.36 
5.20 
5.10 
5.35 
5.40 
5.55 
5.90 
6.70 
8.20 
8.80 
8.80 
8.00 
7.60 
7.16 

Aug. 

'6.'i6" 
6.15 
6.10 
6.06 
6.00 
5.90 
5.80 
5.70 
6.60 
5.60 
5.50 
5.35 
6.30 
5.20 
6.15 

Sept. 

Oct. 

Nov. 

4.24 
4.35 
4.40 
4.46 
4.47 
4.51 
4.52 
4.52 
4.56 
5.80 
5.80 
5.72 
5.60 
5.60 
8.68 
11.91 

Doc 

Day. 

Jan. 

Aug. 

5.10 
5.05 
5.00 
4.95 
4.90 
4.85 
4.80 
4.75 
4.75 
4.70 
4.70 
4.70 
4.70 
4.70 
4.70 

Sept. 

Oct. 

Nov. 

Dec. 

1.... 

4.73 
4.73 
4.70 
4.70 
4.70 
4.68 
4.65 
4.65 
4.63 
4.55 
4.55 
4.60 
4.50 
4.48 
4.50 
4.50 

4.08 
4.05 
4.05 
4.10 
4.10 
4.05 
4.08 
4.10 
4.08 
4.05 
4.08 
4.04 
4.00 
4.00 
4.01 
3.95 

5.95 
6.10 
6.50 
7.10 
8.90 
9.80 
11.45 
11.55 

"ii.'so" 

10.80 
10.60 
10.65 
10.70 
10.07 
9.50 

17 

4.48 
4.50 
4.55 
4.45 
4.85 
4.30 
4.30 
4.25 
4.20 
4.20 
4.20 
4.18 
4.15 
4.18 

4.00 
8.06 
3.94 
3.93 
3.92 
3.89 
3.87 
3.87 
3.94 
3.91 
3.93 
3.88 
8.94 
a 
3.94 

15.18 

16.07 

13.35 

10.91 

9.50 

9.20 

8.30 

7.93 

7.62 

7,23 

6.65 

5.93 

5.95 

5.95 

9.20 
8.70 
8.52 
8.43 
8.31 
8.30 
8.21 
8.03 
7.90 
7.70 
7.55 
7.45 
7.35 
7.15 
7.05 

2.... 

18 

3.... 
i.... 

5.... 

6.... 

7.... 

8.... 

9.... 
10.... 
11.... 

19 

20 

21 

22 

23.... 
24.... 
26.... 
26 

6.35 
6.15 
6.06 

27 

12...- 

28 

1    13... 

29 

'    U.... 

30 

15.... 

81 

'6 

alAo  observation. 
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RIVER   HEIGHTS   FOR   1896. 


[NO.U. 


Weiser  Biver  at  WeUw,  Idaho. 


Day. 


1. 

2. 

3. 

4. 

5. 

6. 

7. 

8. 

9. 
10. 
11. 
12. 
13. 
14. 
15. 
16. 
17- 
18. 
19. 
20. 
21. 
22. 
23. 
24. 
25. 
26. 
27. 
28. 
29. 
30. 
31. 


Jan. 


2.30 
2.30 
2.30 
2.30 
2.30 
2.30 
2.40 
2.40 
2.40 
2.30 
2.30 
2.30 
2.30 
2.80 
2.30 
2.50 
5.10 
5.50 
6.50 
7.60 
8.30 
7.40 
5.80 
4.50 
3.80 
3.80 
4.00 
4.40 
6.40 
5.70 
4.50 


Feb. 


Mar. 


4.00 
3.70 
3.00 
3.20 
3.10 
3.00 
2.90 
2.80 
2.70 
2.60 
2.60 
2.50 
2.50 
2.50 
2.50 
2.60 
2.60 
2.70 
2.70 
2.70 
2.70 
2.80 
2.90 
2.90 
3.00 
3.20 
4.00 
4.45 
4.10 


-Apr. 


3.80 
3.50 
3.20 
3.00 
3.00 
2.00 
2.90 
3.00 
3.30 
3.70 
4.00 
3.80 
3.80 
3.70 
3.50 
3.40 

3.:io 

3.30 

3.40 

3.80  i 

4.00  j 

4.70 

4.70 

5.20 

6.00 

6.00 

6.50 

6.20 

5.60 

5.00 

4.60 


4.30 
4.00 
3.80 
3.70 
3.70 
3.80 
4.10 
4.50 
4.70 
4.50 
4.30 
4  10 
4.60 
4.50 
5.20 
4.80 
4.50 
4.10 
4.00 
3.90 
3.80 
3.70 
3.80 
3.90 
4.10 
4.40 
4.70 
4.90 
4.50 
4.20 


May. 


4.10 
5.20 
5.10 
8.30 
9.20 
9.10 
8.50 
7.40 
6.70 
5.90 
6.00 
6.40 
5.50 
5.00 
4.70 
4.60 
4.70 
5.20 
4.70 
4.60 
4.60 
4.70 
5.10 
5.60 
6.10 
6.10 
6.10 
6.20 
6.20 
6.60 
6.90 


June. 

July. 

7.10 

4.90 

7.10 

4.70 

7.10 

4.60 

7.40 

4.40 

7.00 

4.20 

7.90 

4.00 

8.90 

3.80 

7.60 

3.60 

6.70 

3.50 

6.70 

3.40 

6.60 

3.30 

6.60 

3.20 

6.50 

3.10 

6.40 

3.00 

6.40 

2.90 

6.40 

2.80 

6.40 

2.70 

6.50 

2.00 

6.60 

2.50 

6.40 

2.40 

6.20 

2.40 

5.90 

2.30 

5.80 

2.30 

.5.60 

2.20 

5.40 

2.20 

5.20 

2.20 

4.90 

2.10 

5.20 

2.10 

5.30 

2.10 

5.20 

2.10 

2.00 

Aug. 


2.00 
2.00 
2.00 
2.00 
2.00 
2.00 
2.00 
2.00 
2.00 
1.90 
1.90 
1.90 
1.90 
1.90 
1.80 
1.80 
1.80 
1.80 
1.80 
1.80 
1  90 
1.80 
1.80 
1.80 
1.80 
1.80 
1.80 
1.80 
1.80 
1.80 
1.80 


Sept 


1.80 
1.80 
1.80 
1.90 
1.90 
1.90 
1.90 
1.90 
1.90 
1.90 
1.90 
1.90 
2.00 
2.00 
2.00 
2.00 
2.00 
2.00 
2.00 
1.90 
1.90 
1.90 
1.90 
1.80 
1.80 
1.80 
1.80 
1.80 
1.80 
L80 


Oct. 


1.80 
1.80 
1.70 
1.70 
1.70 
1.70 
1.70 
1.70 
1.70 
1.70 
1.70 
1.70 
1.70 
1.70 
1.70 
1.70 
1.70 


Natches  River  at  North  Yakima,  Washington, 


1. 

2. 
3. 


6. 

7. 

8. 

9. 
10. 
11. 
12. 
13. 
14. 
15. 
16. 
17. 
18. 
19. 
20. 
21. 
22. 
23. 
24. 
25. 
26. 
27. 
28. 
29. 
30. 
31. 


Jan.       Feb.    |  July.      Aug 


1.70 
1.60 
1.60 
1.60 


2.00 
2.90 
3.20 
3.90 
4.10 
3.80 


3.10 
2.90 
2.80 
2.80 
2.70 
2.70 


2.60 
2.40 
2.30 
2.20 
2.20 
2.10 


1.90 


1.90 
1.90 
1.90 
2.00 
2.00 
1.90 


1.90 
1.90 
1.90 
1.90 
2.00 
1.90 


2.10 
2.10 
2.70 
2.80 
2.90 
3.20 


3.20 
3.90 
5.60 


2.20 

6.20 

2.20 

5.80 

2.20 

5.80 

1.90 

1.90 

3.35 
3.25 
3.10 
3.15 


3.25 
3.10 
3.00 
2.90 
3.00 
2.85 
2.80 
2.70 
2.65 
2.45 
2.35 
2.20 
2.10 
2.05 
2.00 
1.90 
1.80 
1.80 
1.70 
1.70 
1.60 
1.60 
1.50 
1.50 
1.50 
1.50 
1.50 
1.50 
1.50 
1.50 
1.50 


Sept. 

Oct. 

Nov. 

Dec. 

1.50 

1.10 

1.50 

1      3.60 

1.40 

1.20 

1.40 

3.80 

1.40 

1.20 

1.30 

4.00 

1.40 

1.20 

1.20 

,      4.50 

1.40 

1.10 

1.10 

5.00 

1.30 

.90 

1.00 

4.90 

1.30 

.89 

1.20 

4.70 

1.30 

.88 

2.20 

4.60 

1.30 

.87 

2.50 

4.30 

1.25 

.86 

2.40 

4.10 

1.20 

.85 

2.30 

4.00 

1.30 

.84 

2.15 

3.90 

1.30 

.83 

2.00 

3.70 

1.35 

.82 

4.25 

3.60 

1.50 

.81 

8.00 

3.50 

1.40 

.80 

7.75 

3.50 

1.30 

.79 

6.25 

3.40 

1.30 

.72 

5.25 

3.40 

1.20 

.74 

4.70 

3.30 

1.20 

.76 

4.80 

3.30 

1.20 

.76 

4.00 

3.30 

1.25 

.60 

3.80 

3.20 

1.30 

.60 

3.70 

8.20 

1.20 

.60 

3.60 

3.20 

1.10 

.50 

3.50 

3.10 

.90 

.50 

3.35 

3.10 

.90 

.60 

3.15 

3.10 

.90 

.75 

3.00 

3.00 

.90 

.95 

3.20 

3.00 

1.10 

1.15 

3.40 

3.00 

1.40 

3.00 

DATS.] 
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TaMma  Biver  at  Yakima,  Waahington, 


Dsj. 

Jan. 

reb. 

Aug. 

Sept. 

Oct. 

Kov. 

Dec. 

1 

4.75 
4.70 
4.70 
4.70 

4.70 

"'4.' 76' 
4.70 
4.80 
4.90 
4.90 
4.85 

'"4.*  80' 
4.80 
4.80 
4.90 
5.00 
5.00 

"*6.*26' 
5.30 
5.35 
5.40 
5.40 
5.40 

"b.ho 

6.20 
6.70 
7.80 
7.70 
7.40 

5.80 
5.80 
5.70 
5.70 
5.60 
5.60 
6.50 
5.50 
5.60 
6.40 
5.40 
5.30 
5.30 
5.20 
5.20 
5.10 
5.10 
5.10 
5.00 
5.00 
5.00 
4.90 
4.90 
4.90 
4.90 
4.80 
4.80 
4.80 

4.80 
4.80 
4.80 
4.80 
4.80 
4.80 
4.80 
4.80 
4.80 
4.80 
4.70 
4.70 
4.70 
4.70 
4.70 
4.70 
4.70 
4.70 
4.70 
4.70 
4.70 
4.65 
4.60 
4.60 
4.60 
4.50 
4.50 
4.50 
4.50 
4.50 

4.50 
4.50 
4.50 
4.60 
4.50 
4.60 
4.50 
4.50 
4.40 
4.40 
4.40 
4.40 
4.40 
4.40 
4.40 
4.40 
4.40 
4.40 
4.40 
4.40 
4.40 
4.40 
4.40 
4.40 
4.46 
4.40 
4.40 
4.40 
4.40 
4.40 
4.60 

4.50 
4.60 
4.60 
4.60 
4.90 
5.00 
6.30 
5.60 
5.80 
5.90 
5.70 
5.70 
5.80 
5.80 
13.00 
15.00 
14.00 
12.00 
9.00 
8.00 
7.00 
6.80 
6.60 
6.40 
6.20 
6.10 
6.00 
6.00 
6.00 
6.00 

6.60 
7.60 
8.20 
7.70 
6.60 
6.70 
6.80 
6.90 
8.00 
8.20 
8.60 
8.40 
8.20 
8.00 
7.60 
7.40 
7.10 
6.80 
6.20 
6.10 
6.10 
6.00 
6.00 
5.90 
5.90 
5.80 
5.80 
6.70 
5.70 
5.60 
5.60 

2 

3 

4 

5 

8 

4.80 
5.10 
5.50 
6.50 
7.20 
6.80 

7 

8 

9 

10 

11 

12                   

13 

6.40 
6.10 
5.90 
5.70 
5.60 
5.50 

U 

15 

18 

18 

30 

"*6.46 
5.30 
5.20 
5.10 
5.10 
5.05 

22 

23 

24 

28 : 

27 

5.00 
4.00 
4.85 
4.80 
4.76 

28 

29 :... 

30 

1 

Spokane  Biver  at  dam  of  ike  Waahington  Water  Power  Company,  Spokane,  Waehington, 

for  1891, 


Diy. 

Mar. 

Apr. 

May. 

June. 

July. 

Aug. 

Sept. 

Oct. 

Nov. 

Dec 

1 

2.08 
2.08 
2.17 
2.17 
2.17 
2.17 
2.17 
2.50 
2.75 
2.92 
2.92 
2.92 
3.17 
3.33 
3.50 
3.75 
3.92 
4.08 
4.50 
4.02 
4.60 
4.58 
4.67 
4.83 
4.83 
4.83 
4.83 
4.83 
4.83 
5.00 

5.00 
5.00 
4.92 
4.67 
4.50 
4.50 
4.67 
4.83 
6.00 
5.00 
5.25 
5.00 
5.00 
5.00 
5.00 
5.17 
5.17 
5.25 
5.25 
5.17 
5.08 
5.00 
4.83 
4.83 
4.50 
4.42 
4.25 
4.00 
4.00 
4.00 
3.83 

3.83 
3.67 
3.50 
3.33 
3.17 
3.17 
3.00 
3.00 
2.92 
2.83 
2.75 
2.67 
2.50 
2.60 
2.50 
2.42 
2.33 
2.25 
2.17 
2.08 
2.00 
2.00 
1.92 
1.92 
1.83 
1.75 
1.67 
1.67 
1.67 
1.67 

1.60 

1.58 

1.58 

1.50 

1.50 

1.60 

1.33 

1.33 

1.25 

1.25 

1.25 

1.25 

1.17 

1.17 

1.17 

1.17 

1.08 

1.00 

1.00 

1.00 

.92 

.83 

.83 

.75 

.67 

.67 

.67 

.50 

.42 

.42 

.33 

0.33 

.25 

.25 

.25 

.17 

.17 

.17 

.08 

.06 

.08 

.08 

.00 

.00 

1.33 

1.33 

1.83 

1.83 

1.33 

1.33 

1.25 

1.25 

1.25 

1.25 

1.17 

L17 

1.17 

1.17 

1.08 

1.08 

1.08 

1.08 

1.00 
1.00 
1.00 
1.00 
.92 
.92 
.92 
.92 
.83 
.83 
.83 
.83 
.83 
.75 
.75 
.75 
.75 
.75 
.67 
.67 
.67 
.58 
.58 
.58 
.58 
.50 
.60 
.50 
.50 
.50 

0.50 

.50 

.50 

.60 

.50 

.50 

.50 

.50 

.50 

.50 

.60 

.60 

.50 

.50 

.50 

.50 

.60 

.50 

1.08 

2.67 

2.67 

2.67 

2.67 

2.67 

2.67 

2.67 

2.67 

2.67 

2.67 

2.67 

2.75 

2.75 
2.83 
3.00 
3.17 
3.33 
3.33 
3.42 
3.42 
3.50 
3.50 
3.50 
3.50 
3.58 
3.58 
3.67 
3.67 
3.67 
3.75 
3.75 
3.75 
3.83 
3.83 
3.83 
3.83 
3.83 
3.83 
3.88 
3.83 
8.83 
3.83 

3.83 
4.00 
4.00 
3.75 
3.83 
3.83 
3.83 
3.83 
3.83 
3.83 
3.88 
3.75 
3.75 
3.75 
3.75 
8.76 
3.75 
3.83 
3.83 
3.83 
3.83 
3.83 
8.83 
3.83 
8.83 
3.83 
8.83 
3.83 
3.83 
3.83 
3.83 

2 

3 

4.. 

5 

8 

7 

8 

9 

10 

11 

•  ««<••• 

12 

13 

14 

15 

18 -- 

17 

18 

19 

20 

21 

22 

0.58 
.92 
1.25 
1.42 
1.58 
1.75 
1.92 
2.00 
2.08 
2.08 

23 

24 

25 

26... ....... 

27 

1  28 

'  29 

30 

31 

^rcb32,  waste  gates  almost  entirely  cloned.  April  21,  waste  gates  opened,  which  lowered  th« 
^tter  about  1  foot.  August  14,  waste  sates  partly  closed,  one  open  about  2  feet  6  inches,  the  other,  8 
^(6  inches.  October  19,  waste  gates  further  closed,  one  open  about  8  inches,  the  other  1  foot.  Ooto* 
*^  20,  flashboards  put  on  dam  about  three-fourths  of  the  way  across.  December  4,  about  one<third 
«i  the  flashbottrds  were  carried  out. 
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RIVER   HEIGHTS   FOR   1896. 


[NO.  IL 


Spokane  Biver  at  dam  of  the  Washington  Wat^r  Power  Company,  Spokane,  Wathington, 

for  189^. 


Day. 


1 

2 

3 

4 

6 

6 

8 

0 

10 

11 

12 

13 

14 

15 

16 

17 

18 

10 

20 

21 

22 

23 

24 

25 

26 

27 

28 

20 

30 

31 


Jan. 


3.83 
3.67 
3.67 
3.67 
3.67 
3.67 
3.67 
3.67 
3.67 
3.67 
3.50 
3.50 
3.50 
3.50 
3.50 
3.50 
3.50 
3.  50 
3.50 
3.50 
3.50 
3.50 
3.50 
3.33 
3.33 
3.33 
3.33 
3.33 
3.33 
3.33 
3.33 


Feb. 


3.33 
3.17 
3.17 
3.17 
3.17 
3.17 
3.17 
3.17 
3.17 
3.17 
3.17 
3.25 
3.25 
3.25 
3.25 
3.25 
3.25 
3.25 
3.25 
3.25 
3.25 
3.25 
3.33 
3.50 
3.75 
3.92 
4.00 
8.75 
3.00 


Mar. 


3.08 
3.17 
3.25 
3.33 
3.42 
3.50 
3.5C 
3.50 
3.58 
3.67 
3.83 
4.00 
4.33 
4.67 
4.32 
5.17 
5.33 
5.50 
5.67 
5.75 
5.75 
5.75 
5.67 
4.75 
4.83 
4.83 
4.83 
4.83 
4.83 
4.83 
4.75 


Apr.  May. 


4.58 
4.42 
4.33 
4.08 
3.92 
3.83 
3.75 
3.75 
3.75 
3.75 
3.76 
3.75 
3. 75 
3.83 
3.92 
4.00 
4.08 
4.17 
4.25 
4.25 
4.25 
4.25 
4.25 
4.25 
4.25 
4.33 
4.33 
4.33 
4.33 
4.42 


4.42 
4.42 
4.42 
4.42 
4.50 
4.58 
4.67 
4.75 
4.83 
4.92 
5.08 
5.33 
5.58 
5,75 
5.02 
6.00 
6.08 
6.17 
6.25 
6.33 
6.42 
6.58 
6.83 
7.00 
7.33 
7.67 
7.75 
7.92 
8.00 
8.00 
8.00 


June.  July.  Aug. 


8.00 
8.00 
8.00 
7.92 
7.83 
7.67 
7.58 
7.42 
7.25 
7.00 
6.75 
6.67 
6.58 
6.50 
6.33 
6.25 
6.08 
6.00 
5.83 
5.67 
5.50 
5.33 
5.25 
5.08 
5.00 
4.83 
4.75 
4.67 
4.58 
4.50 


4.33 
4.25 
4.17 
4.08 
4.00 
3.92 
3.83 
8.75 
3.67 
3.58 
3.50 
3.33 
3.25 
3.17 
3.08 
3.00 
2.92 
2.83 
2.75 
2.67 
2.58 
2.50 
2.33 
2.17 
2.00 

i.ai 

1.75 
1.67 
1.58 
1.58 
1.58 


1.58 
2.33 
2.33 
2.17 
2.08 
2.00 
1.92 
1.83 
1.75 
1.67 
1.67 
1.58 
1.58 
1.60 
1.50 
1.50 
1.42 
1.42 
1.42 
1.33 
1.33 
1.33 
1.25 
1.25 
1.17 
1.17 
1.08 
1.08 
1.00 
l.OU 
1.00 


Sept.    Oct. 


0.92 

.92 

.92 

.83 

.83 

.75 

.75 

.75 

.67 

.67 

.67 

.58 

.50 

.42 

.33 

.25 

.00 

.00 

3.00 

3.00 

3.00 

3.00 

3.00 

3.00 

3.00 

3.00 

3.00 

3.00 

3.00 

3.00 

3.00 


3.00 
3.00 
3.00 
3.00 
3.00 
3.00 
3.00 
3.00 
3.00 
3.00 
3.00 
3.00 
3.00 
3.00 
3.00 
3.00 
3.00 
3.00 
8.00 
3.00 
3.00 
3.00 
3.00 
3.00 
3.00 
3.00 
3.00 
3.00 
3.00 
3.00 
3.00 


Nov. 


3.00 
3.00 
3.00 
3.00 
3.  00 
3.00 
3.00 
3.00 
3.00 
3.00 
3.00 
3.00 
3.00 
3.00 
3.00 
3.08 
3.17 

3.n 

3.25 
8.25 
3.33 
3.33 
3.42 
3.50 
3.58 
3.67 
3.75 
3.83 
3.92 
3.92 


Dec. 


4.00 
4.00 
4.08 
4.08 
4.17 
4.17 
4.25 
4.25 
4.25 
4.25 
4.25 
4.25 
4.25 
4.25 
4.17 
4.17 
4.17 
4.08 
4.0ri 
4.0;i 
3.92 
3.92 
3.83 
3.83 
3.83 
3.92 
3.92 
3.92 
4.00 
4.00 
4.08 


February  28,  part  of  the  flaahboards  taken  out.    Februarv  20,  balance  taken  out.    March  24,  waste 

f^atea  opene<l  full.    August  2,  one  waste  gate  partly  closeo,  leaving  opening  3  feet  6  inches;  opeu- 
ngs  partly  closed  with  drift  logs.    September  17,  logs  removed  from  waste  gates.    September  19, 
waste  gates  closed  and  flashboaras  put  on  dam. 


Spokane  River  at  dam  of  the  fVashington  Water  Power  Company^  Spokane,  Washington^ 

for  189S, 


Day. 

Jan. 

Feb. 

Mar. 

Apr. 

May. 

June. 

1 

July. 

5.25 
5.17 
5.00 
5.00 
4.92 
4.83 

Aug. 

Sept. 

Oct. 

Nov. 

5.00 
5.00 
4.92 
4.83 
4.83 
4.92 
5.17 
5.67 
6.17 
6.50 
6.67 
6.75 
6.83 
6.83 
6.83 
6.75 
6.67 
6.50 
6.33 
6.08 

5.8:: 

5.58 
5.42 
5.25 
5.17 
5.00 
5.00 
5.00 
5.00 
5.00 

•  •  •  -  .  J 

Dec.' 

1 

4.08 
4.17 
4.17 
4.25 
4.33 
4.42 
4.50 
4.50 
4.58 
4.58 
4.58 
4.58 
4.58 
4.50 
4.50 
4.50 
4.42 
4.42 
4.33 
4.25 
4.25 
4.17 
4.17 
4.17 
4.08 
4.08 
4.00 
4.00 
3.92 

3.92 
3.83 
3.83 
3.83 
3.75 
3.75 
3.75 
3.75 
3.67 
3.67 
3.58 
3.58 
3.58 
3.58 
3.58 
3.58 
3.58 
3.58 
3.58 
3.58 
3.58 
3.58 
8.58 
3.58 
3.58 
3.58 
3.58 
3.58 

. . . .  ■ 
...... 

3.58 
3.58 
3.58 
3.68 
3.58 
3.58 
3.58 
3.67 
.67 
.67 
.67 
.67 
1.83 
1.50 
1.67 
1.67 
1.67 
1.67 
1.67 
1.67 
1.67 
1.75 
1.75 
1.83 
1.83 
2.00 
2.17 
2.42 
2.67 
2.92 
3.25 

3.50 
3.75 
4.08 
4.33 
4.67 
4.00 
4.42 
4.75 
4.83 
5.08 
5.08 
5.08 
4.92 
4.92 
4.75 
4.67 
4.50 
4.42 
4.33 
4.25 
4.25 
4.33 
4.42 
4.67 
5.00 
5.42 
5.58 
5.75 
5.92 
6.00 

6.17 
6.33 
6.50 
6.67 
6.75 
6.83 
6.92 
7.00 
7.17 
7.33 
7.50 
7.75 
7.75 
8.00 
8.25 
8.75 
9.00 
9.25 
10.00 
10.25 
10.25 
10.17 
9.75 
9.50 
9.50 
9.17 
9.00 
8.75 
8.50 
8.50 
8.50 

8.25 
8.25 
8.25 
8.25 
8.25 
8.00 

1.83 

1.75 

1.75 

1.67 

1.67 

1.67 

1.58 

1.58 

1.50 

1.50 

1.50 

1.42 

1.42 

1.83 

1.25 

1.17 

1.08 

1.00 

.92 

.83 

.83 

.75 

.75 

.67 

.58 

.50 

.42 

.42 

.42 

.33 

.33 

0.33 

.33 

.25 

.25 

.25 

.17 

.08 

.08 

.00 

.00 

.00 

3.25 

3.25 

3.17 

3.17 

3.17 

3.17 

3.17 

3.17 

3.17 

3.08 

3.  OS 

3.08 

3.08 

3.08 

3.08 

3.08 

3.08 

3.08 

3.06 

3.25 
3.33 
8.42 
3.50 
3.58 
3.67 
3.83 
4.00 
4.25 
4.50 
4.75 
5.00 
5.00 
5.00 
5.00 
5.08 
5.08 
5.08 
5.08 
5.17 
5.17 
5.17 
5.17 
5.17 
6.17 
5.17 
5.17 
5.17 
5.17 
5.08 
5.08 

4.92 
4.92 
4.83 
4.83 
4.83 
4.83 
4.83 
4.83 
5.17 
5.67 
6.00 
C.83 
7.00 

2 

3 

4 

5 

6 

7 

8. 00     4.  75 
8.  00     4.  67 
8. 00     i-  5H 

8 

9 

10 

8.00 
7.92 
7.83 
7.75 
7.58 
7.42 
7.25 
7.00 
0.92 
6.75 
6.58 
6.42 
6.33 
6.17 
6.00 
6.00 
5.83 
5.83 
5.67 
5.50 
5.33 

4.42 
4.25 
4.00 
3.92 
3.75 
8.68 
3.42 
3.25 
3.08 
3  00 
2.92 
2.83 
2.67 
2.50 
2.42 
2.33 
117 
2.00 
2.00 
2.00 
2.00 
1.92 

11 

12 

13 

14 

7.00 

15 

16 

17 

e.92    ! 
6.83    , 
6.67    ' 

18 

6.50 

19 

6.33 

20 

6.  17 

21 

6.  17 

22 

6.17    i 

23 

6.08    [ 

24 

6.00    ' 

25 

6.00 

26 

5.92 

27 

5.92    1 

28 

5.02 
5.83 
5.83 
5.Ki 

29 

30 

3.92 
3.92 

31 

March  0,  10,  11  and  12,  waste  gates  opened :   flashboarfls  taken  out.    March  13,  waste  gates  closed. 
April  6,  waste  gates  opened.    September  12,  wa.'^te  gates  closed  and  dashboards  put  in. 
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Spokane  Siver  at  Dam  of  the  Witakington  Water  Power  Company,  Spokane,  Waehington, 

for  1894. 


Day. 

Jan. 

Feb. 

Mar. 

Apr. 

• 

May. 

June. 

July. 

Aug. 

Sept. 

Oct. 

Nov. 

Dec. 

1 

5.75 
5.75 
5.67 
5.68 
5.50 
6.42 
5.33 
5.25 
5.17 
5.00 
4.83 
4.67 
4.67 
4.75 
5.17 
6.25 
7.00 
7.50 
7.58 
7.58 
7.60 
7.33 
7.00 
6.83 
6.67 
6.42 
6.25 
6.08 
6.00 
5.92 
6.83 

6.67 
5.60 
5.33 
5.17 
5.00 
5.00 
4.92 
4.92 
4.83 
4.83 
4.75 
4.67 
4.60 
4.60 
4.50 
4.33 
4.33 
4.17 
4.00 
3.02 
3.83 
3.83 
3.83 
3.76 
3.75 
3.75 
3.76 
3.75 

3.76 
3.75 
3.92 
3.92 
3.92 
3.92 
3.92 
4.00 
4.00 
4.00 
4.00 
4.0O 
4.00 
4.08 
4.08 
4.08 
4.08 
4.17 
4.17 
4.33 
4.42 
4.58 
4.67 
4.67 
4.67 
4.76 
4.92 
5.08 
5.33 
5.67 
6.00 

6.60 
6.83 
7.00 
7.00 
7.08 
7.08 
7.08 
7.08 
7.08 
7.25 
7.25 
7.60 
7.83 
8.17 
8.50 
8  83 
8.92 
8.92 
8.83 
8.75 
8.67 
8.67 
8.67 
8.83 
9.08 
9.42 
9.58 
9.92 
10.08 
10.08 

10.08 

10.00 

9.83 

9.75 

9.58 

9.50 

9.60 

0.42 

9.42 

9.42 

9.33 

9.26 

9.25 

9.17 

9.08 

9.08 

9.33 

9.58 

9.92 

10.08 

10.17 

10.33 

10.50 

10.75 

11.00 

11.83 

11.67 

12.00 

12.17 

12.17 

12.42 

12.33 

12.33 

12.33 

12.25 

12.25 

12.25 

12.08 

11.92 

11.67 

11.83 

10.00 

9.83 

9.67 

9.42 

9.17 

9.00 

8.83 

8.76 

8.67 

8.50 

8.33 

8.25 

8.08 

7.92 

6.76 
6.67 
6.6U 
6.33 
6.17 
6.00 
5.92 
5.76 
5.58 
5.42 
5.33 
6.26 
5.17 
5.08 
4.92 
4.83 
4.67 
4.50 
4.33 
4.25 
4.08 
3.92 
3.83 
3.76 

3.42 
3.33 
3.25 
3.25 
3.17 
3.08 
3.08 
3.00 
2.02 
2.83 
2.75 
2.67 
2.58 
2.60 
2.42 
2.33 
2.25 
2.17 
2.08 
2.00 
1.92 
1.83 
1.75 
1.76 
1.67 
1.58 
1.58 
1.58 
1.58 
1.50 
1.60 

1.60 
1.42 
1.42 
1.42 
1.42 
1.42 
1.33 
1.33 
1.33 
1.33 
1.33 
1.33 
1.25 
1.25 
1.25 
1.25 
1.25 
1.25 
1.25 
1.25 
1.25 
1.25 
1.25 
1.25 
1.25 
1.25 
1.26 
1.25 
1.25 
1.26 

1.26 
1.25 
1.26 
1.25 
1.26 
1.25 
1.25 
1.25 
1.25 
1.83 
1.83 
1.83 
1.83 
1.75 
1.76 

2.42 
2.50 
2.68 
2.67 
2.67 
2.76 
2.75 
2.83 
2.92 
3.00 
3.17 
3.25 
3.25 
3.25 
3.25 

3.50 
3.58 
3.58 
3.58 
3.58 
3.58 
3.60 
3.60 
3.50 
3.50 
3.50 
3.50 
3.33 
3.33 
3.25 
3.17 
3.08 
3.08 
3.00 
3.00 

2 

3 

4 

5 

6 

7 

,     8 

9 

10 

u 

12 

13 

u 

15 

18 

1.76 

3.25 

17 

1.75 
1.75 
1.67 
1.67 
1.67 
1.67 
1.67 
1.67 
1.67 
1.83 
2.00 
2.17 
2.25 
2.33 
2.33 

3.25 

3.25 

3.17 

3.08 

3.00 

3.00 

tJ.OO 

3.00- 

3.08 

3.08 

3.08 

3.17 

3.25 

8.42 

18 

W 

20 

21 

22 

2.92 
2.92 

23 

2.83 

21 

2.83 

25 

7. 76  :  3. 75 
7.58     3.67 

2.  75 

26 

2.76 

27 

7.42 
7.25 
7.08 
6.92 

3.67 
3.68 
3.58 
3.50 
3.50 

2.75 

28 

2S 

30 

31 

2.67 
2.58 
2.50 
2.50 

April  4,  waste  gates  opened.    Flashboards  were  carried  oat  in  high  water  of  April  and  May. 
^r  10,  waste  gates  closed. 


Octo- 


Spokane  River  at  dam  of  the  Waehington  Water  Power  Company ^  Spokane,  Washington^ 

for  1895, 


Day. 

Jan. 

Feb. 

Mar. 

4.83 
4.83 

Apr. 

May. 

June. 

July. 

Aug. 

Sept. 

2.75 
2.75 
2.75 
2.75 
2.83 
2.83 
2.83 
2.92 
3.00 
3.00 
3.00 
3.08 
3.17 
3.00 
3.00 
3.00 
3.00 
3.00 
3.00 
3.0O 
3.00 
3.00 
3.00 
3.00 
3.00 
3.00 
3.00 
3.00 
3.00 
3.00 

Oct. 

Nov. 

Dec. 

1 

2.42 
2.42 
2.33 
2.33 
2.25 
2.25 
2.25 
2.25 
2.25 
2.33 
2.33 
2.42 
2.67 
3.08 
3.60 
4.00 
4.38 
4.33 
4.33 
4.33 
4.42 
4.25 
4.26 
4.17 
4.17 
4.08 
4.00 
8.83 
3.67 
3.67 
3.68 

8.50 
3.42 
3.42 
3.26 
3.17 
3.17 
3.08 
3.00 
2.92 
2.83 
2.83 
2.76 
2.75 
2.67 
2.68 
2.68 
2.68 
2.68 
2.50 
2.60 
2.50 
2.50 
2.67 
3.17 
3.68 
4.00 
4.33 
4.67 

4.17 
4.33 

7.00 
7.17 

6.00 
6.00 

3.33 
3.26 
3.00 
3.00 
3.00 
3.00 
2.83 
2.83 
2.75 
2.67 
2.67 
2.58 
2.58 
2.50 
2.50 
2.42 
2.42 
2.42 
2.33 
2.33 
2.25 
2.25 
2.17 
2.08 
2.00 
2.00 
2.00 
2.00 
1.92 
1.83 
1.75 

1.75 
1.75 
1.75 
1.75 
1.67 
1.67 
1.58 
1.68 
1.58 
1.68 
1.58 
1.60 
1.50 
1.42 
1.42 
1.42 
1.42 
1.83 
1.25 
1.17 
1.08 
1.00 
.00 
.00 
.00 
.00 
.00 
2.75 
2.76 
2.75 
2.75 

3.00 
8.00 
3.00 
3.00 
3.00 
3.00 
3.00 
3.00 
3.00 
3.00 
3.00 
8.00 
3.00 
3.00 
3.00 
3.00 
3.00 
3.00 
3.00 
3.00 
3.00 
3.00 
3.00 
3.00 
2.83 
2.83 
2.67 
2.67 
2.83 
3.00 
3.00 

3.00 
3.00 
8.00 
8.00 
3.00 
3.08 
3.08 
3.17 
8.17 
3.17 
3.17 
3.17 
3.17 
3.17 
3.17 
3.17 
8.17 
3.17 
3.17 
3.17 
3.17 
3.17 
3.17 
3.17 
3.17 
8.17 
3.25 
8.33 
3.33 
3.33 

3.60 
3.50 
3.50 
8.60 
3.50 
3.50 
3.60 
3.50 
3.60 
3.60 
3.50 
3.58 
3.68 
3.67 
3.67 
3.67 
8.67 
3.67 
3.67 
3.67 
3.67 
3.67 
8.67 
3.67 
3.67 
8.67 
3.67 
3.67 
3.75 
3.75 
3.75 

1 

1 

1 

1 

1 

1 

i 

2 

3 

4. 92     4. 42 
5. 00     4. 50 
6.08  :  4.67 
5.  08     4. 67 

7. 17  1  6.  83 
7.  25  i  5.  75 
7.  25     5.  67 
7.33  j  5.58 

4 

5 

6 

7 

6.00 
4.83 
4.83 
4.75 
4.67 
4.50 
4.50 
4.42 
4.42 
4.42 
4.25 
4.17 
4.17 
4.00 
4.00 

4.75 
4.75 
4.75 
4.83 
4.92 
5.00 
6.00 
6.17 
5.25 
5.33 
5.50 
6.67 
5.67 
5.75 
5.75 

7.50 
7.50 
7.58 
7.67 
7.67 
7.50 
7.33 
7.00 
7.00 
6.83 
6.75 
6.75 
6.67 
6.58 
6.68 

5.68 
5.50 
5.33 
6.00 
5.00 
5.00 
5.00 
5.00 
4.67 
4.50 
4.33 
4.25 
4.17 
4.08 
4.00 

8 

» 

10 

n 

12 

13 

14 

15 

W 

17 

18 

19 

20 

21 

22 

23 

3. 92  !  6. 75 . 
3. 83     5. 83 

6.58  1  3.83 
6. 58     3. 83 

24 

3.75 
3.75 
3.75 
3.75 
8.67 
3.67 
3.67 

5.83 
6.00 
6.17 
6.50 
6.67 
6.92 
7.00 

6.50 
6.33 
6.33 
6.17 
6.00 
6.00 
6.00 
6.00 

3.67 
3.58 
3.50 
3.50 
3.60 
3.60 
3.50 
...... 

25 

26 

27., 

28 

29 

30 

81 

4.00    

1 

Aiignst  23,  waste  gates  opened.    August  25,  flashboards  put  in.    August  28,  one  waste  gate  closed. 
September  6,  other  waste  gate  closed. 
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[MO.  11. 


Spokane  Biver  at  Spokane,  Washington,  for  1896, 


Bay. 

Jan. 

Feb. 

Mar. 

Apr. 

May. 

Jnne. 

July. 

Aug. 

Sept. 

Oct. 

Not. 

Bee. 

1 

8.75 
8.75 
3.75 
8.75 
8.83 
3.83 
8.83 
3.83 
8.92 
3.92 
8.92 
8.98 
4.00 
4.00 
4.00 
4.00 
4.00 
4.00 
4.17 
4.17 
4.88 
4.42 
4.60 
4.50 
4.67 
4.67 
6.00 
5.00 
5.00 
6.00 
6.00 

5.00 
6.00 
6.00 
5.00 
5.00 
5.00 
5.00 
6.00 
6.00 
6.00 
5.00 
5.00 
5.00 
5.00 
6.00 
5.00 
5.17 
6.17 
5.17 
5.83 
6.83 
5.38 
5.83 
5.33 
5.42 
5.42 
5.42 
6.83 
6.33 

6.33 
6.17 
6.17 
6.00 
6.00 
6.00 
6.00 
6.00 
6.00 
6.00 
6.00 
6.00 
6.00 
6.00 
6.00 
6.00 
5.83 
5.83 
5.67 
5.67 
6.67 
5.83 
6.00 
6.33 
7.00 
7.00 
7.33 
7.50 
7.50 
7.67 
7.67 

7.67 
7.50 
7.60 
7.60 
7.33 
7.17 
6.83 
6.83 
6.67 
6.67 
6.67 
6.67 
6.75 
6.92 
6.92 
7.33 
7.60 
7.68 
7.58 
7.68 
7.60 
7.33 
7.17 
7.08 
7.00 
7.00 
7.08 
7.17 
7.17 
7.25 

7.83 
7.42 
7.42 
7.50 
7.50 
7.58 
7.58 
7.67 
7.67 
7.75 
7.75 
7.75 
7.75 
7.75 
7.75 
7.75 
7.75 
7.67 
7.67 
7.58 
7.50 
7.60 
7.50 
7.50 
7.58 
7.58 
7.67 
7.75 
7.83 
8.00 
8.17 

1 

8.42 
8.67 
8.67 
8.75 
8.75 
8.83 
8.92 
8.83 
8.75 
8.76 
8.75 
8.75 
8.67 
8.67 
8.58 
8.58 
8.58 
8.58 
8.58 
8.58 
8.50 
8.50 
8.60 
8.60 
8.60 
8.42 
8.33 
8.33 
8.25 
8.17 

8.00 
7.83 
7.67 
7.50 
7.33 
7.08 
6.33 
6.68 
6.33 
6.17 
6.00 
5.83 
5.67 
5.60 
5.26 
6.00 
4.76 
4.58 
4.42 
4.25 
4.17 
4.00 
4.00 
3.83 
3.67 
3.50 
3.42 
8.42 
8.42 
8.33 
8.88 

3.25 
3.25 
8.17 
3.08 
3.00 
3.00 
2.92 
2.83 
2.83 
2.76 
2.75 
2.67 
2.67 
2.58 
2.58 
2.50 
2.42 
2.42 
2.33 
2.38 
2.25 
2.17 
2.17 
2.08 
2.08 
2.08 
2.08 
2.08 
2.00 
1.92 
1.92 

1.83 
1.83 
1.83 
1.76 
1.75 
1.75 
1.67 
1.67 
1.67 
1.67 
1.67 
1.58 
1.58 
1.58 
1.58 
1.58 
1.68 
1.68 
1.68 
1.68 
1.68 
1.68 
1.50 
1.50 
1.50 
1.50 
1.60 
1.50 
1.42 
1.42 

1.42 
1.42 
1.83 
1.33 
1.83 
1.33 
1.83 
1.38 
1.25 
1.25 
1.25 
1.25 
1.25 
1.25 
1.25 
1.25 
1.26 
1.25 
L25 
1.25 
1.25 
1.17 
1.17 
1.17 
al.4 
1.45 
1.45 
1.40 
1.40 
1.40 
1.40 

L40 
1.60 
1.50 
1.50 
1.55 
1.65 
1.60 
1.60 
1.65 
1.65 
1.70 
1.80 
1.80 
L80 
2.10 
8.10 
4.85 
6.80 
6.00 
6.80 
6.80 
6.85 
6.35 
6.20 
6.20 
6.00 
6.60 
6.60 
5.20 
6.00 

4.70 
4.60 
4.60 
4.70 
5.20 
5.60 
5.60 
5.85 
6.10 
6.30 
6.50 
6.60 
6.90 
7.20 
7.50 
7.60 
7.60 
7.50 
7.40 
7.20 
7.10 
7.00 
6.70 
6.60 
6.60 
6.20 
6.10 
6.00 
6.80 
6.60 
5.50 

2 

8 

4 

5 

6 

7 

8 

9 

10 

11 

12 

18 

14 

15 

16 

17 

18 

10 

20 

21 

22 

28 

24 

25 

26 

27 

28 

29 

80 

81 

aNew  gage  rod. 


Umatilla  River  at  G^hhon,  Oregon, 


Bay. 

July. 

Aug. 

Sept. 

Oct. 

KOT. 

Bee. 

Bay. 

July. 

Aug. 

Sept. 

Oct 

Not. 

Bee. 

1 

0.80 
.75 
.75 
.90 
.85 
.85 
.85 
.85 
.85 
.85 
.85 
.86 
.85 
.86 
.85 
.80 

0.80 
.80 
.80 
.80 
.80 
.80 
.80 
.80 
.80 
.80 
.90 
.90 
.85 
.85 
.85 
.85 

0.80 
.80 
.80 
.80 
.80 
.80 
.80 
.80 
.80 
.90 
.90 
.85 
.85 
.85 
.85 
.80 

1.00 
1.00 
1.00 
1.10 
1.10 
1.00 
1.00 
2.30 
1.90 
2.20 
1.90 
1.70 
1.70 
3.20 
4.10 
4.00 

1.60 
1.60 
1.60 
2.05 
2.45 
2.40 
2.30 
2.20 
2.20 
2.30 
2.35 
3.90 
3.80 
3.20 
2.80 
2.56 

17 

0.80 
.80 
.80 
.80 
.80 
.80 
.80 
.80 
.80 
.80 
.80 
.80 
.80 
.80 
.90 

0.80 
.80 
.80 
.80 
.80 
.80 
.80 
.80 
.80 
.80 
.80 
.80 
.80 
.80 

0.80 
.85 
.85 
.85 
.85 
.85 
.80 
.80 
.80 
.80 
.85 
.85 
.85 
.90 

1.15 

4.00 
3.80 
8.45 
3.00 
2.70 
2.45 
2.30 
2.10 
2.05 
1.96 
1.80 
1.76 
1.65 
1.60 

2.40 
2.30 
2.25 
2.20 
2.10 

"loi" 

2.00 
1.90 

i.ib 

1.85 
1 

1.80 

2 

18 

8 

19 

4 

20 

6 

21 

6 

22 

23 

24 

25 

26 

27 

28 

89 

30 

31 

0.85 
.90 
.85 
.85 
.85 
.85 
.85 
.85 
.80 
.80 

7 

8 

9 

10 

11 

12 

13 

14 

15 

••.••• 

16 

DATS.] 
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Sacramento  River  at  Bedhluff,  Calif omia. 


Dfty. 


1. 
1. 

3. 

4. 

5. 

6. 

7. 

8. 

9. 
10. 
11. 
12. 
13. 
U. 
15. 
16. 
17. 
U. 
19. 

a. 

22. 
23. 
24. 
2S. 

at. 

27. 
28. 
28. 
38. 
31. 


Jftn. 


1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
LOO 
1.00 
1.00 
1.00 
8.20 

7.ao 

11.00 
28.60 
23.00 
22.80 
20.90 
22.40 
18.00 
14.80 
13.20 
19.00 
16.00 
24.10 
19.90 
16.10 
12.00 
9.40 


Feb. 


10.70 
8.90 
7.00 
6.90 
6.20 
5.90 
5.20 
4.90 
4.70 
4.00 
4.20 
4.10 
4.00 
8.80 
3.80 
3.70 
8.40 
3.20 
3.10 
3.00 
2.90 
2.90 
2.90 
2.70 
2.70 
2.70 
2.70 
2.80 
2.80 


8.40 
8.40 
8.30 
8.00 
8.10 
8.80 
5.50 
5.80 
6.20 
5.40 
4.90 
4.40 
4.40 
4.40 
4.20 
4.00 
4.00 
3.90 
8.90 
4.00 
6.60 
7.80 
9.90 
1L90 
13.10 
13.00 
15.50 
18.00 
10.40 
8.60 
8.20 


Apr. 


7.40 
6.90 
6.30 
6.00 
6.80 
7.20 
9.00 
8.50 
7.10 
7.30 
6.90 
6.40 
6.10 
7.20 
6.60 
6.10 
6.70 
6.40 
5.60 
5.20 
5.10 
6.20 
6.60 
18.70 
15.80 
13.50 
12.70 
11.40 
9.60 
0.20 


May. 


9.70 
9.20 
9.10 
16.90 
15.30 
12.00 
10.90 
9.80 
9.10 
8.40 
11.60 
9.80 
8.80 
A.  10 
7.60 
7.20 
6.80 
6.50 
6.20 
5.90 
5.80 
8.30 
8.10 
7.40 
6.60 
6.90 
6.80 
6.90 
6.90 
6.80 
6.50 


June. 


6.10 
5.90 
5.90 
5.80 
5.80 
5.80 
5.50 
5.40 
5.20 
4. 80 
4.40 
4.20 
4.20 
4.20 
4.20 
4.00 
3.90 
3.80 
3.60 
8.40 
3.30 
8.20 
3.10 
2.90 
2.90 
2.80 
2.70 
2.60 
2.50 
2.50 


July. 

Aug. 
0.70 

Sept. 

Oct. 

2.40 

0.40 

0.40 

2.30 

.70 

.40 

.40 

2.30 

.70 

.40 

.40 

2.20 

.60 

.30 

.40 

2.10 

.60 

.30 

.40 

1.90 

.60 

.30 

.30 

1.90 

.50 

.30 

.80 

1.80 

.50 

.30 

.30 

1.70 

.60 

.30 

.30 

1.70 

.50 

.30 

.30 

1.70 

.50 

.30 

.30 

1.70 

.50 

.30 

.30 

1.00 

.40 

.30 

.30 

1.60 

.40 

.30 

.30 

1.60 

.40 

.30 

.30 

1.60 

.40 

.30 

.30 

1.50 

.40 

.30 

.30 

1.40 

.40 

.80 

.30 

1.30 

.40 

.30 

.30 

1.30 

.40 

.60 

.30 

1.30 

.40 

.60 

.30 

1.20 

.40 

.60 

.30 

1.20 

.40 

.50 

.30 

1.10 

.40 

.60 

.30 

1.10 

.40 

.60 

.30 

1.10 

.40 

.40 

.80 

1.00 

.40 

.40 

1.80 

1.00 

.40 

.40 

.90 

.90 

.30 

.40 

.70 

.90 

.30 

.40 

.70 

.80 

.30 

.60 

Not. 


0.80 

.70 

.60 

.50 

.50 

.50 

.30 

.40 

.80 

.80 

.80 

.60 

.00 

.60 

.60 

1.20 

6.00 

5.20 

3.00 

3.40 

2.80 

2.90 

6.70 

12.50 

7.60 

3.90 

8.20 

2.70 

3.30 

8.30 


Dec. 


3.60 

4.50 

4.80 

4.00 

8.90 

4.20 

4.20 

4.00 

4.00 

4.00 

4.60 

4.80 

6.20 

10.60 

20.60 

14.40 

9.70 

9.20 

8.30 

7.30 

7.10 

7.10 

7.60 

0.40 

8.20 

10.40 

11.60 

16.40 

16.20 

10.80 

9.40 


Saeramento  Biver  at  Jellys  Ferry f  California. 


Day. 

Jan. 

Peb. 

Mar. 

Apr. 

M»y. 

Jane. 

July. 

Aug. 

Sept 

Oct. 

5.60 

Nov. 

Dec. 

1 

6.70 

13.60 

7.90 

11.30 

12.90 

10.30 

6.90 

5.90 

5.70 

5.90 

6.80 

2 

6.70 

12.90 

7.80 

10.80 

13.30 

10.30 

6.80 

5.90 

5.70 

5.60 

5.80 

6.90 

3 

5.70 

11.90 

7.90 

10.40 

13.40 

10.10 

6.70 

5.90 

5.60 

5.60 

6.80 

7.00 

4 

6.70 

11.20 

7.70 

10.10 

21.20 

10.10 

6.70 

5.80 

5.60 

5.60 

6.70 

7.00 

5 

6.70 

10.60 

7.70 

10.20 

19.00 

10.10 

6.60 

5.80 

6.60 

5.60 

6.70 

7.00 

6 

5.70 

10.10 

8.10 

12.50 

16.50 

10.00 

6.60 

5.80 

5.60 

5.60 

5.70 

7.10 

7 

6.70 

0.80 

0.60 

11.60 

15.10 

9.80 

6.60 

6.80 

5.60 

5.50 

5.70 

7.10 

8 

6.70 

9.40 

10.30 

11.50 

14.00 

9.70 

6.50 

5.80 

6.60 

5.50 

6.70 

7.00 

8 

5.70 

9.10 

10.60 

11.80 

13.10 

0.40 

6.50 

5.80 

6.60 

5.50 

6.70 

6.90 

10 

5.70 

9.00 

9.70 

10.60 

12.40 

9.20 

6.60 

5.80 

5.60 

5.50 

6.10 

6.80 

U 

5.70 

8.70 

9.80 

10.40 

14.60 

8.90 

6.40 

5.70 

6.60 

5.50 

5.90 

6.70 

12 

5.70 

8.60 

9.00 

10.20 

18.70 

8.80 

6.40 

5.70 

5.60 

6.60 

5.80 

7.20 

13 

5.70 

8.30 

8.90 

11.20 

12.90 

8.60 

6.40 

5.70 

5.60 

5.50 

5.80 

11.20 

14 

5.90 

8.20 

8.80 

10.50 

12.40 

8.00 

6.30 

5.70 

5.60 

5.50 

5.70 

16.30 

15 

11.20 

8.10 

8.50 

10.10 

11.90 

8.40 

6,30 

5.70 

5.50 

5.60 

5.70 

24.00 

U 

19.00 

7.90 

8.50 

9.80 

11.30 

»8.30 

6.30 

5.70 

5.50 

5.50 

8.00 

16.70 

17 

27.70 

7.80 

8.40 

0.60 

10.90 

8.20 

6.30 

5.70 

5.50 

5.50 

11.70 

13.20 

18 

23.70 

7.70 

8.30 

9.60 

10.70 

8.00 

6.20 

5.70 

5.50 

5.50 

9.00 

11.10 

18 

22.80 

7.60 

8.20 

0.60 

10.60 

8.00 

6.20 

6.70 

5.50 

5.50 

7.50 

9.90 

20 

27.80 

7.50 

8.80 

0.30 

10.20 

7.80 

6.20 

5,70 

5.70 

5.50 

8.50 

0.30 

21 

26.50 

7.50 

10.60 

9.40 

10.00 

7.70 

6.10 

5.70 

5.70 

5.50 

7.40 

8.80 

22 

21.80 

7.50 

11.80 

9.40 

12.60 

7.60 

6.10 

5.70 

5.70 

5.60 

10.50 

8.40 

23 

19.50 

7.40 

14.10 

10.00 

12.30 

7.60 

6.10 

5.70 

6.70 

5.50 

10.60 

8.00 

24 

18.30 

7.40 

16.30 

18.50 

11.60 

7.40 

6.00 

5.60 

6.70 

5.50 

15.40 

7.00 

35 

21.90 

7.30 

17.00 

16.90 

11.00 

7.30 

6.00 

5.00 

5.70 

5.50 

11.40 

7.70 

26 

20.50 

7.30 

17.80 

15.80 

10.90 

7.20 

6.00 

5.00 

5.70 

6.60 

9.30 

7.60 

27 

29.70 

7.50 

10.10 

14.20 

10.90 

7.10 

6.00 

5.60 

6.60 

6.60 

8.30 

10.00 

28 

24.30 

8.10 

16.40 

18.10 

10.80 

7.10 

6.00 

5.60 

5.60 

5.90 

7.70 

15.20 

29 

19.80 

7.90 

14.60 

12.90 

11.00 

7.00 

6.00 

5.60 

5.60 

5.70 

7.20 

16.60 

30 

17.00 

13.80 

13.60 

11.00 

7.00 

6.00 

6.60 

5.60 

5.70 

7.10 

16.20 

31 

14.60 

12.20 

10.60 

5.90 

5.70 

5.70 

16.40 

BITEB   HEIGHTS  FOB  1896. 
Spohane  Bivtr  at  Spokane,  Waakington,  for  1896. 
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Sacramento  River  at  Bedbluff,  Califamia, 


Day. 

Jan. 

Feb. 

Mai. 

Apr. 

M»y. 

Jane. 

6.10 
5.90 
5.90 
5.80 
5.80 
5.80 
5.50 
5.40 
5.20 
4.80 
4.40 
4.20 
4.20 
4.20 
4.20 
4.00 
3.90 
3.80 
3.60 
3.40 
3.30 
3.20 
8.10 
2.90 
2.90 
2.80 
2.70 
2.60 
2.60 
2.50 

Jaly. 

2.40 
2.80 
2.30 
2.20 
2.10 
1.90 
1.90 
1.80 
1.70 
1.70 
1.70 
1.70 
1.60 
1.60 
1.60 
1.60 
1.50 
1.40 
1.80 
1.30 
1.30 
1.20 
1.20 
I.IO 
1.10 
1.10 
1.00 
1.00 
.90 
.90 
.80 

Aug. 

0.70 
.70 
.70 
.60 
.60 
.60 
.50 
.50 
.50 
.50 
.50 
.50 
.40 
.40 
.40 
.40 
.40 
.40 
.40 
.40 
.40 
.40 
.40 
.40 
.40 
.40 
.40 
.40 
.30 
.30 
.30 

Sept. 

Oct. 

Nov. 

Deo. 

1 

2 

3 

4 

1.00 

1.00 

1.00 

1.00 

1.00 

1.00 

1.00 

1.00 

1.00 

1.00 

1.00 

1.00 

1.00 

8.20 

7.20 

11.60 

23.50 

23.00 

22.30 

20.90 

22.40 

19.00 

14.80 

13.20 

19.60 

16.00 

24.10 

19.90 

16.10 

12.00 

9.40 

10.70 
8.90 
7.90 
6.90 
6.20 
5.90 
5.20 
4.00 
4.70 
4.60 
4.20 
4.10 
4.00 
8.80 
3.80 
3.70 
8.40 
3.20 
3.10 
3.00 
2.90 
2.90 
•i.90 
2.70 
2.70 
2.70 
2.70 
2.80 
2.80 

8.40 
8.40 
8.30 
8.00 
8.10 
3.80 
6.50 
5.80 
6.20 
5.40 
4.90 
4.40 
4.40 
4.40 
4.20 
4.00 
4.00 
3.90 
3.90 
4.00 
6.60 
7.30 
9.90 
1L90 
13.10 
13.60 
15.50 
13.00 
10.40 
8.50 
8.20 

7.40 
6.90 
6.30 
6.00 
5.80 
7.20 
9.00 
8.50 
7.10 
7.30 
6.90 
6.40 
6.10 
7.20 
6.50 
6.10 
6.70 
5.40 
5.50 
5.20 
5.10 
5.20 
5.60 
13.70 
15.30 
13.50 
12.70 
11.40 
9.50 
0.20 

1 

9.70 
9.20 
9.10 
16.90 
15.30 
12.60 
10.90 
9.80 
9.10 
8.40 
11.50 
9.80 
8.80 
8.10 
7.60 
7.20 
6.80 
6.50 
6.20 
5.00 
5.80 
8.30 
8.10 
7.40 
6.60 
6.90 
6.80 
6.90 
6.90 
6.80 
6.50 

0.40 
.40 
.40 
.30 
.30 
.30 
.30 
.30 
.30 
.30 
.30 
.80 
.30 
.30 
.30 
.30 
.30 
.30 
.30 
.60 
.60 
.60 
.60 
.50 
.50 
.40 
.40 
.40 
.40 
.40 

0.40 
.40 
.40 
.40 
.40 
.30 
.30 
.30 
.30 
.30 
.30 
.30 
.30 
.30 
.30 
.30 
.30 
.30 
.30 
.30 
.30 
.80 
.30 
.30 
.30 
.30 

1.80 
.00 
.70 
.70 
.60 

0.80 

.70 

.60 

.50 

.50 

.50 

.30 

.40 

.80 

.80 

.80 

.60 

.60 

.60 

.60 

1.20 

6.60 

5.20 

3.00 

3.40 

2.80 

2.90 

6.70 

12.60 

7.60 

3.90 

3.20 

2.70 

3.30 

3.30 

3.60 

4.50 

4.80 

4.00 

8.90 

4.20 

4.20 

4.00 

4.00 

4.00 

4.60 

4.80 

6.20 

10.60 

20.60 

14.40 

9.70 

0.20 

8.30 

7.30 

7.10 

7.10 

7.60 

9.40 

8.20 

10.40 

11.60 

16.40 

15.20 

10.80 

9.40 

5 

6 

7 

8 

9 

10 

11 

12 

13 

u 

15 

16 

17 

18 

19 

» 

21 

22 

23 

34 

25 

26 

27 

28 

29 

30 

31 

Sacramento  River  at  Jelly$  Ferry,  California. 


D»y. 

Jan. 

Feb. 

Mar. 

Apr. 

May. 

Jane. 

July. 

Aag. 

Sept. 

Oct. 
5.60 

Nov. 

Deo. 

1 

6.70 

13.60 

7.90 

11.30 

12.90 

10.30 

6.90 

5.90 

5.70 

5.90 

6.80 

2 

6.70 

12.90 

7.80 

10.80 

13.30 

10.30 

6.80 

5.90 

5.70 

5.60 

5.80 

6.90 

3 

5.70 

1L90 

7.90 

10.40 

13.40 

10.10 

6.70 

5.90 

5.60 

5.60 

5.80 

7.00 

4 

6.70 

1L20 

7.70 

10.10 

21.20 

10.10 

6.70 

5.80 

5.60 

5.60 

5.70 

7.00 

6 

5.70 

10.60 

7.70 

10.20 

19.00 

10.10 

6.60 

5.80 

5.60 

5.60 

5.70 

7.00 

6 

5.70 

10.10 

8.10 

12.50 

16.50 

10.00 

6.60 

5.80 

5.60 

5.60 

5.70 

7.10 

7 

5.70 

9.80 

9.60 

11.50 

15.10 

9.80 

6.60 

5.80 

5.60 

5.50 

5.70 

7.10 

8 

5.70 

9.40 

10.30 

11.50 

14.00 

9.70 

6.50 

5.80 

5.60 

5.50 

6.70 

7.00 

9 

5.70 

9.10 

10.60 

11.80 

13.10 

9.40 

6.50 

5.80 

5.60 

5.50 

5.70 

6.90 

10 

5.70 

9.00 

0.70 

10.60 

12.40 

9.20 

6.50 

5.80 

5.60 

5.50 

6.10 

6.80 

11 

5.70 

8.70 

9.80 

10.40 

14.60 

8.90 

6.40 

5.70 

5.60 

5.50 

5.90 

6.70 

12 

6.70 

8.60 

9.00 

10.20 

18.70 

8.80 

6.40 

5.70 

5.60 

6.50 

5.80 

7.20 

18 

5.70 

8.30 

8.90 

11.20 

12.90 

8.60 

6.40 

5.70 

5.60 

5.50 

5.80 

11.20 

14 

5.90 

8.20 

8.80 

10.50 

12.40 

8.60 

6.80 

5.70 

5.60 

5.50 

5.70 

16.30 

15 

11.20 

8.10 

8.50 

10.10 

11.90 

8.40 

6,30 

5.70 

5.50 

6.50 

5.70 

24.00 

16 

19.00 

7.90 

8.50 

9.80 

11.30 

^8.30 

6.30 

5.70 

5.50 

5.50 

8.00 

16.70 

17 

27.70 

7.80 

8.40 

0.60 

10.90 

8.20 

6.30 

5.70 

5.50 

5.50 

11.70 

13.20 

18 

23.70 

7.70 

8.30 

9.60 

10.70 

8.00 

6.20 

5.70 

5.50 

5.50 

9.00 

11.10 

19 

22.80 

7.60 

8.20 

9.60 

10.50 

8.00 

6.20 

5.70 

5.50 

5.50 

7.60 

9.90 

20 

27.80 

7.50 

8.80 

9.30 

10.20 

7.80 

6.20 

5,70 

5.70 

5.50 

8.50 

0.30 

21 

26.50 

7.50 

10.60 

9.40 

10.00 

7.70 

6.10 

5.70 

5.70 

6.50 

7.40 

8.80 

22 

21.80 

7.50 

11.80 

9.40 

12.60 

7.60 

6.10 

6.70 

6.70 

5.50 

10.50 

8.40 

83 

19.50 

7.40 

14.10 

10.00 

12.30 

7.50 

6.10 

5.70 

5.70 

5.50 

10.60 

8.00 

24 

18.30 

7.40 

16.30 

18.50 

11.60 

7.40 

6.00 

5.60 

6.70 

5.50 

15.40 

7.90 

25 

21.90 

7.30 

17.00 

16.90 

11.00 

7.30 

6.00 

5.60 

5.70 

5.60 

11.40 

7.70 

26 

20.50 

7.30 

17.80 

15.80 

10.90 

7.20 

6.00 

5.60 

5.70 

6.60 

9.30 

7.60 

27 

29.70 

7.50 

19.10 

14.20 

10.90 

7.10 

6.00 

5.60 

5.60 

6.50 

8.30 

10.00 

28 

24.30 

8.10 

16.40 

13.10 

10.80 

7.10 

6.00 

5.60 

5.60 

5.90 

7.70 

15.20 

29 

10.80 

7.90 

14.60 

12.90 

11.00 

7.00 

6.00 

5.60 

5.60 

5.70 

7.20 

15.60 

30 

17.00 

13.80 

13.50 

11.  UO 

7.00 

6.00 

5.60 

5.60 

5.70 

7.10 

16.20 

81 

14.60 

12.20 

10.60 

5.90 

5.70 

6.70 

16.40 

90 
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StaniBlauB  Biver  at  Oakdal-e,  California, 


Day. 

Jan. 

Feb. 

Mar. 

Apr. 

May. 

June. 

July. 

Aug. 

2.80 
2.70 
2.70 
2.40 
2.70 
2.60 

Sept 

3.60 
3.20 
2.80 
2.60 
2.50 

2.  RO 

Oct. 

Nov. 

Dec. 

1 

2 

2.00 
2.10 
2.10 
2.10 
2.10 
2.10 
2.10 
2.10 
2.10 
2.10 
2.10 
2.00 
2.20 
3.20 
2.20 
2.30 
3.70 
5.90 
6.60 
8.30 
8.30 
7.20 
5.50 
4.90 
4.50 
4.40 
7.70 
7.20 
5.00 
4.50 
3.90 

3.90 
3.80 
3.70 
8.60 
3.60 
3.40 
3.30 

3.70 
3.40 
3.50 
3.40 
3.30 
3.30 
3.30 

5.40 
5.30 
5.20 
5.00 
4.80 
5.60 
5.60 
5.00 
4.90 
5.10 
4.90 
5.00 
5.10 
7.60 
6.30 
5.70 
5.40 
6.10 
4.90 
4.70 
4.70 
4.90 
5.10 
9.30 
9.50 
7.60 
6.40 
5.90 
5.70 
5.60 

5.60 
5.60 
5.60 
5.70 
6.30 
5.80 
5.40 
5.30 
5.20 
5.00 
5.20 
5.70 
5.40 
5.90 
6.10 
5.90 
6.00 
6.00 
5.70 
5.60 
5.90 
0.20 
6.80 
7.10 
7.90 
9.00 
9.60 
10.40 
11.50 
9.90 
10.30 

9.90 
10.60 
9.10 
8.20 
8.30 
8.60 
8.70 
9.10 
9.90 
0.50 
8.60 
9.10 
8.60 

5.00 
4.80 
4.70 
4.60 
4.70 
5.70 
5.00 
4.70 
4.00 
4.60 
4.60 
4.30 
4.10 

2.30 
2.30 
2.30 
2.50 
2.20 
2.20 
2.20 
2.20 
2.20 
2.30 
2.30 
2.20 
2.20 
2.20 
2.20 
2. 20 
2.20 
2.20 
2.20 
2.20 
2.20 
2.20 
2.20 
2.20 
2.20 
2.20 
2.50 
2.60 
2.40 
2.30 
2.30 

2.40 
2.40 
2.40 
2.40 
2.40 
2.30 
2.30 
2.40 
3.80 
3.30 
2.80 
2.60 
2.50 
2.50 
2.50 
2.50 
2.50 
2.60 
2.70 
2.70 
2.90 
3.10 
3.00 
6.70 
5.50 
4.00 
3.6<^ 
3.40 
3.10 
3.00 

"  * ' 

3.00 
3.00 
3.00 
3.00 
2.90 
2.90 
2  90 
2.80 
2.80 
2.80 
2.80 
2.80 
4.50 
4.00 
3.50 
3.50 
3.30 
3.10 
3.00 
3.00 
2.90 
2.90 
2.90 
2.80 
2.80 
2.90 
3.30 
3.40 
3.30 
3.20 
4.30 

3 

4 

5 

6 

7 

2. 50     2-  50 

8 

3.30 

3.30 

2.50 
2.50 
2.50 
2.50 

2.70 
2.50 
2.50 
2.  Rfl 

9 

3.20 
3.20 
3.20 
3.20 
3.10 
3.10 
3.10 
3.10 
3.10 
3.10 
3.20 
3.20 
3.20 
3.20 
3.20 
3.20 
3.20 

3.30 
3.30 
3.20 
3.50 
3.60 
3.70 
3.90 
4.00 
4.80 
4.70 
4.50 
4.00 
6.10 
6.60 
6.40 
6.10 

6..qo 

10 

11 

12 

13 

2.59  '  2.40 
2.50  1  2.40 

14 

15 

9.00  1  3.80 
8.80  '  3.70 

2.50 
2.50 
2.40 
2.40 
2.40 
2.40 
2.40 
2.50 
2.50 
2.40 
2.60 
2.50 
2.40 
2.30 
2.20 
2.20 
2.30 
5,10 

2.30 
2.80 
2.30 
2.30 
2.30 
2.30 
2.30 
2.40 
2.40 
2.40 
2.40 
2.40 
2.40 
2.40 
2.40 
2.30 
2.30 

16 

&20 
8.40 
7.90 
7.00 
6.90 
7.60 
7.50 
6.80 
7.10 
6.50 
6.00 
6.00 
6.00 
5.90 
5.30 

3.60 
3.50 
3.70 
3.60 
3.50 
3.40 
3.30 
3.30 
3.20 
3.10 
3.10 
3.10 
3.00 
3.00 
2.90 
9  AO 

17 

18 

19 

20 

21 

22 

23 

24 

25 

26 

3.30  I  7.80 
3.40   11.00 

27 

28 

29 

30 

1    31 

3.50 
3.80 

7.30 
6.40 
6.10 
5.70 

1 

Tuolumne  Biver  at  Lagrange,  California, 


Day. 

Jan. 

Feb. 

5.80 
5.80 
5.60 
5.50 
5.60 
5.40 
5.40 
5.30 
5.30 
5.30 
.5.30 
5.80 
5.30 
5.30 
5.30 
5.30 
5.80 
5.30 
5.30 
5.30 
5.30 
5.30 
5.30 
5.30 
5.30 
5.30 
5.30 
5.30 
5.30 

Apr. 

May. 

6.40 
6.50 
6.70 
6.90 
7.00 
6.80 
6.70 
6.70 
6.70 
6.60 
6.70 
6.80 
6.60 
6.60 
6.60 
6.40 
6.40 
6.60 
6.30 
6.50 
6.80 
7.00 
6.90 
7.10 
7.80 
8.50 
8.90 
9.20 
10.20 
9.60 
9.60 

June. 

July. 

Aug. 

5.00 
5.00 
6.00 
4.90 
4.80 
4.80 
4.70 
4.70 
4.60 
4.50 
4.50 
4.50 
4.50 
4.50 
4.50 
4.50 
4.40 
4.40 
4.40 
4.50 
4.50 
4.50 
4.50 
4.40 
4.40 
4.40 
4.30 
4.30 
4.30 
4.30 
6.50 

Sept. 

Oct. 

Nov. 

Dec. 

5.10 
5.20 
5.20 
5.20 
5.20 
5.10 
5.10 
5.00 
5.00 
5.00 
5.00 
5.00 
6.80 
6.10 
5.7U 
5.60 
5.40 
5.20 
5.10 

1 

4.50 
4.50 
4.50 
4.50 
4.50 
4.50 
4.50 
4.50 
4.50 
4.50 
4.50 
4.50 
4.50 
4.50 
4.50 
4.90 
5.60 
8.50 
7.20 
8.30 
8.10 
7.30 
7.00 
6.70 
6.10 
5.60 
8.90 
7.60 
7.50 
7.10 
6.40 

*7.'6o' 

6.90 
6.60 
6.50 
6.40 
6.80 
6.50 
6.40 
6.30 
8.40 
9.10 
8.50 
8.10 
7.90 
7.20 
6.70 

9.30 
9.30 
9.60 
9.20 
9.30 
9.20 
9.60 
9.20 
9.60 
9.20 
9.20 
9.20 
9.40 
9.20 
9.60 
9.50 
9.20 
9.20 
9.10 
9.80 
8.50 
8.60 
8.60 
8.10 
8.20 
8.00 
7.90 
7.90 
8.10 
7.60 

7.40 
7.20 
7.10 
7.20 
7.70 
7.70 
7.50 
7.30 
7.40 
7.40 
7.40 
7.10 
6.80 
6.60 
6.30 
6.30 
6.40 
6.20 
6.10 
5.90 
5.90 
5.80 
5.70 
5.60 
5.40 
5.70 
5.60 
5.40 
5.30 
6.20 
5.10 

5.70 
5.20 
6.00 
4.90 
4.80 
4.70 
5.20 
5.10 
4.80 
4.70 
4.60 
4.60 
4.60 
4.40 
4.30 
4.20 
4.20 
4.20 
4.10 
4.10 
4.30 
4.30 
4.60 
4.60 
4.40 
4.30 
4.30 
4.30 
4.30 
4.20 

4.20 
4.20 
4.10 
4.10 
4.10 
4.10 
4.00 
4.00 
4.00 
4.00 
4.00 
4.00 
4.00 
3.90 
3.90 
3.90 
3.90 
.3.90 
3.90 
3.90 
3.90 
8.  DO 
3.90 
3.90 
3.90 
3.90 
4.20 
4.60 
4.40 
4.40 
4.40 

4.50 
4.50 
4.40 
4.30 
4.30 
4.30 
4.30 
4.30 
4.30 
6.40 
6.60 
5.20 
5.00 
4.90 
4.80 
4.70 
4.80 
5.10 
5.20 
5.20 
5.50 
5.30 
5.30 
7.90 
7.00 
6.20 
5.  "JO 
6.50 
6.30 
5.10 

2 

3 

4    

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

5.10 

21 

5.10 
5.00 
5.00 
5.00 
4.90 
4.90 
5.10 
5.40 
5.50 
5.30 
5.70 

22 

23 

24 

25 

26 

27 

28 

29 

30 

31 

DATII.] 


GAGE   HEIGHTS   IN   CALIFOBNXA. 


91 


Tuolumne  Biver  at  Modesto,  Caltfomia. 


D*y. 

Jan. 

Feb. 

Mar. 

Apr. 

7.60 

Hay. 

Jane. 

July. 

Aug. 

Sept 

Oct. 

Not. 

Dec. 

1 

3.80 

6.30 

6.00 

7.80 

16.40 

10.30 

5.30 

7.40 

3.70 

3.80 

5.20 

2 

3.80 

6.10 

5.60 

7.10 

7.80 

16.90 

9.90 

5.00 

6.00 

8.60 

3.80 

5.10 

3 

3.70 

5.90 

5.60 

7.20 

7.70 

17.00 

9  50 

4.80 

5.30 

3.60 

3.80 

5.00 

4 

3.60 

5.80 

5.30 

7.10 

7.90 

14.80 

9.60 

4.80 

4.90 

3.50 

3.80 

5.10 

t.:::::: 

8.60 

5.70 

5.20 

6.90 

8.10 

13.80 

9.50 

4.90 

4.80 

8.50 

3.70 

5.00 

3.60 

5.50 

5.10 

6.70 

8.70 

14.30 

12.50 

4.90 

4.40 

3.50 

3.70 

4.90 

7 

3.70 

5.30 

5.20 

7.20 

7.80 

15.30 

10.70 

4.70 

4.30 

3.50 

3.70 

4.80 

8 

3.70 

5.30 

5.30 

6.80 

7.50 

17.10 

10.00 

4.70 

4.80 

3.30 

3.70 

4.70 

9 

3.70 

5.30 

5.30 

6.70 

7.40 

17.60 

10.10 

4.60 

4.70 

3.30 

3.80 

4.60 

10 

3.70 

5.10 

5.40 

7.20 

7.10 

17.60 

10.30 

4.50 

4.60 

3.30 

3.80 

4.70 

11 

3.70 

5.30 

5.60 

7.20 

7.00 

16.30 

9.90 

4.60 

4.40 

3.30 

7.20 

4.70 

12 

3.80 

5.10 

5.80 

6.70 

7.70 

16.80 

10.50 

4.50 

4.30 

3.30 

5.70 

4.  GO 

13 

3.90 

5.10 

6.00 

6.80 

7.40 

16.80 

9.70 

4.50 

4.10 

3.20 

5.20 

4.60 

U 

3.90 

5.20 

6.30 

7.70 

7.70 

16.80 

9.30 

4.40 

3.90 

3.20 

4.70 

8.00 

15 

4.80 

5.00 

6.60 

10.20 

8.20 

16.70 

8.80 

4.30 

3.P0 

3.10 

4.50 

6.40 

18 

4.10 

5.00 

6.60 

8.00 

8.50 

16.70 

8.30 

4.20 

3.90 

8.10 

4.40 

6.30 

17 

4.40 

5.00 

6.60 

7.40 

8.10 

16.60 

8.20 

4.20 

8.70 

3.00 

4.40 

5.50 

18 

10.80 

5.20 

6.40 

6.60 

8.40 

16.70 

8.00 

4.10 

3.70 

3.00 

4.40 

5.30 

19 

15.30 

5.30 

6.10 

6.70 

8.30 

15.00 

7.90 

4.10 

3.70 

3.00 

4.70 

5.20 

20 

9.20 

5.30 

6.00 

6.70 

7.70 

13.90 

7.40 

4.10 

3.60 

3.00 

4.90 

4.80 

21 

15.20 

5.40 

7.80 

6.40 

7.70 

13.70 

7.20 

4.10 

3.50 

3.20 

4.00 

4.60 

22 

12.80 

5.40 

7.50 

6.50 

8.50 

13.80 

7.00 

4.00 

3.70 

3.20 

5.40 

4.60 

23 

10.30 

5.10 

8.00 

7.00 

8.50 

13.80 

6.80 

4.00 

3.80 

3.20 

5.30 

4.40 

24 

8.10 

5.10 

8.20 

6.80 

9.00 

13.50 

6.70 

4.00 

3.80 

3.20 

7.00 

4.30 

25 

6.90 

5.00 

8.00 

17.70 

10.40 

13.50 

6.40 

4.00 

4.00 

3.20 

11.70 

4.30 

26 

7.00 

5.40 

8.40 

11.70 

11.90 

12.30 

6.30 

4.00 

3.90 

3.20 

8.70 

4.30 

27 

9.30 

5.50 

15.10 

10.70 

13.40 

11.70 

6.70 

4.00 

3.80 

3.40 

6.50 

4.70 

28 

16.70 

5.50 

11.90 

9.70 

14.70 

11.50 

6.50 

3.90 

3.80 

4.20 

5.70 

4.00 

29 

9.00 

5.80 

9.50 

8.30 

16.70 

11.70 

6.10 

3.80 

3.80 

4.00 

5.50 

5.80 

30 

8.30 

8.40 

8.40 

17.60 

11.00 

5.80 

3.80 

3.70 

3.80 

5.30 

5.50 

31 

6.80 

8.00 

16.10 

5.60 

4.70 



3.80 

6.00 

San  Joaquin  Biver  at  HerndoHf  California. 


Day. 


1 

2 

3 

4 

5 

%Mm  m  m  m  m  m   m 

7 

9 

10 

11 

14 

1*1 

16....... 

18 

19 

^X  «•*«••• 

22 

23 

24 

25 

26 

27 

28 

30 

31 


Jan. 

Feb. 

Mar. 

Apr. 

May. 

2.60 

3.70 

3.80 

4.60 

4.50 

2.50 

3.70 

3.90 

4.40 

4.60 

2.50 

3.60 

3.80 

4.20 

4.70 

2.50 

3.60 

3.70 

4.10 

4.90 

2.60 

3.40 

3.50 

4.10 

4.90 

2.70 

3.30 

3.40 

4.00 

5.30 

2.70 

3.30 

3.40 

4.20 

4.80 

2.60 

3.20 

3.40 

4.00 

4.50 

2.60 

3.20 

3.50 

4.00 

4.50 

2.60 

3.30 

3.50 

4.00 

4.30 

2.60 

3.30 

3.60 

4.30 

4.30 

2.60 

3.30 

8.70 

4.20 

4.60 

2.60 

3.30 

3.80 

4.10 

4.60 

2.60 

3.30 

3.80 

4.20 

4.90 

2.6U 

3.30 

3.80 

4.10 

5.20 

2.80 

3.30 

4.00 

4.30 

5.20 

3.20 

3.30 

4.00 

5.60 

5.00 

4.20 

8.80 

4.00 

4.70 

5.20 

8.50 

3.30 

4.00 

4.20 

5.00 

6.00 

8.30 

4.00 

4.00 

4.80 

8.00 

3.30 

4.30 

4.00 

5.00 

6.50 

3.30 

4.30 

4.00 

5.00 

4.80 

3.30 

4.70 

3.90 

5.10 

4.30 

3.40 

4.80 

3.90 

5.60 

4.00 

3.40 

4.70 

4.00 

6.10 

3.80 

3.50 

4.80 

5.90 

7.10 

4.00 

3.50 

8.  HO 

5.40 

7.10 

5.00 

3.50 

5.90 

4.80 

8.10 

4.30 

3.80 

5.40 

4.60 

10.20 

4.00 

5.00 

4.70 

9.  .30 

3.80 

4.70 

8.50 

An^'  Sept 


9.20 
9.60 
9.70 
9.10 
9.10 
8.90 
8.80 
8.80 
8.70 
8.90 
8.70 
8.00 
7.60 
8.80 
8.80 
8.70 
8.90 
8.70 
8.00 
7.80 
8.00 
7.70 
7.30 
7.00 
7.00 
G.60 
6.40 
6.30 
6.30 
6.30 


5.90 
5.70 
5.50 
5.40 
6.0O 
6.60 
6.10 
5.80 
5.70 
5.80 
6.90 
6.10 
5.90 
5.60 
6.20 
4.80 
4.70 
5.20 
4.80 
4.70 
4.50 
4.40 
4.60 
4.50 
4.50 
4.50 
4.40 
4.00 
3.90 
3.70 
3.70 


3.50 
3.40 
3.50 
3.50 
3.40 
3.40 
3.30 
3.30 
3.30 
3.30 
3.  .30 
3.30 
3.30 
3.30 
3.30 
3.30 
3.30 
3.80 
8.50 
8.50 
3.40 
3.30 
8.30 
3.30 
3.30 
3.10 
3.00 
3.UU 
3.00 
3.00 
3.00 


3.40 
3.30 
8.20 
3.10 
3.00 
3.00 
■2.80 
3.20 
3.30 
3.10 
3.10 
2.90 
2.90 
2.80 
2.70 
2.70 
2.70 
2.70 
2.70 
2.60 
2.50 
2.50 
2.50 
2.50 
2.50 
2.60 
2.50 
2.50 
2.30 
3.30 


Oct. 


Nov.       Deo. 


2.30 
2.30 
2.30 
2.50 
2.50 
2.40 
2.40 
2.30 
2.30 
2.30 
2.30 
2.  .TO 
2.30 
2.30 
2.30 
2.30 
2.30 
2.30 
2.30 
2.30 
2.30 
2.40 
2.40 
2.30 
2.30 
2.30 
2.50 
2.50 
3.00 
3.00 
2.80 


2.80 
2.70 
2.70 
2.70 
2.70 
2.70 
2.70 
2.70 
2.70 
2.70 
3.30 
3.20 
3.00 
2.90 
2.90 
2.80 
2.80 
2.80 
2.80 
2.80 
2.80 
2.70 
2.80 
3.00 
4.20 
3.70 
3.70 
3.20 
3.00 
2.90 


2.80 
2.70 
2.70 
2.70 
2.70 
2.80 
3.00 
2.90 
2.80 
2.80 
2.80 
2.80 
2.80 
3.30 
3.80 
3.50 
3.80 
3.10 
3.00 
3.00 
2.90 
2.80 
2.80 
2.70 
2  70 
2.80 
2.80 
3.00 
3.10 
3.10 
3.00 
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RIVER   HEIGHTS   FOR   1896. 


[50. 11. 


Kings  River  at  Bed  Mountain,  California, 


Day. 


1 

4.00 

2 

3 

4 

4.00 
4.00 
4.00 

5 

4.00 

6 

4.00 

7 

4.00 

8 

4.00 

9 

4.00 

10 

11 

4.00 
4.00 

12 

4.00 

13 

4.00 

14 

15 

16 

17 

4.00 
4.00 
4.30 
4.90 

18 

9.20 

19 

20 

7.00 
6.40 

21 

22 

9.80 
7.10 

23 

24 

6.40 
5.90 

25 

26 

27 

28 

6.70 
5.70 
5.50 
6.00 

29 

5.70 

30 

5.40 

31 

5.30 

Jan. 


Feb. 


6.30 
5.10 
6.10 
5.10 
6.00 
4.90 
4.90 
4.90 
4.90 
4.80 
4.80 
4.80 
4.80 
4.80 
4.80 
4.90 
4.90 
4.90 
4.90 
6.00 
5.00 
4.90 
4.90 
4.90 
6.10 
5.10 
5.10 
5.50 
6.60 


Mar. 


Apr. 

May. 

June. 

July. 

Aug. 


5.30 
6.10 
5.30 
5.30 
5.30 
5.30 
6.20 
6.30 
5.40 
5.50 
5.70 
5.90 
6.00 
6.00 
5.90 
5.80 
5.80 
6.00 
6.00 
6.30 
6.40 
6.40 
6.70 
6.90 
8.80 
8.00 
7.20 
6.60 
6.00 
6.50 
6.00 


6.00 
6.20 
6.  SO 
6.40 
5.50 
6.00 
6.60 
7.00 
7.60 
8.00 
7.00 
6.40 
6.90 
7.50 
7.10 
6.00 
6.00 
4.00 
4.60 
6.00 
6.00 
6.00 
6.60 
6.00 
6.50 
8.00 
8.00 
7.60 
6.00 
6.00 


6.00 

10.40 

7.90 

6.00 

10.40 

7.60 

6.00 

10.40 

8.00 

7.00 

10.40 

8.40 

7.00 

10.40 

8.70 

8.00 

10.40 

8.70 

8.00 

10.40 

8.70 

7.00 

10.40 

8.70 

6.00 

10.40 

8.60 

5.50 

11.40 

8.60 

6.50 

11.40 

8.60 

6.50 

10.90 

6.20 

6.50 

10.70 

7.80 

7.00 

10.60 

7.30 

7.00 

10.60 

7.20 

8.00 

10.80 

7.10 

8.00 

10.90 

7.00 

8.00 

11.00 

6.90 

8.00 

10.70 

6.70 

8.00 

10.40 

6.60 

8.00 

10.10 

6.50 

8.00 

9.80 

8.50 

8.00 

9.60 

7.60 

8.00 

9.20 

7.00 

9.00 

8.90 

6.60 

10.00 

8.80 

6.  SO 

11.00 

8.80 

6.20 

It.  00 

8.80 

6.00 

12.00 

8.60 

6.80 

11.00 

8.90 

5.60 

10.00 

6.60 

5.60 
6.50 
6.50 
6.  SO 
5.20 
6.10 
6.00 
6.00 
4. 90 
4.90 
4.90 
4.80 
4.80 
4.80 
4.80 
4.80 
4.80 
4.90 
4.90 
6.00 
5.00 
5.00 
4.80 
4.80 
4.70 
4.70 
4.70 
4.60 
4.60 
4.  CO 
4.50 


Sept. 

Oct. 

Not. 

Dec. 

4.50 

3.90 

4.20 

4.  SO 

4.40 

3.90 

4.20 

4.30 

4.40 

S.90 

4.20 

4.30 

4.40 

S.90 

4.10 

4.30 

4.40 

S.90 

4.10 

4.30 

4.60 

3.80 

4.10 

4.30 

4.50 

S.80 

4.00 

4.30 

4.60 

3.80 

4.00 

4.30 

4.60 

3.80 

4.30 

4.30 

4.50 

s.ao 

4.  GO 

4.30 

4.50 

3.80 

4.90 

4..f0 

4.40 

3.80 

4.60 

4.30 

4.30 

3.30 

4.50 

4.20 

4.  SO 

3.80 

4.40 

4. '20 

4.20 

3.80 

4.30 

4.  SO 

4.10 

3.80 

4.30 

4.40 

4.10 

3.80 

4.20 

A.  40 

4.10 

3.80 

4.10 

4.40 

4.00 

3.80 

4  10 

4.30 

4.00 

3.80 

4.10 

4.20 

4.00 

3.80 

4.10 

4.?0 

4.10 

3.80 

4.10 

4.20 

4.  SO 

3.80 

4.50 

4.20 

4.20 

3.80 

6.00 

4.20 

4.20 

3.80 

5.40 

4.30 

4.10 

3.90 

4.80 

4.20 

4.10 

4.30 

4.60 

4.20 

4.10 

4.30 

4.40 

4.20 

4.00 

4.30 

4.20 

4.20 

4.00 

4.30 

4.20 

4.  SO 



4.30 



4.30 

Figures  in  itallca  are  estimated  from  obserTationa  taken  at  Kingsburg,  on  the  same  rirer,  and  from 
other  rod  readings  at  Red  Mountain. 

Kings  River  at  Kingsburg,  California. 


Day. 

Jan. 

Feb. 

Mar. 

Apr. 

May. 

June. 

July. 

0.50 
6.00 
6.10 
6.00 
6.70 
7.10 
6.70 
6.50 
6.30 
6.40 
6.70 
6.50 
6.30 
6.10 
5.90 
5.50 
5  50 
5.60 
5.60 
5.00 
4.70 
4.60 
4.30 
6.40 
5.70 
5.40 
4.90 
4.30 
3.90 
3.70 
3.60 

Aug. 

Sept. 

3.70 
3.70 
3.70 
3.70 
3.70 
3.70 
3.70 
3.70 
3.80 
3.80 
3.70 
3.80 
3.70 
3.00 
3.60 
8.50 
3.50 
3.50 
3.50 
3.50 
3.50 
3.50 
3.40 
3.40 
3.40 
3.40 
4.10 
4.30 
4.30 
4.30 

Oct. 

Nov. 

Dec. 

1 

2.20 
2.20 
2.20 
2.20 
2.20 
2.20 
2.20 
2.20 
2.20 
2.20 
2.10 
2.10 
2.10 
2.20 
2.20 
2.20 
8.30 
6.40 
8.70 
6.60 
8.00 
7.70 
6.50 
6.20 
5.90 
5.90 
5.80 
0.10 
6.10 
6.80 
6.50 

5.20 

4.10 

4.30 
4.10 
4.00 
3.90 
3.80 
3.30 
3.10 
3.00 
3.00 
6.00 
5.70 
4.60 
4.00 
3.00 
6.10 
4.60 
3.70 
3.10 
3.00 
4.30 
4.20 
4.00 
3.40 
3.30 
5.00 
7.20 
6.60 
5.70 
4.70 
4.80 

4.00 
4.40 
4.80 
6.40 
5.90 
6.60 
5.90 
6.00 
4.60 
4.20 
3.70 
4.00 
4.70 
6.30 
6.20 
6.30 
5.80 
6.20 
6.20 
5.00 
6.20 
6.40 
6.10 
6.60 
7.40 
8.40 
9.30 
10.30 
11.10 
10.20 
9.80 

10.30 
10.30 
9.90 
9.30 
9.30 
9.30 
9.60 
10.30 
10.50 
10.70 
9.00 
10.00 
9.00 
9.60 
9.50 
0.30 
9.80 
9.30 
8.70 
8.40 
8.50 
8.00 
7.70 
7.20 
7.00 
6.80 
6.70 
6.70 
6.70 
6.50 

3.50 
3.30 
3.30 
3.30 
3.30 
3.30 
3.20 
3.20 
3.20 
3.20 
3.30 
3.60 
3.80 
3.80 
3.80 
3.70 
3.70 
3.70 
3.80 
3.90 
3.80 
3.80 
3.70 
3.70 
3.70 
3.70 
3.70 
3.70 
3.70 
3.70 
3.70 

4.40 
4.50 
4.60 
4.60 
4.60 
4.60 
4.60 
4.60 
4.50 
4.60 
4.50 
4.50 
4.60 
4.50 
4.50 
4.50 
4.30 
3.80 
3.30 
3.30 
3.30 
3.30 
3.10 
8.10 
3.00 
8.00 
3.50 
4.00 
4.50 
4.40 
4.40 

4.40 
4.30 
4.30 
4.20 
4.00 
3.80 
8.80 
3.70 
3.70 
3.60 
4.00 
4.90 
4.60 
4.30 
4.00 
3.00 
3.70 
3.60 
3.50 
3.70 
3.70 
8.60 
3.70 
3.80 
4.70 
5.30 
4.70 
4.60 
4.50 
4.40 

4.40 
4.60 
4.50 
4.50 
4.  SO 
4.50 
4.50 
4.40 
4.30 
4.90 
4.40 
4.60 
4.30 
4.80 
3.50 
8.20 
3.30 
3.70 
4.00 
4.00 
4.10 
4.10 
4.00 
4.00 
3.80 
3.80 
3.90 
4.20 
4.40 
4.30 
4.20 

2 

6.10 
5.00 
4.80 
4.00 
4.60 
4.50 
4.20 
8.80 
8.70 
3.60 
3.50 
3.30 
3.10 
2.80 
2.80 
2.70 
3.00 
3.00 
3.00 
2.00 
2.90 
2.60 
2.40 
2.50 
2.50 
2.60 
2.60 
3.00 

4.30 
6.10 
6.10 
6.10 
4.60 
3.60 
3.10 
2.90 
2.80 
2.00 
3.10 
3.50 
3.60 
3.80 
3.60 
3.20 
3.30 
3.70 
3.70 
4.20 
4.50 
4.60 
6.00 
6.80 
5.50 
8.00 
0.30 
5.80 
5.20 
4.80 

3 

4 

6 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

26 

26 

27 

28 

29 

80 

81 
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Santa  Ana  Biver  at  Warmaprings,  California. 


Day. 

July. 

Aug. 

Sept 

Oct. 

Nov. 

Dec. 

1 

14.60 
14.50 
15.00 
15.00 
15.00 
15.00 
14.00 
14.00 
15.50 
15.70 
15.50 
16.30 
16.50 
14.50 
15.50 
15.00 
16.00 
16.00 
16.00 
16.00 
16.00 
16.50 
16.50 
16.50 
15.50 
14.00 
15.00 
15.00 
16.50 
15.70 
16.20 

16.20 
15.30 
16.00 
15.50 
15.70 
15.30 
16.70 
15.30 
15.30 
15.30 
15.50 
15.20 
15.50 
15.20 
15.20 
a  15. 20 
13.20 
13.00 
16.00 
14.00 
14.20 
14.30 
12.00 
12.20 
12.70 
13.20 
13.20 
14.30 
16.00 
16.00 
14.20 

16.00 
16.20 
16.00 
14.50 
14.50 
12.50 
15.50 
15.50 
15.30 
15.20 
11.00 
11.30 
13.50 
15.00 
15.00 
16.00 
16.50 
16.30 
16.00 
15.50 
14.50 
14.30 
13.50 
13.30 
14.00 
14.70 
13.00 
13.50 
14.00 
15.00 

15.50 
16.50 
15.30 
15.00 
13.70 
13.60 
14.60 
14.50 
14.00 
15.00 
15.50 
15.00 
14.00 
14.00 
14.20 
13.00 
14.00 
14.30 
14.30 
14.30 
12.70 
13.50 
13.30 
13.00 
13.00 
13.00 
a  21. 00 
14.00 
14.00 
14.00 
14.00 

12.00 
12.00 
12.00 
13.00 
12.00 
12.00 
11.50 
11.50 
11.50 
11.50 
11.50 
11.70 
lir50 
11.50 
11.50 
11.50 
11.50 
11.60 
11.50 
11.50 
11.70 
11.80 
12.00 
12.00 
14.30 
12.50 
12.50 
12.30 
12. 30 
12.30 

12.00 
12.00 
12.30 
12.30 
12.30 
12.30 
12.30 
12.30 
12.30 
12.30 
12.30 
12.30 
12.30 
12.30 
12.30 
12.50 
12.50 
12.50 
12.50 
12.50 
12.50 
12.50 
12.20 
12.20 
12.30 
12.00 
12.00 
13.00 
13.00 
12.70 
12.30 

2 

3 

4 

6 

6 

7 

8 

( 

10 

u 

1  12       

13 

1  14 

1  is::.::::::::: 

16         

w 

20 

22 

24 

26 

28  .             

90 

a  On  Aaipist  16  the  cliiioharj{e  gates  of  Bear  Valley  Dam  were  temporarily  cloned  on  account  of  a 
»t4)nn,  ttid  on  October  27  they  were  cloaed  for  the  aeaaon.  Discharge  of  Santa  Ana  Canal  is  not 
incloded  in  the  above  statement. 

CURRENT  METERS  RATED  IN   1896. 


^0.16.  Large  Haakell  meter.  ProjMrty  of  B.  M.  Hall,  Atlanta,  Gs.  Last  rated  July  14, 1806,  and 
returned  to  B.  M.  Hall  July  17, 1896. 

No.  25.  Small  Haskell  meter.  Returned  to  office  December  12, 1805;  rated  July  27, 1896,  by  A.  P. 
I^vii  at  the  Kensington  station,  Md. ;  sent  to  Prof.  A.  L.  Lamb,  Port  Deposit.  Md.,  November  12, 1896. 

No.  27.  Small  Haskell  meter.  Rated  June  27, 1896,  by  A.  P.  Davis  at  Kensington  station.  Md. ;  sent 
to  Oskar  Hnber,  Spokane,  Wash.,  October  20, 1896. 

No.  63.  Large  Priceelectric  meter.  Rated  by  J.  B.  Lippincott  and  C.  C.  Babb  June  18, 1806,  at  rating 
■^on,Kem  County,  Cal. ;  transferred  by  J.  B.  Lippincott  tc  C.  C.  Babb  and  iih-ed  by  him  during  sum- 
nerof  1896;  last  rated  December  10, 1896.  by  C.  C.  Babb  at  Kcnsiugton  sUtiou,  Md. 

No.  67.  Large  Price  electric  meter.  Purchased  July  2, 1896;  rated  July  14;  Rent  to  W.  Richins, 
AriioDS,  July  27, 1896 ;  -was  damaged  iu  shiimient  and  returned  to  this  office  for  repairs  August  20, 
^;  repaired  and  rated  September  25.  at  Kensington,  Md.  Sentto  J.  B.  Lippincott,  Los  Angeles,  Cal. 
S«pember  26, 1896. 

No.  68.  Large  Price  electric  meter.  Purchased  July  2, 1896;  rated  July  28,  at  Kensington  station, 
^^,  and  used  daring  the  season  of  1896  by  £.  G.  Paul. 

^0.69.  Large  Prioe  electric  meter.  Purchased  July  20, 1896;  rated  July  28, 1896,  by  £.  G.  Paul  at 
K^Biington  station,  Md.,  and  sent  August  26, 1896,  to  W.  Kichius  for  use  in  Quo<.'u  Creek,  Ariz. 

Kft.70.  Large  Price  electric  meter.  Received  December  15,  1896,  to  replace  No.  62,  large  Price  elec- 
^rir  meter,  which  was  destroyed  by  fire  while  in  charge  of  a  transportation  comimny.  Rated  December 
^'  lM,by  E.  G.  Paul  at  Kensington  station,  Md. 

^0-  91.  Small  Price  electric  meter.  Purchased  November  12, 1896 ;  rated  December  10, 1896,  at  Ken- 
■>i>gtoQ  RUtion,  Md.,  by  C.  C.  Babb  and  £.  G.  Paul. 
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(NO.  11. 


Bating  tables  fnade  in  1896  for  current  meters. 


Rerolntions 
per  second. 


0.00.. 

.10.. 

.20.. 

.30.. 

.40.. 

.50.. 

.60.. 

.70.. 

.80.. 

.90.. 
1.00.. 
1.10.. 
1.20.. 
1.30.. 
1.40.. 
1.50.. 
1,60.. 
1.70.. 
1.80.. 
1.00.. 
2.00.. 
2.10.. 
2.20.. 
2.30.. 
2.40.. 
2.50.. 
2.60.. 
2.70.. 
2.80.. 
2.  BO.. 
3.00.. 
3.10.. 
3. 20. . 
3.30.. 
3.40.. 
3.50.. 
3.60.. 
3.70.. 
3.80.. 
8. 00.. 
4.00.. 
4. 10. . 
4.20.. 
4.30.. 
4.40.. 
4.50.. 
4.60.. 
4.70.. 
4.80.. 
4.90.. 
5.00.. 


No.  16. 


0.27 
.33 
.42 
.49 
.57 
.60 
.80 
.92 
1.04 
1.16 
1.28 
1.40 
1.52 
1.64 
1.76 
1.88 
2.00 
2.12 
2.24 
2.36 
2.48 
2.60 
2.72 
2.84 
2.96 
3.08 
3.20 
3.32 
3.44 
8.56 
3.69 
3.80 
3.92 
4.04 
4.16 
4.28 
4.40 
4.52 
4.64 
4.76 
4.88 
5.00 
5.12 
5.24 
5.36 
5.48 
5.60 
5.72 
5.84 
5.96 
6.08 


No.  25 
H.P. 


No.  25   No.  27 
L.P.    fl.P. 


0.67 
.73 
.80 
.86 
.93 
1.03 
1.13 
1.23 
1.34 
1.44 
1.55 
1.65 
1.75 
1.85 
1.95 
2.05 
2.15 
2.26 
2.36 
2.48 
2.59 
2.71 
2.83 
2.05 
3.07 
3.19 
3.31 
3.43 
3.55 
3.67 
3.79 
3.91 
4.08 
4.15 
4.20 
4.38 
4.50 
4.62 
4.74 
4.86 
4.98 
5.10 
5.22 
5.34 
5.46 
5.58 
6.70 
6.81 
5.92 
6.04 
6.16 


1.01 

1.12 

1.23 

1.35 

1.46  : 

1.58  I 

1.72  ■ 

1.87  \ 

2.01 

2.16 

2.33 

2.50 

2.68 

2.86 

3.03 

3.19 

3.36 

3.54 

3.72 

3.90 

4.07 

4.24 

4.42 

4.59 

4.77 

4.95 

5.13 

5.31 

5.49 

5.67 

5.85 

6.02 

6.20 

6.38 

6.56 

6.74 

6.92 

7.09 

7.27 

7.44 

7.61 

7.79 

7.97 

8.14 

8.31 

8.49 

8.67 

8.85 

9.03 


0.63 
.70 
.76 
.82 
.90 
.99 
1.07 
1.15 
1.25 
1.33 
1.42 
1.51 
1.60 
1.69 
1.77 
1.86 
1.97 
2.07 
2.18 
2.29 
2.39 
2.49 
2.60 
2.71 
2.81 
2.92 
3.02 
3.12 
8.23 
3.34 
3.44 
3.56 
3.66 
3,77 
3.88 
3.98 
4.09 
4.19 
4.30 
4.40 
4.51 
4.62 
4.73 
4.83 
4.93 
5.04 
5.14 
6.24 
5.34 
5.45 
5.55 


No.  27 
L.P. 


0.70 
.83 
.96 
1.09 
1.27 
1.44 
1.61 
1.79 
1.96 
2.19 
2.40 
2.62 
2.83 
3.04 
3.25 
3.46 
3.67 
3.88 
4.09 
4.30 
4.51 
4.72 
4.98 
5.14 
6.35 
5. 56 
5.77 
5.98 
6.18 
6.39 
6.61 
6.82 
7.03 
7.24 
7.46 
7.66 
7.87 
8.08 


in  feet 

per  seoond. 

No.  63. 

No.  67. 

No.  68. 

No.  69. 

No.  70. 

No.  01. 

0.40 

0.25 

0.20 

0.25 

0.20 

0.10 

.63 

.45 

.51 

.53 

.35 

.25 

.91 

.72 

.81 

.81 

.65 

.61 

1.19 

1.00 

1.12 

1.09 

.97 

.77 

1.47 

1.30 

1.42 

1.37 

1.26 

1.03 

1.75 

1.60 

1.73 

1.66 

1.65 

1.20 

2.03 

1.90 

2.04 

1.98 

1.85 

1.55 

2.31 

2.19 

2.36 

2.21 

2.14 

1.81 

2.59 

2.48 

2.67 

2.49 

2.44 

2.07 

2.87 

2.77 

2.98 

2.77 

2.7a 

2.33 

8.15 

8.06 

3.29 

3.04 

3.03 

2.59 

3.43 

8.35 

3.59 

3.32 

8.33 

2.85 

3.71 

3.64 

3.90 

8.60 

3.62 

3.11 

3.99 

3.93 

4.19 

3.88 

3.02 

3.37 

4.27 

4.23 

4.48 

4.10 

4.22 

3.83 

4.55 

4.53 

4.77 

4.44 

4.51 

8.00 

4.83 

4.82 

6.06 

4.72 

4.81 

4.16 

5.11 

5.11 

6.86 

6.00 

5.11 

4.42 

6.39 

6.40 

5.65 

8.28 

6.40 

4.68 

5.67 

6.70 

6.94 

5.56 

5.70 

4.04 

5.95 

6.00 

6.23 

6.84 

6.00 

5.20 

6.23 

6.20 

6.52 

6.12 

6.20 

5.63 

6.51 

6.58 

6.81 

6.40 

6.58 

6.07 

6.79 

6.87 

7.10 

6.68 

6.88 

6.50 

7.07 

7.17 

7.39 

6.96 

7.17 

7.60 

7.35 

7.47 

7.68 

7.24 

7.46 

8.80 

7.63 

7.77 

7.97 

7.52 

7.76 

10.30 

7.91 

8.U6 

8.26 

7.80 

8.05 

11.60 

8.19 

8.36 

8.55 

8.08 

8.34 

8.47 

8.65 

8.85 

8.37 

8.63 

8.75 

8.05 

9.13 

8.65 

8.02 

9.03 

0.24 

9.42 

8.94 

9.21 

9.31 

9.53 

9.71 

9.22 

9.50 

• .*•*•«. 

9.59 

9.82 

10.00 

9.51 

9.80 

9.87 

10.11 

10.29 

9.80 

10.10 

10.15 

10.41 

10.59 

10.  lU 

10.39 

10.43 

10.70 

10.89 

10.68 

10.71 

10.99 

10.98 

10.99 

11.28 
11.57 
11.87 
12.17 
12.46 
12.76 
13.05 
13.35 

11.28 
11.57 
11.86 

11.27 

11.55 

11.83 

12.11 

12.39 

12.67 

12.05 

13.23 

13.51 

13.79 

14.07 

14.35 

DiTB.]  DRAINAGE   AREA    MEASUREMENTS.  95 


I>RAINAGE  ABIL^  MEASURBMENTTS.^ 

Square  mllea. 

AmericAn  Fork  near  American  Fork,  Utah 66 

Animas  Riyer  at  Durango,  Colorado 812 

Arkansas  River,  East  Fork,  near  Leadville,  Colorado 44 

Arkansas  River,  Lake  Fork,  near  Leadville,  Colorado 21 

Arkansas  River,  Tennessee  Fork 44 

Arkansas  River  at  Granite,  Colorado 425 

Arkansas  River  at  Salida  (above  South  Fork) 1, 160 

Arkansas  River  at  Canyon  City,  Colorado 8, 060 

Arkansas  River  at  Swallows,  Colorado 4,300 

Arkansas  River  at  Pueblo,  Colorado 4,600 

Arkansas  River  at  La  Junta,  Colorado  (including  Fountain  Creek  drainage, 

1,011  square  miles) - 12,200 

Arkansas  River  at  railroad  bridge  above  Holly,  Colorado  (including  Animas 

River^  7,333  square  miles) 23,500 

Arkansas  River  at  Colorado-Kansas  State  line 24, 600 

Arkansas  River  at  Hutchinson,  Kansas 34,000 

Bear  Creek  at  Morrison,  Colorado 170 

Bear  River  at  Battle  Creek,  Idaho 4,500 

Bear  River  at  Collinston,  Utah ^ 6,000 

Bear  River  at  i^oda  Springs,  Idaho 3,940 

Black  Warrior  River  at  Tuscaloosa,  Alabama 4,900 

Blacks  Fork,  3  miles  west  of  Granger,  Wyoming 1,747 

Boise  River  at  Boise,  Idaho 2,450 

Boise  River  at  Caldwell,  Idaho 8,360 

Boalder  Creek,  South,  at  South  Boulder  Canyon,  near  Marshall,  Colorado. .  125 

Boalder  Creek,  North,  at  Boulder,  Colorado 179 

Boulder  Creek,  near  Boulder,  Colorado 102 

Bine  River  in  Kansas 2,450 

Blae  River  in  Nebraska 7,040 

9, 490 

Broad  River  at  Gaifney,  Sonth  Carolina 1,435 

Broad  River  at  Alston,  South  Carolina 4,609 

Bruneau  River  at  Grand  View,  Idaho 1^800 

Cache  la  Poudre  River  above  Fort  Collins,  Colorado 1,060 

Caliente  Creek : 

Tehachapi  Creek 108 

Caliente  Creek  proi>er 219 

Basin  Creek 96 

423 

Canadian  River  in  Kansas 5,110 

Canadian  River  in  New  Mexico 16,900 

Canadian  River  in  Texas 18,620 

40,630 

Cape  Fear  River  at  Fayetteville,  North  Carolina 4, 493 

Canon  River,  east,  at  Rodenbahs,  Nevada 414 

Carson  River,  west,  at  Woodford,  California 70 

Canon  River  near  Empire,  Nevada 894 

Catawba  River  at  Catawba,  Sonth  Carolina 3,492 

C«Uwba  River  at  Fort  Mill,  South  Carolina 2,987 

Chama  River  at  Abiqniu,  New  Mexico 2,300 

Chattahoochee  at  Oakdale,  Georgia 1,560 

Chattahoochee  at  Westpoint,  Georgia 3, 300 

Chowchilla  Creek  above  sec.  1,  T.  9S.,R.  18  E 268 

Cimarron  at  Arkalon,  Kansas 5,200 

Clear  Creek,  4  miles  west  of  Buffalo,  Wyoming 118 

Clear  Creek  near  Granite,  Colorado 72 

Colorado  River  in  Arizona  * 56, 182 

Colorado  River  in  California 8, 610 

Colorado  River  in  Colorado 5, 490 

Colorado  River  in  Nevada 3,200 

Colorado  River  in  New  Mexico 19,000 

Colorado  River  in  Utah 21,633 

114, 115 

'A  nitmber  of  the  drainage  areas  not  given  in  this  table  are  to  be  found  on  pages  107  to  110  of  the 
Slerenth  Annual  Beport-  Part  II. 
'Thirteenth  Ann.  Kept.,  Part  in,  p.  33;  area  in  square  miles  of  principal  drainage  basins,  by  States. 
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Square  mUes. 

Colorado  River  at  Tama,  Arizona 225,049 

Colombia  River  in  Oregon' 24,093 

Columbia  River  in  Idaho' 7,880 

Columbia  River  in  Montana 25,000 

Columbia  River  in  Washington .'.     26,160 

69,040 

Connecticut  River  at  Hartford,  Connecticut 10,234 

Coosa  River  at  Riverside,  Alabama 6,850 

Coosawattee  River  at  Carters,  Georgia 532 

Cottonwood  Creek,  South  Fork,  near  Bnena  Vista,  Colorado 28 

Cottonwood  Creek,  Middle  Fork,  near  Buena  Vista,  Colorado 37 

Dan  River  at  Clarksville,  Virginia 3,798 

Dolores  Rivcar  at  Dolores,  Colorado 562 

Elkhorn  River  at  Norfolk,  Nebraska / 2,474 

Etowah  River  at  Canton,  Georgia 573 

Falls  River,  5  miles  above  moutn,  Idaho 594 

Fort  Tejon  Creek,  including  Cuddy  Creek  and  Castac  Lake  (upper  basin,  56) .  93 

French  Broad  River  at  Asheville,  North  Carolina 987 

Frenchman  River  at  Wauneta,  Nebraska 989 

Frenchman  River  at  Palisade,  Nebraska 1, 032 

Gallatin  River  at  Logan,  Montana 1,620 

Gila  River  at  Buttes,  Arizona 13, 750 

Gila  River,  including  small  lost  basins,  in  Arizona  > 56, 838 

Gila  River,  including  small  lost  basins,  in  New  Mexico 14, 300 

71,138 

Goose  Creek,  Big,  at  Sheridan,  Wj'oming,  below  mouth  of  Little  Goose  Creek .  320 

Goose  Creek,  Little,  at  Sheridan,  Wyoming 128 

Grand  River  at  Glenwood  Springs,  Colorado 5,838 

Grand  River  at  Grand  Junction,  above  Gunnison  River,  Colorado 8, 644 

Grand  River  at  Grand  Junction,  below  Gunnison  River  (including,  above 

Uncompahgre,  497  square  *miles,  and  Gunnison,  at  mouth,  7,935  square 

miles) 16.579 

Grand  River  in  Colorado  1 22,294 

Grand  River  in  Utah 3,873 

26,167 

Great  Basin  in  California' 47,240 

Great  Basin  in  Idaho 3,420 

Great  Basin  in  Nevada 102,220 

Great  Basin  in  Oregon 18,950 

Great  Basin  in  Utah 43,548 

Great  Basin  in  Wyoming 1,494 

216,872 

Green  River  at*Green  River,  Wyoming 7,450 

Green  River  at  Blake,  Utah 38,200 

Greeu  River  in  Colorado' 10,332 

Green  River  in  Utah 15,916 

Green  River  in  Wyoming 20,977 

47,225 

Greenbrier  River  at  Alderson,  West  Virginia 1, 344 

Greenbrier  River  at  mouth.  West  Virginia 1,575 

Gunnison  River  at  Grand  Junction,  Colorado 7, 935 

Gunpowder  River  at  Baltimore  Conduit,  Mary  land 294 

H  enry  Fork,  1  mile  above  month  of  Falls  River,  Idaho 931 

Hiwassee  River  at  Murphy,  North  Carolina 410 

Humboldt  River  at  Elko,  Nevada 2,840 

Humboldt  River  at  Battle  Mountain,  Nevada 7. 800 

Humboldt  River  at  Golconda,  Nevada 10, 780 

Humboldt  River  (including  Grassy  Valley)  at  Oreana,  Nevada 14, 967 

Humboldt  River,  South  Fork,  at  Masons  Ranch,  Nevada 536 

James  River,  South,  at  mouth, Virginia 116 

James  River,  North,  at  East  Glasgow,  Virginia 831 

James  River  at  Buchanan,  Virginia 2,058 

James  River  at  Balcony  Falls,  Virginia 3, 027 

Jefferson  River  at  Sappington,  Montana 8, 984 

Jefferson  River  at  Three  Forks,  Montana 9, 400 

Jones  Falls  at  Baltimore  Conduit,  Maryland 38 

Kansas  River  at  Lecompton,  Kansas 58, 554 

Kansas  River  at  Lawrence,  Kansas 59, 841 


^  Thirteenth  Ann.  Ropt.,  Fart  III,  p.  33 ;  area  in  square  miles  of  principal  drainage  basins,  by  States. 
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Square  milM. 

Kansas  River  in  Kansas 34,526 

Kansas  River  in  Nebraska 17,455 

Kansas  River  in  Colorado 9, 459 

61,440 

Kaweah  River  above  sec.  3,  T.  18  S.,  R.  27  E.,  California 619 

Kern  River  at  first  point  of  measurement  above  Bakersfield,  California,  in- 

clnding — 

North  Fork 1,115 

South  Fork 1,060 

Lower  Basin 180 

2,345 

Kings  River 1,742 

Laramie  River  above  Woods  Landing,  Wyoming  (in  Colorado^  343) 435 

Laramie  River  at  Uva,  Wyoming  (including  in  Colorado,  428) 3, 179 

Laramie  River  at  month  at  Fort  Laramie  (not  including  500  square  miles  of 

lost  drainage  to  James  Lake,  Cooper  Lake,  etc.) 4,076 

Logan  River  at  Logan,  Utah 218 

Loup  River,  Middle,  at  St.  Paul.  Nebraska. 1 6,849 

Loup  River,  North,  at  St.  Paul,  Nebraska 4, 024 

Loup  River  at  Columbus,  Nebraska 13,542 

Madjson  River  at  Redbluff,  Montana 2, 085 

Madison  River  at  Threeforks,  Montana 2, 402 

Malad  River  at  Taponis,  Idaho 2, 190 

Malheur  River  at  Vale,  Oregon 9,900 

Medicine  River  at  Kiowa,  Kansas 1, 300 

Merced  River  above  Merced  Falls,  California 1, 076 

Middle  Creek  near  Bozeman,  Montana 55 

Mississippi  River  at  St.  Paul,  Minnesota  (Minnesota  River,  16,350) 36, 085 

Missouri  River  at  Townsend,  Montana 14,500 

Missouri  River  at  Canyon  Ferry,  Montana 15,036 

Missouri  River  at  Craic,  Montana 17, 615 

Missouri  River  above  Yellowstone,  in  Montana ^ 81, 018 

Missouri  River  above  Yellowstone,  in  Wyoming 760 

81,778 

Monocacy  River  at  Frederick,  Maryland 665 

Nantahalah  River  at  mouth,  North  Carolina 193 

Natches  River  at  North  Yakima,  Washington 1,000 

Keosho  River  at  Tola,  Kansas 3,670 

Neuse  Riverat  Selma,  North  Carolina 1, 175 

New  River  at  Greenbrier  River,  West  Virginia 4, 523 

New  River  at  Hinton,  West  Virginia 5,600 

New  River  at  Fayette,  West  Virginia 6,200 

North  Platte  River  above  Sweetwater  (including  in  Colorado,  1696) 7, 668 

North  Platte  River  above  Douglas,  Wyoming 14, 255 

North  Platte  River  above  Orin  Junction,  Wyoming 14, 828 

North  Platte  River  above  Fort  Laramie,  Wyoming 16, 416 

North  Platte  River  below  Laramie  River,  Wyoming 20, 492 

North  Platte  River  in  Wyoming  and  Colorado 23,643 

North  Platte  River  at  Camp  Clark,  Nebraska 24,225 

North  Platte  River  to  North  Platte,  Nebraska 28,517 

Ocmulgee  River  at  Macon,  Georgia 2, 425 

Oeonee  Riverat  Carey,  Georgia 1,346 

Ogden  River  at  Powder  Mills,  Utah 360 

Oostenaula  River  at  Resaca,  Greorgia 1,527 

Owyhee  River  at  Ontario,  Oregon 9, 875 

Patapsco  River  at  Woodstock,  Maryland 251 

Pat uxen t  River  at  Laurel,  Maryland 137 

Payette  River  at  Payette,  Idaho 3,565 

Piedras  River  at  Arboles,  Colorado 650 

Platte  River  at  North  Platte: 

North  Platte  River 28,517 

South  Platte  River 23,294 

51,811 

Platte  River  at  Columbus,  Nebraska 56,867 

Platte  River,  North  and  South,  in  Colorado* 22,  230 

Platte  River  in  Nebraska 10,850 

Platte  River  in  Wyoming 24,240 

57,320 

>T]iirteenth  Ann.  Rept.,  Part  III,  p.  33;  an>A  in  square  roilea  of  principal  draiuago  baHinn.  by  States. 
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LETTER   OF  TRANSMITTAL. 


Department  of  the  Interior, 
United  States  Geological  Survey, 

Division  op  Hydrography, 

Washington,  June  H,  1897. 

Str:  I  have  the  honor  to  transmit  herewith  a  manuscript  prepared 
by  Mr.  N.  H.  Darton,  assistant  geologist  of  this  Survey,  relating  to 
the  undei^ound  or  well  waters  of  a  portion  of  the  State  of  Nebraska. 
The  facts  given  are  the  results  of  field  work  in  this  State  during  the 
season  of  1896.  Beginning  in  the  vicinity  of  Lincoln,  Nebraska,  Mr. 
Darton  not  only  made  a  detailed  examination  of  the  surface  geology, 
but  carried  on  a  careful  search  for  all  wells,  both  shallow  and  deep. 
As  far  as  possible,  information  was  obtained  concerning  the  depth  of 
the  weUs,  the  character  of  the  strata  penetrated,  and  the  volume 
and  quality  of  the  water  supply.  This  work  was  conducted  westward 
to  the  vicinity  of  Lexington.  In  this  work  Mr.  Darton  was  assisted 
^y  Mr.  Joseph  E.  Macf arland,  a  young  man  whose  untimely  death  at 
the  end  of  the  field  season  deprived  the  Surwy  of  the  services  of  one 
of  its  most  promising  and  energetic  junior  geologists. 

To  a  discussion  of  the  geologic  formations  and  their  water  cont^ents 
Ur.  Dnrton  has  apx)ended  a  statement  as  to  the  possibility  of  obtain- 
iiig  artesian  water,  adding  such  facts  as  were  procurable  concerning 
the  utilization  of  the  available  water  supply  in  irrigation.  In  this 
IMirticular  area  agriculture  is  not  regarded  as  dependent,  to  any  con- 
siderable extent,  upon  the  artificial  application  of  water,  but  the  exam- 
ples cited  show  that  in  many  localities  irrigation  on  a  small  scale  can 
be  employed  with  profit.  It  is  proposed  during  the  coming  field  sea- 
son to  extend  this  investigation  westward  into  the  areas  where  the 
necessity  for  irrigation  has  long  been  recognized  and  where  water 
sapplies  have  a  still  greater  value.  The  field  work  is  confined  largely 
to  the  areas  of  which  topographic  maps  have  been  prepared,  as  with- 
out such  maps  studies  of  underground  waters  are  necessarily  vague 
and  inconclusive. 

Very  respectfully,  F.  H.  Newell, 

Hydrographer  in  Charge, 
Hon.  Charles  D.  Walcott, 

Director  United  States  Oeological  Survey. 
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UNDERGROUND  WATERS  OF  A  PORTION  OF  SOUTH- 
EASTERN NEBRASKA. 


By  Nelson  Horatio  Darton. 


INTRODUCTION. 

This  rejwrt  relates  to  underground  waters  in  Lancaster,  Seward, 
northern  Saline,  York,  Fillmore,  Hamilton,  Clay,  Hall,  Adams,  Buf- 
falo, Kearney,  Ehelps,  northern  Gosper,  and  eastern  and  central 
Dawson  counties,  an  area  of  about  6,700  square  miles.^  It  is  the 
result  of  observations  made  with  the  assistance  of  Messrs.  J.  E.  Mac- 
farland  and  C.  A.  Fisher  in  the  summer  and  autumn  of  1896.  It 
deals  mainly  with  waters  occurring  at  moderate  depths,  but  also 
briefly  reviews  the  probabilities  of  obtaining  water  supplies  from 
deeper-seated  sources. 

The  region  is  one  in  which  the  average  annual  rainfall  is  not  suffi- 
cient to  insure  full  crops  every  season,  even  in  the  eastern  part  of 
the  area,  where  the  rainfall  is  considerably  greater  than  in  the  west- 
em  counties.  Fortunately,  very  nearly  all  of  this  region  is  underlain 
by  water-bearing  deposits,  which  in  most  districts  yield  good  supplies 
of  water  to  pump  wells.  The  depth  to  this  water  varies  from  less  than 
10  feet  in  the  valley  of  Platte  River  to  somewhat  over  300  feet  in  the 
higher  plateau  areas  of  Dawson  and  Gosper  counties  and  in  a  few 
instances  in  the  high  drift  hills  of  Lancaster  County.  The  supply  is 
also  variable  in  amount,  but  in  most  cases  the  average  windmill  does 
not  lower  its  level.  The  waters  have  been  used  to  some  extent  for 
irrigation,  and  the  results  have  been  entirely  satisfactory,  so  far  as 
the  crops  are  concerned.  In  most  cases  a  single  windmill  has  not 
proved  adequate  to  supply  water  for  the  irrigation  of  over  15  acres, 
under  the  most  favorable  conditions,  and  in  the  deeper  wells,  or 
where  the  water  is  more  scanty  in  supply,  the  limitations  are  greater. 
This  acreage  is,  however,  sufficient  for  the  cultivation  of  a  profitable 
diversified  crop,  large  enough  at  least  to  carry  a  family  over  a  dry 
season.     It  is  not  the  purpose  of  this  report  to  discuss  the  efficacy  of 

>  Hie  BTsater  port  oi  this  area  is  covered  by  topographic  atlas  sheets  of  the  Surrey,  as  follows: 
lAneoln^  York,  Grand  Island^  Wood  River ^  Kearney^  and  Lexington^  of  which  those  in  italics  are 
now  ready  for  sale  at  6  cents  each. 
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windmills,  which  it  is  believed  can  be  greatly  increased,  nor  the  pros- 
pects for  irrigation  in  the  district.  The  location  and  extent  of  the 
underground  water  will  be  set  forth  mainly  by  maps,  which  will  also 
give  information  in  regard  to  the  conditions  of  its  occurrence. 

TOPOGRAPHY  OF   THE  DISTRICT. 

The  region  to  which  this  report  relates  lies  on  the  eastern  slope  of 
the  Great  Plains  which  extend  from  the  Rocky  Mountains  toward  the 
Mississippi  River.  It  comprises  several  types  of  land  forms.  The 
greater  part  of  the  area  is  a  smooth  plain,  sloping  gently  eastward 
from  an  altitude  of  2,700  feet  near  the  one  hundredth  meridian  to 
about  1,400  feet  in  the  vicinity  of  the  ninety-seventh  meridian — a 
slope  of  about  7  feet  to  the  mile.  Westward  this  plain  is  widely 
trenched  by  the  broad  valley  of  Platte  River,  which  lies  from  80 
to  160  feet  below  the  plains  surface.  There  are  also  other  valleys  of 
moderate  width,  of  which  the  largest  are  those  of  the  Big  and  Little 
Blue  rivers  and  their  branches,  South  Fork  of  Loup  River,  Wood 
River,  and  Plum  Creek.  To  the  east,  in  eastern  Seward  and  Lancas- 
ter counties,  the  smooth  plains  give  place  to  a  region  of  high  drift 
hills,  deeply  intersected  by  wide  valleys.  Another  characteristic 
feature  of  the  region  is  the  sand-dune  areas,  mainly  along  the  south 
side  of  the  valleys  of  Platte  and  Loup  rivers. 

The  valley  of  Platte  River  is  20  miles  wide  in  Hall  County,  but  it 
narrows  considerably  toward  the  west.  East  of  Kearney,  where  it  is 
also  occupied  by  Wood  River,  a  branch  of  Platte  River,  the  valley  is 
12  miles  wide.  At  Kearney  the  width  rapidly  diminishes  to  8  miles, 
and  this  width  continues  some  miles  westward.  In  Dawson  County 
the  valley  widens  to  15  miles.  The  floor  of  the  valley  of  Platte  River 
is  a  very  smooth  plain,  sloping  gently  toward  the  east.  The  river 
flows  in  channels  but  slightly  depressed  below  the  valley  floor,  and  in 
dry  seasons  the  water  meanders  through  these  channels  in  small  rami- 
fying rivulets,  with  intervening  sand  banks  of  various  sizes.  The 
character  of  these  sand  banks  is  shown  in  PL  II. 

There  are  some  islands  which  are  submerged  only  in  times  of  high 
water;  the  principal  one,  known  as  Orand  Island,  has  a  length  of  42 
miles  and  owes  its  isolation  to  a  narrow  channel  which  passes  around 
its  northwestern  side.  The  river  usually  does  not  occupy  the  center 
of  the  valley,  but  has  a  general  disposition  to  hug  its  south  side.  In 
Hamilton  County  the  principal  channel  is  at  the  bottom  of  the  slope 
which  rises  to  the  higher  plain.  East  of  longitude  99°  30'  the  valley 
of  Platte  River  is  depressed  from  80  to  100  feet  below  the  surface 
of  the  adjoining  plains,  but  the  depth  gradually  increases  in  Dawson 
County  to  over  150  feet.  Wood  River  has  a  level-floored  valley, 
which  merges  into  that  of  the  Platte  just  north  of  Kearney.  The 
South  Fork  of  Loup  River  flows  in  a  valley  which  averages  about  a 
mile  in  width  in  the  northern  part  of  Buffalo  County. 
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In  Seward,  Saline,  York,  Fillmore,  Hamilton,  Clay,  Adams,  Kearney, 
and  eaHtem  Phelps  counties  the  plains  present  very  broad  areas  of 
smooth  snrface,  and  often  extend  uninterruptedly  for  many  miles. 
They  are,  however,  more  or  less  deeply  trenched  by  the  branches  of  Big 
and  Little  Blue  rivers,  and  toward  the  west,  where  the  land  rises  higher 
above  the  adjoining  valleys,  the  plains  are  very  much  cut  up  by  small 
branch  brooklets,  so  that  much  of  the  higher  region  of  Buffalo,  Daw- 
son, and  Gosper  counties  consists  of  narrow  ridges,  usually  with  steep 
slopes,  separated  by  numerous  narrow  valleys.  In  Gosper  County 
these  valleys  assume  a  canyon  type,  particularly  along  the  steep 
slope  on  the  south  side  of  the  Platte  Valley  and  in  the  slopes  extend- 
ing soutbward  toward  the  Republican  Valley. 


Fio  L—T7i>lcsl sand dano  with    blow  ont    Inttatop. 


In  the  drift-hill  region  of  Lancaster  and  adjoining  counties  another 
type  of  top<^raphy  is  presented.  There  are  high,  rolling  hills  in  long, 
irregular  ridges  separated  by  wide,  level-floored  valleys,  of  which  the 
Salt  Creek  Valley  with  its  branches  is  the  most  extensive.  Lincoln  is 
built  at  a  confluence  of  a  number  of  branches  of  Salt  Creek  and  along 
the  adjoining  slopes  of  the  drift  hills.  The  drift  surface  rises  to  an 
altitude  of  about  1,550  feet  in  the  eastern  portion  of  Seward  County, 
but  the  altitude  to  which  the  higher  summits  rise  eastward  gradually 
diminishes  to  from  1,300  to  1,400  feet  in  the  eastern  portion  of  Lan- 
caster County.  The  bottom  of  the  valley  in  which  Lincoln  is  situated 
has  an  altitude  of  about  1,150  feet. 

Areas  of  sand  dunes  are  very  frequent  in  the  Platte  and  Loup  val- 
leys in  Hall,  Buffalo,  Adams,  Kearney,  and  Phelps  connties.  Some 
smaller  areas  also  occur  in  Dawson  County  and  on  the  high  plains 
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and  slopes  about  the  head  waters  of  Little  Blue  River  in  western 
Adams  and  eastern  Kearney  counties.  The  areas  are  characterized 
by  their  irregular,  hummocky  contour  and  loose  sand  surfaces.  Some 
of  the  higher  mounds  rise  100  feet  above  the  adjacent  lowlands  and 
are  conspicuous  features  in  the  landscax>e.  There  are  many  basins 
among  the  hills  and  meandering  valleys  which  have  no  outlets.  The 
largest  bodies  of  the  sand  extend  for  50  miles  along  the  south  side  of 
the  Platte  Valley  south  of  Kearney,  lying  mainly  against  the  slox)e 
which  rises  to  the  higher  plains.  There  are  also  extensive  deposits 
south  of  the  South  Fork  of  Loup  River  in  northern  Buffalo  and  Hall 
counties.  The  width  of  the  wider  portions  of  these  sand-dune  belts  is 
about  3  miles.  A  "blow-out,"  a  characteristic  feature  in  some  of  the 
sand-dune  areas,  is  shown  in  fig.  1  (p.  13.) 

GEOLOGY. 
GENERAL  STRUCTURE. 

Southeastern  Nebraska  is  underlain  by  Carboniferous  and  Creta- 
ceous formations  bearing  a  superficial  mantle  of  Pleistocene  deposits. 
The  older  formations  have  a  gentle  slope  toward  the  west,  and  the 
overlying  deposits  are  in  general  conformable  to  the  eastward  slox>e 
of  the  land.  In  PI.  IV  is  given  a  cross  section  from  the  Rocky  Moun- 
tains to  the  Missouri  River  at  Omaha,  showing  the  general  structural 
relations. 

East  of  the  longitude  of  Lincoln  the  limestone  and  associated  rocks 
of  the  Carboniferous  formation  reach  the  surface,  and  they  are  fre- 
quently exposed  in  the  valleys  in  the  southeastern  corner  of  the  State. 
Toward  the  west  their  gentle  dip  and  the  rapid  rise  of  the  land  carry 
them  far  beneath  the  surface,  so  that  in  the  vicinity  of  the  ninety- 
ninth  meridian  they  appear  to  lie  at  a  depth  greater  than  3,000 
feet.  Farther  westward  they  may  or  may  not  increase  in  depth,  but 
they  rise  in  approaching  the  Rocky  Mountains  and  outcrop  high  on 
the  slopes  of  these  mountains  in  Colorado  and  Wyoming. 

The  series  of  Cretaceous  fonnations  which  lie  on  the  Carboniferous 
beds  comprises  the  Dakota  sandstone,  the  Benton  shales,  the  Niobrara 
limestone,  and  the  Pierre  shales.  The  lowest  member,  the  Dakota 
sandstone,  reaches  the  surface,  to  the  eastward,  in  a  zone  which  passes 
near  Lincoln. 

In  the  slopes  of  the  Rocky  Mountains  the  Dakota  sandstone  is 
separated  from  the  Carboniferous  beds  by  the  Juratrias  red  sand- 
stones, sands,  and  clay,  which  probably  extend  for  some  distance 
eastward,  no  doubt  under  the  western  portion  of  Nebraska,  but  they 
do  not  reach  the  surface  in  the  eastern  portion  of  the  State.  A  char- 
acteristic exposure  of  these  beds  on  the  eastern  slox>e  of  the  Rocky 
Mountains  is  given  in  PI.  V.  Near  the  ninety-seventh  meridian  the 
Dakota  sandstone  passes  under  the  thin  series  of  Benton  shales  and 
Niobrara  limestones,  and  these  in  turn  soon  disappear  beneath  a  mass 
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Pierre  shales,  which  attain  a  thickDess  of  over  3,500  feet  nnder  the 
[itral  and  western  portion  of  the  State.  The  CarboniferoiiB  and 
etoceons  formations  in  the  eastern  part  of  the  State  are  heavily 
erlain  by  Pleistooene  deposits,  oomprisiiig  a  lai^e  mass  of  glacial 
if  t  and  a  thick  mantling  of  loees.  West  of  lougitade  98°  30'  there 
tervenes  between  the  Pleistocene  deposits  and  the  Cretaceous  forma- 
ins  a  series  of  Keocene  deposits,  which  gradually  thicken  toward  the 
»t,  and  finally,  rising  above  the  sloi>e  on  which  the  loess  lies,  become 
e  dominant  surface  formations  in  the  western  portion  of  the  State. 
He  glacial  drift  is  a  thick  mass  in  Lancaster  County,  It  thins  rapidly 
nard  Missouri  River  and  westward,  its  attenuated  mai^n  pass- 
g  ander  a  thick  sheet  of  loess  in  both  directions.  Toward  the  west 
e  lai^r  mass  of  glacial  drift  presents  an  obscure  morainal  front 
)ng  the  eastern  side  of  Seward  County,  from  which  a  continuous 
ick  mantle  of  loess  extends  far  westward.  Under  this  loess  mantle 
)re  is  a  thin  sheet  of  drift  materials  extending  out  from  the  front 
glacial  drift.     West  of  latitude  98°  30'  a  thin  wedge  of  calcareous 
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1  siliceous  sedimente,  of  Neocene  age,  comes  in  between  the  loess 
1  drift  and  the  Pierre  shale  surface,  gradually  thickening  toward 
)  west.  The  loess  mantle  is  widely  trenched  by  the  valley  of  Platte 
ver  and  more  or  less  deeply  excavated  by  the  other  valleys,  which 
)  oft«n  cut  through  to  the  underlying  Pleistocene  and  Neocene 
rmations. 

fhe  loess  has  a  thickness  of  from  60  to  90  feet  in  greater  part, 
raring  the  large  depressions  that  traverse  the  region  are  deposits  of 
avial  formations,  which  are  of  great  width  along  Platte  River.  In 
ne  portions  of  the  area  there  are  accumulations  of  dune  sands  of 
Htter  or  less  extent,  and  these,  aside  from  sand  banks  in  the  rivers, 
i  the  most  recent  formations  of  the  r^on. 

THE  F0RUAT10N8. 

Oarbontferous. — Carboniferous  limestones  reach  the  surface  in 
ithem,  central,  and  eastern  Lancaster  Connty,  They  consist  of  a 
riety  of  limestone  beds  with  intercalated  shales  and  clays.  The 
acipal  ezpofiores  are  in  the  vicinity  of  Roca,  near  Hickman,  and 
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about  Bennett.  At  these  localities  the  rocks  have  been  quarried^ 
notably  about  Roca,  where  they  have  furnished  large  amounts  of  fine 
building  stone.  A  columnar  section  of  the  rocks  at  Roca  is  given  in 
fig.  2  (p.  15),  which  comprises  all  the  members  exposed  in  the  quarry 
just  north  of  Roca  station  and  in  the  Warner  quarries  and  depres- 
sions a  mile  north  of  the  village. 

From  the  beds  in  Warner's  quarry  Mr.  Macfarland  collected  the 
following  fossils: 


Enomphalus  mgosns. 
Setopora  biserialis? 
Marginif era  splendens. 
Spirifer  cameratus. 
Meekella  striatocostata. 
Seminula  sabtilita. 
Derbya  crassa. 

Bhombopora  lepidodendroides. 
Prodnctxis  semireticularis. 


P.  cora. 

P.  nebrasoensis. 

Chonetes  flemingi. 

C.  grannlifera. 

Fnsillna  cylindrica. 

Amboccelia  planoconveza. 

Orthis  (Bhipidomella)  carbonaria. 

Pugnaz  nta. 

Orbicnloida  sp. 


At  Bennett  some  different  members  of  the  formation  are  exposed, 
and  so  far  it  has  not  been  possible  to  ascertain  the  relative  positions 
of  the  rocks  of  the  two  areas.  Probably  in  the  region  between  Roca 
and  Bennett  and  toward  the  south  the  Carboniferous  beds  are  not 
far  beneath  the  surface  in  the  deeper  hollows,  but  they  are  covered  by 
the  general  heavy  drift  mantling.  In  the  deep  borings  at  Lincoln  the 
Carboniferous  beds  were  penetrated  to  a  depth  of  over  1,000  feet. 
They  appear  to  begin  at  a  depth  of  about  269  feet.  The  section  given 
in  fig.  7,  page  29,  illustrates  the  general  succession  of  deposits.^ 

Dakota  sandsione^ — In  eastern  Nebraska  the  Carboniferous  forma- 
tions are  overlain  directly  by  the  Dakota  sandstone,  without  trace  of 
the  Juratrias  dex)osits  intervening.  At  a  point  a  mile  and  a  half  due 
north  of  Roca  station  the  contact  may  be  seen ;  at  Bennett  the  two 
formations  are  in  immediate  proximity;  and  in  the  wells  at  Lincoln 
the  contact  lies  about  269  feet  beneath  the  surface.  A  finely  exposed 
contact  is  shown  in  PL  VI.  The  contact  line  between  the  Dakota 
sandstone  and  the  Carboniferous  beds  in  eastern  Nebraska  presents 
many  steep  slopes,  indicating  an  irregular  shore  line  against  which 
Dakota  sediments  were  deposited.  The  materials  of  the  Dakota  for- 
mation are  mainly  gray  and  brown  sandstone,  but  there  are  also 
intercalated  clays  of  various  colors.  Portions  of  the  sandstone  are 
highly  ferruginous,  so  much  so  as  to  be  frequently  mistaken  for  iron 
ore.  The  sandy  character  of  the  formation  is,  however,  prominent 
throughout.  Where  the  amount  of  iron  is  large  the  rock  is  very  apt 
to  have  a  highly  concretionary  structure.  The  coarser  sandy  mem- 
bers are  usually  cross  bedded.  A  characteristic  outcrop  is  shown 
in  PL  VII.     The  texture  of  the  sandstone  varies  irregularly  from 

1 A  more  detailed  description  of  the  beds  is  given  by  Mr.  B.  P.  Russell  in  the  Sixth  Biennial 
Report  of  the  Commissioner  of  Public  Lands  and  Buildings  to  the  Oovemor  of  Nebraska,  1888« 
pp.  67-«i.   Lincoln,  1888. 
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lockwhicli  is  quite  firm  to  sand  which  is  hardly  consolidated.  In 
most  cases  the  material  is  a  soft  sandstone  which  can  be  easily  exca- 
vated with  the  pick.  Some  of  the  firmer  beds  contain  fossil  leaves  in 
considerable  abundance. 

In  the  region  covered  by  this  report  the  exposures  of  Dakota  sand- 
stone are  confined  to  Lancaster  County  and  the  vicinity  of  Pleasant- 
dale  in  eastern  Seward  County.     They  occur  at  intervals  along  the 
sides  of  depressions  of  branches  of  Salt  Creek,  and  at  Bennett  at  the 
head  of  the  Little  Nemaha  River.     They  are  mainly  very  small  and 
qnite  widely  scattered,  and  are  due  chiefly  to  the  excavation  of  depres- 
sions which  have  been  cut  through  the  glacial  drift.     Their  location 
is  shown  in  PI.  Ill  (p.  12).     In  some  cases  belts  of  exposures  mark  the 
presence  of  a  ridge  of  Dakota  sandstone  under  the  drift.     The  most 
extensive  outcrops  occur  at  intervals  along  and  near  the  Burlington  and 
Missouri  River  Railroad  from  Lincoln  nearly  to  Roca,  on  the  western 
slope  of  the  ridge  on  the  east  side  of  Southeast  Salt  Creek.     There  are 
quite  extensive  exposures  about  the  penitentiary  and  in  the  vicinity 
of  the  Chicago,  Rock  Island  and  Pacific  Railroad  crossing.    Just  east 
of  Saltillo  gray  sandstones  appear  halfway  up  the  slope,  and  they  are 
again  exx)08ed  on  the  point  of  the  next  ridge  2  miles  farther  south, 
lying  against  the  Carboniferous  limestone.     The  brown  sandstones 
appear  on  Antelope  Creek  in  the  southeastern  corner  of  Lincoln,  as 
shown  in  PL  VIII,  at  the  " cave"  in  the  southern  margin  of  the  city, 
and  at  the  crossing  of  the  Chicago,  Rock  Island  and  Pacific  Railroad 
and  Burlington  and  Missouri  River  Railroad,  Nebraska  City  branch. 
Between  Emerald  and  Pleasantdale  the  Dakota  sandstone  rises  as  a 
moderately  high  ridge  under  the  drift  and  is  exposed  in  a  number  of 
railroad  and  stream  cuts.     The  beds  are  extensively  cross  bedded,  and 
in  some  of  the  exposures  consist  of  a  highly  ferruginous  sandstone 
with  complex  concretionary  structure.     There  are  several  exposures 
on  both  slox)es  of  Haines  Branch  Valley  and  along  the  hollow  begin- 
ning 2  miles  southwest  of  Rokeby.    They  are  of  the  usual  brown 
sandstone.     At  the  brick  and  tile  works  a  mile  southwest  of  the 
insane  asylum  the  formation  is  represented  by  clays  mainly  of  mottled 
pink,  brown,  and  gray  colors,  with  streaks  of  sand  and  sandstone 
and  a  bed  of  dark-gray  clay  containing  a  large  amount  of  organic 
material.    The  clays  have  been  mined  extensively  at  this  place  for 
brick  and  tile,  for  which  they  appear  well  suited.     They  are  overlain 
by  a  small  amount  of  drift  and  a  considerable  mass  of  f ossiliferous 
loess.     Some  of  the  features  of  this  exposure  are  shown  in  Pis.  XIV 
and  XV. 

There  is  another  excavation  in  a  similar  mass  of  clay  in  the  south- 
em  edge  of  West  Lincoln,  just  east  of  the  lake.  The  exposures  of 
Dakota  sandstone  north  of  Lincoln  are  along  Little  Salt  Creek  and 
some  of  its  branches  south  and  southwest  of  Davey,  along  Rock  C  ^reek 
north  of  Waverly,  and  in  depressions  along  the  head  branches  of  Rock 
IRB  12 2 
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Creek  northeast  of  Davey.  In  all  of  these  exposures  there  is  seen 
brown  sandstone,  excepting  in  the  railroad  cut  northeast  of  Davey, 
where  a  mottled  clay  is  exposed.  The  only  exposures  discovered  east 
of  Lincoln  are  in  a  small  branch  of  Stevens  Creek  6^  miles  east 
of  the  Lincoln  post-office,  at  an  old  quarry  in  the  north  side  of 
Stevens  Creek  a  mile  and  half  above  its  mouth,  and  in  the  hollow 
just  north  of  the  railroad  a  mile  west  of  Prairie  Home.  The  expo- 
sure of  the  Dakota  sandstone  just  south  of  Bennett,  at  the  head  of 
the  Little  Nemaha  River,  is  very  interesting.  The  formation  con- 
sists of  quite  regular  beds,  from  1  foot  to  2  feet  in  thickness,  of 
beautifully  cross-bedded  sands  hardly  sufficiently  cemented  together 
to  be  classed  as  sandstone.  The  exposure  is  across  a  depression 
from  limestone,  as  shown  in  fig.  3.  The  relations  indicate  that  prob- 
ably there  was  here  a  steep  shore  of  the  limestone  during  the  deposi- 
tion of  the  Dakota  sandstone,  although  x)ossibly  the  two  formations 
are  separated  by  a  fault.  In  Pis.  IX  and  X  there  are  reproduced 
photographs  of  portions  of  the  exposure,  showing  the  cross  bedding 
very  clearly.    In  PL  IX  the  overlying  glacial  drift  is  also  shown. 
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Fio.  8.— CroRS  section  at  Bennett,  Nebraska;  looking  north. 


The  Dakota  sandstone  has  been  reported  in  many  of  the  wells  in 
Lancaster  County,  and  in  fact  it  is  one  of  the  principal  sources  of 
water  supply  in  the  deeper  wells. 

In  the  boring  made  by  the  State  near  Lincoln  in  1886  the  lower  por- 
tion of  the  Dakota  formation  was  i)enetrated.  According  to  Mr.  B.  P. 
Russell,^  the  materials  covering  the  Carboniferous  limestone  were  as 
follows: 

Feet. 

0-4    Sandy  loam. 

4-20    Angular  greenish  sand. 

20    -  24f Coarser  whitish  sand. 

24f  -  48^   Coarse  gravel. 

48^  -  52    Sand,  whitish,  even  grained,  in  part  rounded. 

52    -  57     Coarse  gravel. 

57    -  74    .  -  .* Fine  yellow  sand. 

74    -100    Lighter  sand. 

100    -112i Coarser,  dark-yellow  sand;  gravel  and  iron  i)ebbleB. 

1 12i  -133f White  sand  and  gravel,  with  brine  at  1 19  feet. 

133f  -135    Yellowish  -white  sand. 

135    -147f  Yellow  sand;  small  pebbles. 

>  Sixth  Biennial  Report  of  the  Commissioner  of  Pabllo  Lands  and  Buildincfs,  Deoember  1«  1888, 
pp.  65-68.    A  slightly  different  record  is  given  in  the  Fifth  Report,  1886,  p.  19. 
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Feet 

U7f  -164| Ck>ar8e  yellow  sand  and  gravel. 

16H-17^ Yellowsand. 

179|  -1»5 White  sand;  gravel. 

1©5    -202    Very  coarse  gravel.  )  Containing  brine  SS** ;  strong 

200    -205    Coarse  gravel  and  oonglomerates.  )  flow. 

205    -206^ Coarse  conglomerate  with  chalky,  flinty  iwbbles. 

206^ -208} Soft  gray  sandstone. 

208t-209i Reddish  clay. 

209i  -2141 Light-drab  clay. 

214}  -244^ Fine-gprained,  gray,  very  soft  sandstone. 

244i  -247i Greenish-drab  clay. 

247i  -267^ Fine-grained,  reddish,  very  soft  sandstone. 

267^269^ Arenaceous  gray  clay  lying  on  chert,  shale,  and  limestone. 

It  is  thought  that  the  top  of  the  Dakota  formation  was  entered  at  a 
depth  of  48i  feet,  but  the  evidence  is  by  no  means  conclusive. 

From  the  data  of  wells  and  outcrops  in  the  Lincoln  region  it  has 
been  possible  to  prepare  a  map  (PI.  XX)  with  contour  lines  showing 
the  altitude  of  the  surface  of  the  Dakota  sandstone  under  a  portion 
of  Lancaster  County  and  adjoining  area.  These  lines  are  intended 
to  indicate  the  contour  of  the  sandstone  surface  on  which  the  drift 
deposits  lie.  An  endeavor  has  also  been  made  to  differentiate  the 
valleys  cut  into  the  sandstone  in  areas  from  which  the  drift  has 
been  removed,  as,  for  instance,  along  the  center  of  the  Salt  Creek 
and  Southeast  Salt  Creek  valleys.  A  further  explanation  of  the  rela- 
tions is  shown  by  cross  sections  in  PI.  XXI.  The  irregularities  of 
contour  are  probably  mainly  due  to  preglacial  erosion,  but  there  is 
some  evidence  that  the  elevated  area  about  Pleasantdale  is  due  in 
part  to  an  upward  arching  of  th0  beds. 

In  PL  XVII  the  depth  of  the  Dakota  sandstone  below  the  surface 
is  shown  for  each  50  feet,  as  a  guide  to  the  contained  water  supply. 

Benton  and  Niobrara  formations, — The  Benton  formation,  in  its 
typical  development,  consists  of  dark  shale  lying  conformably  on  the 
surface  of  the  Dakota  sandstone.  Owing  to  the  heavy  drift  and  loess 
covers  in  the  region  in  which  the  Bt^nton  formation  should  be  expected 
to  reach  the  surface,  only  one  exposure  of  that  formation  has  been 
found.  This  is  in  the  bed  of  Big  Blue  River  just  below  Milford, 
where  a  few  inches  of  black  shales  of  supposed  Benton  age  are  to  be 
seen  under  the  Niobrara  beds.  As  it  was  not  possible  to  obtain 
evidence  as  to  the  depth  at  which  the  Dakota  sandstone  lies  in  this 
vicinity,  no  definite  statement  can  be  made  of  the  thickness  of  the 
Benton  deposits,  but  it  is  thought  they  will  prove  to  be  less  than  100 
feet  thick.  The  boring  at  Seward,  of  which  a  record  is  shown  in 
fig.  8,  page  31,  found  100  feet  of  dark  clay  lying  between  **8and  and 
gravel"  and  the  top  of  the  supposed  Dakota  beds.  If  the  '^sand 
and  gravel"  are  drillings  from  Niobrara  beds,  which  is  probable,  the 
underlying  clay  would  be  Benton.  The  probable  location  of  the  east- 
em  margin  of  the  formation  is  shown  in  PI.  XX. 
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The  Niobrara  formation  is  represented  by  impure  siliceous  lime- 
stones, which  outcrop  at  a  number  of  points  in  the  eastern  and  south- 
ern pari  of  Seward  and  Saline  counties.  The  beds  are  usually  thin, 
but  owing  to  their  hardness  and  the  ease  with  which  they  can  be 
quarried,  they  have  been  employed  to  some  extent  for  foundation  and 
other  rough  work.  There  are  some  quarries  near  Pleasant  Hill,  along 
the  west  side  of  the  North  Fork  of  Turkey  Creek,  on  the  east  bank 
of  Big  Blue  River  4  miles  north  of  Crete,  and  in  the  upper  portion  of 
the  valley  of  Middle  Oak  Creek,  northeast  of  Germantown.  The  for- 
mation is  also  exposed  for  some  distance  along  Beaver  Creek  near  the 
southern  margin  of  Seward  County,  and  along  Big  Blue  River  just 
below  Milford,  notably  in  a  small  branch  just  south  of  the  Soldiers* 
Home  at  Milford,  as  shown  in  PI.  XI;  and  it  is  said  to  appear  in  the 
bed  of  Big  Blue  River  in  the  vicinity  of  Camden. 

The  rock  is  characterized  by  impressions  of  the  fossil  oyster  known 
.as  Inoceravmis  hbiatus  and  possibly  some  other  species.  In  some  of 
the  beds,  also,  we  maj'  expect  to  find  the  characteristic  fossil  Ostrea 
cofigesta.  The  general  aspect  of  these  fossils  is  shown  in  the  two  fig- 
ures on  PI.  XII.  These  fossils  are  here  figured  because  it  is  very 
importa.nt  to  be  able  to  distinguish  them  from  the  Carboniferous  fos- 
sils in  the  limestone  which  underlies  the  Dakota  sandstone.  Their 
occurrence  is  a  guide  to  the  progress  of  a  deep  boring  west  of  longi- 
tude 97°,  for  the  water-bearing  Dakota  beds  may  be  expected  in  regu- 
lar order  below.  The  thickness  of  the  Niobrara  formation  can  not  be 
definitely  stated,  as  none  of  the  exposures  were  complete,  and  we  have 
no  well  records  which  are  sufficiently  definite  to  afford  a  basis  for  pre- 
cise estimation.  It  is  believed,  however,  that  the  formation  will  not 
prove  to  be  over  40  or  50  feet  in  thickness,  and  probably  it  is  consid- 
erably less. 

Pierre  sludes. — This  formation  consists  of  a  great  mass  of  shales, 
predominantly  dark  gray  in  color,  which  thicken  rapidly  westward 
under  central  and  western  Nebraska.  Owing  to  the  heavy  mantle  of 
loess  and  drift,  and,  to  the  west,  of  Neocene  deposits,  there  are  no 
exposures  of  these  shales  at  the  surface.  They  have,  however,  been 
deeply  penetrated  by  a  number  of  well  borings.  At  Kearney  it  is 
claimed  that  they  are  over  2,500  feet  thick;  at  Hastings  they  extend 
from  224  feet  to  1,346^  feet;  at  Dannebrog  they  extend  from  135  feet  to 
1,011  feet,  and  at  York  they  were  penetrated  for  several  hundred  feet. 
It  is  probable  that  the  thickness  is  4,000  feet  under  the  western  por- 
tion of  the  State,  as  shown  in  PI.  IV,  but  the  actual  amount  is  not 
known.  The  shales  contain  occasional  thin  beds  of  sand,  iron  pyrites, 
and  heavy  dark  clay. 

Neocene  formations, — The  representatives  of  the  Neocene  forma- 
tions which  are  so  prominent  in  the  western  portions  of  Nebraska  are 
found  underlying  the  Pleistocene  deposits  in  the  central  portion  of 
the  State,  where  their  thickness  gradually  decreases  until  finally  they 
thin  out  entirely. 
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The  materials  consist  of  siliceous  and  calcareous  sediments,  mainly 
of  a  sandy  texture  and  chalky  aspect.  They  are  often  called  "mag- 
nesia." Portions  of  the  beds  are  light-colored,  very  sandy  clays  con- 
taining chalk-like  nodules.  The  eastern  margin  of  these  deposits  has 
not  been  definitely  located  in  the  area  to  which  this  report  relates. 
South  of  the  South  Fork  of  Loup  River  there  is  no  evidence  of  their 
existence  east  of  longitude  98°  30',  but  north  of  that  river  they  may 
extend  somewhat  farther  east.  They  are  exposed  in  depressions 
northeast  of  Kearney,  and  from  thence  westward  in  Buffalo,  Dawson, 
Phelps,  and  Grosper  counties,  where  many  of  the  deeper  canyons  cut 
into  them.  Owing  to  the  manner  in  which  the  loess  rolls  down  or 
caves  along  the  slopes  of  the  wider  depressions,  exposures  are  rela- 
tively rare,  and  so  far  it  has  not  proved  practicable  to  map  the  Neo- 
cene formations  very  satisfactorily,  owing  to  their  being  thus  concealed 
for  long  intervals  in  depressions  in  which  they  might  otherwise  be 
expected  to  outcrop.  To  the  west  the  exposures  increase  in  abund- 
ance and  a  greater  thickness  of  the  formation  is  exjMjsed.  The  most 
extensive  exposures  in  the  area  to  which  this  report  relates  are  along 
the  upper  portions  of  Plum  Creek. 

Earlier  Pleistocene  deposits. — These  deposits  comprise  a  mass  of 
glacial  drift  in  Lancaster  and  eastern  Seward  counties,  and  a  thin 
sheet  of  gravelly  sand,  which  extends  far  westward  under  the  loess 
mantle  of  the  plains  region,  and  appears  to  be  contemporaneous  with 
the  glacial  drift.  The  glacial  drift  constitutes  a  very  irregular  mass 
of  bowlder  clays,  sands,  gravels,  and  bowlder  beds,  covering  the  greater 
part  of  Lancaster  County.  It  constitutes  high  hills,  which  are  trav- 
ersed by  the  deep,  wide  vaUeys  of  Salt  Creek  and  its  branches  in  the 
region  about  Lincoln.  The  glacial  drift  ends  toward  the  west  in  the 
slope  which  descends  quite  steeply  to  Big  Blue  River  from  Seward 
southward.  Its  precise  western  limit  could  not  be  definitely  deter- 
mined owing  to  the  overlapping  of  loess  and  the  frequent  lack  of  dis- 
tinctive outcrops.  The  greater  portion  of  the  glacial  drift  consists  of 
blue  and  gra^  bowlder  clays.  There  are  also  beds  of  blue  and  gray 
clay  nearly  pure  or  containing  a  little  mixture  of  fine  sand,  but  scat- 
tered bowlders  of  pebbles  occur  almost  everywhere  through  it.  There 
are  included  sand  beds,  ordinarily  containing  bowlders,  but  locally 
quite  free  from  them,  and  numerous  lenses  of  bowlder  beds,  consisting 
mainly  of  bowlders.  The  pink  Sioux  quartzite,  often  in  very  large 
masses,  is  a  conspicuous  feature  of  the  drift,  but  there  are  many  other 
rocks  associated.  Wide  areas  of  clay  surface  with  only  a  few  scat- 
tered bowlders  occur,  and  other  areas  of  light-colored  sandy  clays, 
particularly  on  the  higher,  level  lands,  which  appear  to  be  loess  merg- 
ing into  the  glacial  drift.  A  characteristic  bowldery  surface  is  shown 
in  PI.  XIII. 

No  order  of  succession  has  yet  been  determined  for  the  glacial 
deposits.     Instructive  exposures  are  very  rare,  and  well  records  have 
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thrown  but  little  light  on  the  relations.  In  fig.  4  is  given  a  sketch  of 
some  features  exposed  on  the  Chicago,  Rock  Island  and  Pacific  Rail- 
road cut  near  Prairie  Home,  in  Lancaster  County. 

The  central  mass  is  an  oxidized,  ferruginous  clay  of  brownish-buff 
color,  with  scattered  pebbles  and  soft  calcareous  concretions.  The 
overlying  sheet  of  bowlders  contains  many  masses  of  pink  Sioux 
quai-tzite,  mainly  angular,  with  some  fragments  of  other  crystalline 
rocks.  This  is  overlain  by  pinkish  sandy  clay,  with  a  few  pebbles, 
mostly  of  small  size.  On  the  top  is  a  mantle  of  pale-buff  loam,  with 
ferruginous  and  calcareous  concretions  somewhat  like  loess  in  asx>ect, 
but  more  argillaceous  and  lacking  the  typical  texture. 

The  thin  drift  sheet  which  extends  far  westward  from  the  glacial- 
drift  margin,  under  the  loess,  underlies  a  wide  area  of  central  Nebraska. 
It  is  usually  a  thin  sheet  of  sandy  clay,  commonly  of  pinkish  color. 
Eastward  it  becomes  more  sandy,  thickens,  and  is  often  represented 
by  coarse  sand.  Pebbles  of  a  great  variety  of  rocks  of  Rocky  Moun- 
tain origin  occur,  both  in  the  pink  sandy  clays  and  in  the  more  sandy 
portions  to  the  east.  These  pebbles  are  characteristic  of  the  deposit 
as  far  westward  as  I  have  iniced  it,  which  is  in  the  vicinity  of  Ogal- 


Ftg.  4.— Qlacinl  formations  in  cut  one-qnarter  mile  west  of  I*rairle  Home  station;  looking  north. 

lala.  The  precise  relation  of  this  formation  to  the  glacial  drift  can 
not  be  ascertained  in  the  area  examined,  but  it  appears  to  merge 
into  glacial-drift  deposits  in  eastern  Seward  County. 

The  loess, — The  loess  is  a  great  mantle  of  light  buff-colored  loam, 
which  constitutes  the  surface  of  the  plains  of  south-central  Nebraska 
over  thousands  of  square  miles.  It  abuts  against  and  overlaps  the 
thick  mass  of  glacial  drift  to  the  east  in  eastern  Seward  County,  but 
extends  westward  in  a  vast  tabular  surface.  From  the  eastward 
there  is  a  lower-level  phase  which  extends  up  the  depressions  of  Salt 
Creek  and  Little  Nemaha  River,  but  does  not  reach  an  altitude  much 
above  1,250  feet  in  the  Lincoln  region.  The  most  extensive  develop- 
ment of  the  formation  is  in  the  wide  plains  west  of  Big  Blue  River, 
where  it  covers  all  of  the  surface  between  the  large  drainage  depres- 
sions. A  wide  trench  is  cut  through  the  formation  by  the  valley  of 
Platte  River,  and  many  smaller  streams  have  cut  through  or  deeply 
into  it. 

In  the  upland  portions  of  Buffalo,  Dawson,  and  Gosper  counties 
the  surface  is  deeply  invaded  by  numerous  small  valleys,  which 
become  steep-sided  canyons  as  the  land  rises  to  the  west,  particularly 
in  Gr08i)er  County. 
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The  materials  of  the  loess  consist  of  fine  sandy  loam,  somewhat 
calcareous,  and  chiefly  of  a  pale  brownish-yellow  color.  Occasionally 
a  streak  of  sand  is  found,  and  some  portions  are  slightly  more  argil- 
laceous than  usual.  The  material  is  of  remarkably  uniform  texture, 
compact,  but  x)erf ectly  soft.  Water  falling  upon  its  surface  is  absorbed 
in  some  measure,  but  on  steep  slopes  the  material  is  rapidly  excavated 
wherever  a  rivulet  gets  a  fair  start. 

In  the  lower  part  of  the  formation,  possibly  underlying  it  and 
entirely  separate,  are  deposits  of  volcanic  ash,  usually  mixed  with  more 
or  less  fine  sand,  but  often  so  pure  as  to  be  of  brilliant  white  color, 
and  consisting  almost  entirely  of  fine  shreds  of  volcanic  glass.  The 
purer  material  is  very  serviceable  as  a  polishing  powder.  The  occur- 
rence of  this  volcanic-ash  deposit  has  been  reported  at  two  localities 
within  the  area,  but  owing  to  lack  of  knowledge  as  to  the  conditions 
under  which  it  occurs,  no  description  of  it  will  here  be  offered. 

The  loess  is  generally  fossiliferous,  containing  scattered  fossils  of 
quite  a  variety  of  species,  of  ten  represented  by  numerous  individuals. 
These  fossils  were  found  throughout  the  area  represented  as  loess  in 
PI.  III.  It  also  contains  calcareous  concretions,  especially  toward  the 
east.     An  outcrop  of  loess  in  Salt  Creek  Valley  is  shown  in  PI.  XV. 

AUuvium. — ^The  wider,  deeper  valleys  are  floored  with  alluvial 
deposits  which  have  been  brought  from  greater  or  less  distances  by 
the  streams  now  occupying  these  valleys.  Along  the  smaller  drain- 
age ways  the  materials  are  of  such  local  origin  that  it  has  not  always 
been  possible  to  differentiate  them  satisfactorily,  but  in  the  larger 
valleys  they  are  well-defined  alluvial  accumulations  of  considerable 
thickness.  The  most  notable  deposits  are  those  in  the  wide  valley  of 
Platte  River,  which  has  a  width  of  20  miles  at  Grand  Island,  12  miles 
at  Kearney,  and  15  miles  at  Lexington,  and  is  floored  to  a  considerable 
depth  with  alluvial  deposits. 

Along  the  South  Fork  of  Loup  River  and  Wood  River  there  are 
also  narrower  alluvial  deposits,  which  are  confluent  with  those  of  the 
Platte  Valley.  There  are  deposits  also  along  Little  Blue  River,  Big 
Blue  River  and  its  branches,  and  in  the  depression  of  Salt  Creek 
and  its  branches. 

A  large  amount  of  the  alluvial  deposits  consists  of  loess-like  mate- 
rial  containing  streaks  of  clay  and  gravel,  but  usually  lacking  the  loess 
texture  and  fossils.  In  the  immediate  vicinity  of  Platte  River,  along 
its  channel  and  islands,  the  deposits  are  mainly  coarse  sands  with 
more  or  less  gravel,  but  there  are  extensive  admixtures  of  loam  and 
some  clay.  In  the  valley  of  Salt  Creek  the  material  is  largely  loess- 
like, but  there  is  also  a  great  deal  of  dark  mud,  and  this  is  in  greater 
part  the  characteristic  which  is  presented  along  Big  Blue  River  and 
its  larger  branches. 

Dune  sands. — The  area  to  which  this  report  relates  lies  southeast 
of  the  gieat  sand-hill  region  of  Nebraska,  but  it  includes  a  number  of 
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small  local  sand-dune  areas.  The  largest  of  these  extends  along  the 
south  side  of  the  Platte  Valley  from  opposite  Elm  Creek  to  opposite 
Wood  River.  There  are  several  small  dune  areas  along  the  south  side 
of  the  valley  of  the  South  Fork  of  Loup  River  near  Sartoria  and  Pleas- 
an  ton,  and  the  southern  extremity  of  an  extensive  area  is  found  just 
west  of  Cairo.  There  are  some  small  detached  areas  of  dune  sands 
southwest  of  Eenesaw,  in  Adams  County,  and  south  and  southwest 
of  HolsteJn,  in  the  same  county,  and  in  the  eastern  part  of  Kearney 
County.  These  dune  sands  are  wind  blown  and  derived  mainly  from 
alluvial  deposits  of  the  river  bottom,  which  have  traveled  along  the 
valley  and  accumulated  where  changes  in  the  trend  of  the  valley 
were  favorable  for  stopping  them,  or  where  some  minor  obstructions 
arrested  their  progress.  The  belt  south  of  Kearney  has  a  width  of 
about  5  miles  where  it  is  widest. 

The  sands  lie  on  the  pebbly  or  sand}''  floor  of  the  river  bottom,  but 
are  usually  banked  up  against  the  edge  of  the  loess  upland,  and  in 
some  places  extend  up  onto  the  plains  surfaces.  The  dunes  present 
great  varieties  of  form,  cones,  ridges,  mounds,  and  basins  being  the 
most  general.  Over  much  of  the  area  there  is  no  movement  of  the 
sand,  and  the  surface  is  covered  with  sod.  There  are,  however,  many 
bare  places  from  which  the  sand  is  traveling.  In  windy  weather  more 
or  less  sand  is  blown  all  over  the  region,  and  loose  sand  is  mixed 
with  the  soil  of  the  loess  plain  adjoining,  usually  for  some  distance 
from  the  margin  of  the  sand-dune  area.  A  characteristic  sand  dune 
is  portrayed  in  fig.  1,  on  page  13. 

THE  WATER  HORIZONS. 

The  underground  waters  of  southern-central  Nebraska  occur  in 
several  geologic  horizons.  In  the  region  west  of  Big  Blue  River  the 
various  beds  of  coarse  material  lying  between  the  loess  and  the  Pierre 
shales  afford  a  general  water  supply  which  is  of  large  volume  at  nearly 
all  localities.  The  eastern  edge  of  the  Neocene  deposits  and  the 
drift  sands  which  lie  just  below  loess  are  the  principal  reservoirs  of 
these  waters. 

In  the  wide  valley  of  Platte  River  nearly  all  of  the  coarser  mat<erial8, 
especially  the  basal  beds  of  the  alluvium  and  the  coarser  portions  of 
the  alluvium  near  the  stream,  are  filled  with  water,  which  is  obtainable 
from  shallow  wells.  Although  in  dry  weather  the  Platte  River  shows 
very  little  water  at  the  surface,  just  below  the  dry  sand  and  shingle 
in  its  bed  there  is  a  sheet  of  water  which  extends  widely  under  the 
alluvial  fiat  on  either  side.  These  permeable  alluvial  materials  and 
more  or  less  underlying  coarse  material  of  Neocene  and  Pleistocene 
age  contain  a  large  aggregate  supply  of  water. 

As  the  valley  of  Platte  River  is  somewhat  higher  than  the  adjoining 
valleys  of  the  branches  of  Blue,  Republican,  and  Loup  rivers,  the 
waters  that  lie  in  its  bottom  flow  out  laterally  through  the  coarse  mate- 
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rial  underlying  the  loess  and  issue  as  springs  or  underground  seepage 
in  these  deeper  depressions.  In  the  vicinity  of  Grand  Island  the  evi- 
dence is  very  clear  that  the  Platte  waters  pass  under  the  loess-covered 
divide  and  emerge  in  the  deep  valleys  of  the  head  waters  of  branches 
of  Big  Blue  River,  which  are  considerably  lower  in  altitude  than  the 
bottom  of  the  Platte  Valley.  There  is  also  underground  leakage  to 
the  north  into  the  depression  containing  the  South  Fork  of  Loup  River. 
This  is  very  clearly  shown  at  Kearney,  where,  in  a  series  of  gage  wells 
sunk  for  the  Division  of  Hydrography,  the  water  level  is  shown  to  grad- 
ually decline  to  the  northwest  a  very  appreciable  amount  within  the 
city  limits  of  Kearney,  as  shown  by  fig.  12,  on  page  40.  The  wells  in 
the  valleys  and  high  lands  northward  show  a  continued  diminution  in 
altitude  of  the  water  surface,  which  indicates  an  underground  flow 
to  the  north.  There  is  excellent  evidence  that  under  Phelps  and 
Kearney  counties  there  is  underflow  from  Platte  River  toward  the 
Republican  Valley.  This  underflow  is  rendered  possible  by  the  per- 
vious  nature  of  the  great  sheet  of  materials  which  lies  between  the 
loess  and  the  top  of  the  impervious  Pierre  shales.  These  conditions 
are  illustrated  in  fig.  5. 
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Fio.  S.— Ideal  section  showing  the  nsoal  relations  of  nndergroand  waters  in  the  central  plains 

region  of  Nebraska. 

The  valley  on  the  left  is  that  of  Platte  River,  and  the  depres- 
sion on  the  right  is  similar  to  the  depressions  of  the  branches  of  Big 
and  Little  Blue,  Republican,  and  Loup  rivers.  The  rate  of  this  under- 
flow is  exceedingly  slow,  for  careful  experiments  have  shown  that 
underground  water  moving  through  sands,  even  if  the  sands  are  rel- 
atively coarse,  does  not  progress  over  a  mile  or  two  a  year. 

As  the  water-bearing  beds  under  the  loess  thicken  westward,  their 
upper  portions  rise  higher  above  the  bottom  of  the  Platte  Valley  in 
western  Dawson  and  Gtosper  counties,  and  it  is  usually  found  necessary 
to  go  to  considerable  depth  in  them  to  find  sufficient  water  supply. 

Some  of  the  exceptional  relations  which  are  often  found  locally  in  the 
region  west  of  the  ninety-eighth  meridian  are  illustrated  in  the  cross 
sections  in  PI.  XVIII.  In  section  A  there  is  shown  a  condition  which 
is  quite  frequent  in  Buffalo  and  Dawson  counties.  A  well  at  B  has 
to  go  to  the  general  underflow  in  the  water-bearing  bed  A  A;  but  at 
C,  at  much  less  depth,  a  local  water  supply  of  greater  or  less  volume 
is  found  in  a  shallow  basin  underlain  by  clay.  In  section  B  a  condi- 
tion is  illustrated  which  is  found  in  some  of  the  shallower  valleys  on 
the  high  loess  plains.    Here  the  underflow  conditions  are  continued 
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under  a  valley  without  interruption,  and  the  beds  yield  wat^r  to  wells 
at  G  G.  They  are  also  reached  by  wells  at  E  and  F,  but  at  E  a  water 
supply  may  be  obtained  from  the  gravels  flooring  the  valley  bottom.  In 
section  Care  shown  the  relations  of  two  water-bearing  sands  separated 
by  a  bed  of  clay.  In  some  areas  both  horizons  are  drawn  on  for  water, 
and  either  one  may  contain  the  greater  amount.  Ordinarily  the  deep- 
est wells  obtain  the  largest  supplies  of  water,  but  in  other  caises  the 
largest  volumes  are  in  the  upper  bed  of  sand  containing  the  under- 
flow from  the  river  valleys.  A  well  at  H  would  find  abundant  sup- 
plies of  water  in  the  gravels  and  sands  flooring  the  valley. 

Section  D  illustrates  a  relation  which  may  account  for  some  observed 
inequalities  in  the  volume  of  water  in  the  same  bed  of  sand  on  either 
side  of  a  river  valley.  A  well  at  J  would  yield  a  good  supply  of 
water,  but  one  at  K  would  yield  less  because  the  water  escapes  into 
the  river  bottom  on  the  one  side  and  a  local  deposit  of  clay  seals  off 
the  entrance  of  a  continued  underflow  on  the  other  side  of  the  valley 
toward  K. 

Section  E  illustrates  a  change  of  material  from  coarse  to  fine — per- 
vious to  impervious — in  the  same  bed.     Thus,  a  well  at  L  would 
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Fig.  6.— Ideal  section  from  the  Platte  VaOey  to  and  down  the  Talley  oC  West  Bine  Blver,  to 

show  the  probable  canee  of  the  flow. 

6btain  a  water  supply  from  sands  which  merge  into  clay  toward  M, 
where  the  clay  would  have  to  be  penetrated  to  underlying  sands  at 
greater  depth. 

The  geologic  relations  of  the  water-bearing  stratum  in  the  Beaver 
Crossing  region  are  not  as  yet  fully  ascertained.  The  waters  lie  in 
sands  which  are  overlain  by  a  heavy  bed  of  tough,  impervious  clay, 
but  the  depths  are  so  moderat-e  that  it  can  hardly  be  thought  that 
these  sands  are  of  the  Dakota  formation.  It  is  much  more  probable 
they  are  in  the  western  extension  of  the  drift  deposits.  The  head  is 
due  to  the  elevation  of  the  intake  area  of  the  waters  westward,  and  it 
is  sustained  locally  through  the  protection  afforded  by  a  wide  extent  of 
the  overlying  mantle  of  tough,  impervious  clay.  In  fig.  6  is  given  an 
ideal  section  to  show  the  probable  relation.  This  should  be  compared 
with  the  section  in  fig.  5  (p.  25),  which  shows  the  usual  conditions  in 
other  areas  where  there  is  no  flow. 

In  Lancaster  and  eastern  Seward  counties  the  principal  supplies  of 
underground  waters  occur  in  the  Dakota  sandstone  and  sands.  In 
the  drift  dexKMsits  waters  are  often  abundant  in  supply  and  satisfac- 
tory in  quality,  but  their  ooourrenoe  is  so  exceedingly  irregular  that 
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hoose.  In  a  boring  reported  to  have  attatDed  a  depth  of  365  feet,  a 
half-mile  northeast  of  the  coort-houBe,  a  aapply  of  water  was  foand 
which  is  said  to  have  come  within  10  feet  of  the  top  (within  40  feet 
according  to  another  authority).  In  another  attempt  to  find  deep 
wat«r  at  Seward  a  boring  was  sunk  to  a  depth  of  610  feet,  where  it 
was  abandoned  in  a  mass  of  "red  ocher"  without  obtaining  a  flow. 
From  a  i>artial  record  furnished  of  this  bor- 
ing the  diagram,  fig.  8,  has  been  drawn.  >^'»o 
The  red  ocher  reported  in  this  boring  is  '^"" 
probably  a  highly  ferruginous  phase  of  the  '*°''  - 
Dakota  sandstone.  If  this  is  the  case,  it 
indicates  that  at  Seward  the  upper  portion 
of  the  Dakota  formation  is  too  fine  grained 
to  yield  a  water  supply.  It  is  unfortunate 
that  the  boring  was  not  continued  to  lower 
beds  of  the  formation,  for,  as  they  are  ■'""'i' 
oRually  coarser,  they  would  no  doubt  have 
furnished  a  water  supply. 

The  principal  wells  about  Seward  have  a 
depth  of   abont  60  feet  and  obtain  a  fair 
supply  of  water  in  gravels  and  sands.    At 
Tamora  wells  average  70  feet  in  depth  and    t,mtM 
contain  about  7  feet  of  water;  at  Utica  the 
average  depth  of  wells  is  SO  feet  and  the    »-d., 
water  rises  from  1  foot  to  2  feet  in  them. 
Similar  conditions  prevail  over  the  greater 
part  of  the  plains  r^ion  in  the  central  and 
western  portions  of  Seward  County.      At    "»->-i 
Goehner  wells  are  from  82  to  100  feet  deep 
and  contain  15  feet  of  wat«r.     At  Cordova 
they  are  105  feet  deep  and  contain  10  feet      Fio. 8.-ReTOrd  at  boring  at 
of  water.     In  the  valley  of  Big  Blue  River, 

in  the  central  and  northern  portion  of  the  county,  the  water  level  is 
Qgually  somewhat  less  than  50  feet  below  the  ground;  at  Staplehurst 
it  is  10  to  12  feet;  at  Bee  wells  average  about  50  feet  deep;  at  Ger- 
mantown,  far  up  among  the  drift  hills,  the  wells  are  from  30  to  50 
feet  deep  and  contain  from  10  to  15  feet  of  wat«r. 

Through  much  of  the  drift-covered  country  in  the  eastern  portion 
of  Seward  County  waters  are  obtainable  within  50  feet  of  the  surface 
in  beds  of  sand  and  gravel  in  the  drift.  In  some  cases,  however,  the 
SQpplies  are  scanty  and  it  is  necessary  to  sink  deeper  wells.  The 
experience  with  these  deeper  wells  is  exceedingly  variable.  A  few  in 
the  vicinity  of  Pleasantdale  have  been  sunk  to  the  Dakota  sandstone, 
which  usually  yields  a  satisfactory  water  supply  at  depths  of  50  to 
S50  feet,  depending  upon  the  altitude  of  the  land.  One  boring  just 
south  of  the  railroad,  halfway  between  Pleasantdale  and  Milfoi'd, 
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penetrated  the  Dakota  sandstone  for  40  feet,  but  found  it  exceedingly 
hard  and  almost  dry.  This,  however,  appears  to  be  a  very  exceptional 
condition. 

NORTHERN  SALINE  COUNTY. 

Only  the  northern  half  of  this  county  was  included  in  the  area 
examined  in  1896.  It  is  a  region  in  greater  part  of  plains,  traversed 
by  the  North  Fork  of  Turkey  Creek,  and,  near  its  eastern  margin,  by 
Big  Blue  River.  East  of  the  wide  alluvium  and  loess  plain  in  the 
valley  of  this  river  rise  the  slopes  of  the  hills  of  glacial  drift  which 
are  so  prominent  in  the  adjoining  county  of  Lancaster.  The  under- 
ground waters  which  supply  the  plains  region  are  found  hi  a  sheet  of 
sand  and  gravel  which  underlies  the  loess.  This  water-bearing 
stratum  lies  between  60  and  90  feet  below  ground  over  the  greater 
part  of  the  plains  portion  of  the  county,  and  yields  water  to  a  large 
number  of  wells.  At  Friend  the  water  level  is  90  feet  below  ground. 
At  Dorchester  the  town  well  is  110  feet  deep,  and  the  water  rises  to 
within  98  feet  of  the  surface  of  the  ground. 

Along  the  valley  of  Turkey  Creek  and  Big  Blue  River  water  sup- 
plies of  greater  or  less  amount  are  obtained  at  depths  mainly  of  30 
to  40  feet.  The  shallower  wells  at  Crete  have  a  depth  of  about  40 
feet,  with  a  water  surface  15  feet  below  ground.  In  deep  wells, 
sunk  for  larger  supplies  for  the  city,  a  depth  of  155  feet  is  attained, 
probably  to  the  top  of  the  Dakota  sands.  The  wells  contain  139 
feet  of  water,  the  water  level  being  16  feet  below  ground.  On  the 
slopes  of  the  drift  hills  east  of  Blue  River  the  waters  occur  in  a  very 
irregular  manner.  Many  of  the  well^  are  between  40  and  80  feet  in 
depth,  and  obtain  satisfactory  water  supplies.  Other  wells  have 
been  sunk  to  depths  of  from  120  to  180  feet,  notably  in  an  area  at  the 
head  of  Salt  Creek,  4  miles  southeast  of  Crete. 

The  Dakota  sandstone  underlies  this  county  at  no  great  depth,  and 
might  be  expected  to  furnish  water  supplies,  but  few  attempts  have 
yet  been  made  to  reach  the  formation,  as  usually  sufficient  water  for 
local  use  has  been  obtained  in  overl3dng  deposits. 

YORK  COUNTY. 

The  greater  part  of  York  County  is  underlain  by  formations  con- 
taining large  supplies  of  water,  which  are  in  greater  part  available 
for  wells  less  than  100  feet  in  depth.  In  two  small  districts  on  the 
higher  plains  the  depths  to  the  waters  are  slightly  over  100  feet. 
These  are  south  of  McCool  and  on  the  north  side  of  Lincoln  Creek 
north  of  Bradshaw,  where  the  wells  are  from  110  to  140  feet  in  depth, 
and  contain  from  10  to  30  feet  of  water,  bringing  the  water  level  not 
much  more  than  100  feet  below  ground. 

In  the  depressions  of  Blue  River  and  its  branches  and  of  Beaver 
and  Lincoln  creeks  it  is  only  necessary  to  sink  from  20  to  40  or  50 
feet  for  abundant  water  supplies,  which  come  from  the  same  water- 
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no  definite  idea  could  be  formed  as  to  their  relations.  A  large  num- 
ber of  wells  have  been  sunk  to  the  Dakota  sandstone,  which  is  usually 
so  porous  as  to  yield  an  excellent  water  supply.  In  the  lower  lands 
it  lies  at  very  moderate  depths,  but  in  the  higher  lands  a  deep  boring 
is  often  required  to  reach  it.  On  account  of  the  definiteness  of  this 
water  horizon  it  has  been  made  the  basis  of  water  prediction  in  the 
Lancaster  County  area,  as  shown  on  PI.  XVII. 

The  waters  of  the  Carboniferous  limestone  have  been  tested  at  Lin- 
coln, and  found  to  be  highly  saline.  In  a  portion  of  this  area  the 
waters  in  the  Dakota  sandstone,  also,  are  quite  saline,  owing,  it  is 
thought,  to  impregnation  from  springs  or  seepage  from  the  underly- 
ing Carboniferous  limestone.  It  is  probable  that  these  springs  existed 
daring  the  deposition  of  the  Dakota  formation,  and  have  continued 
in  greater  or  less  volume  since,  for  the  present  superficial  deposits 
of  the  valley  are  highly  impregnated  with  salt. 

In  the  sand  hills,  especially  those  in  northern  Kearney  and  north- 
eastern Phelps  counties,  more  or  less  water  is  often  found  in  the  base 
of  the  sand  accumulations,  especially  where  the  sand  lies  on  a  less 
permeable  portion  of  the  alluvial  deposits.  Quite  a  number  of  shal- 
low wells  in  the  sand-hill  region  find  a  satisfactory  domestic  supply 
of  water  without  having  to  sink  to  the  underlying  alluvium  or  loess. 

LANCASTER  COUNTY. 

Lancaster  County  lies  within  the  area  of  glacial  drift,  which  is 
underlain  mainly  by  the  Dakota  sandstone.  There  are  also  wide  val- 
leys, mainly  those  of  Salt  Creek  and  its  branches,  filled  with  loess 
and  alluvium.  The  principal  water-bearing  formation  is  the  Dakota 
sandstone,  but  waters  also  occur  among  the  drift  deposits.  The 
waters  in  the  drift  are  of  very  irregular  occurrence,  but  they  furnish 
supplies  for  many  scattered  wells.  As  their  distribution  is  governed 
by  laws  at  present  not  well  understood,  it  is  almost  impossible  to 
make  a  general  statement  regarding  them  which  would  be  of  any  value. 
In  some  cases,  also,  waters  supposed  to  be  derived  from  the  drift 
may  possibly  accumulate  through  leakage  from  the  underlying  Dakota 
sandstone.  This  sandstone  appears  to  carry  water  supplies  through- 
out the  area  of  Lancaster  County,  excepting  about  Roca  and  along 
the  Little  Nemaha  River,  where  the  limestones  come  to  the  surface,  and 
at  a  few  local  points  where  the  rock  is  less  permeable  than  usual. 
The  surface  of  the  Dakota  sandstone  slopes,  as  a  rule,  gently  eastward, 
although  the  general  dip  of  the  beds  of  the  formation  is  toward  the 
west.  The  contour  of  its  surface  under  the  heavy  drift  mantle  is 
by  no  means  regular,  for  it  presents  numerous  ridges  and  mounds  of 
various  sizes,  separated  by  irregular  depressions,  as  shown  in  Pis. 
XX  and  XXL  The  larger  depressions  of  the  county  have  been  exca- 
vated through  the  drift,  and  in  places  more  or  less  deeply  into  the 
Dakota  formation,  which  gives  further  complexity  to  the  contour  of 
its  surface. 
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As  the  Lancaster  County  region  is  one  of  high  hills  and  ridges,  the 
irregular  surface  of  the  Dakota  sandstone  lies  at  depths  which  vary 
greatly.  These  variations,  however,  are  not  too  irregular  for  repre- 
sentation on  a  map,  and  in  PI.  XVII  there  is  shown  the  depth  to  the 
surface  of  the  sandstone  for  each  50  feet  from  50  to  250  feet.  This 
representation  is  based  on  observations  of  the  outcrops,  which  give  a 
fairly  good  idea  as  to  the  surface  configuration  of  the  formation,  and 
on  the  records  of  numerous  wells  which  draw  their  waters  from  it. 
It  will  be  seen  that  the  depths  are  quite  closely  related  to  the  altitude 
of  the  land  above  the  principal  valleys,  and  that  there  is  also  a 
somewhat  general  increase  of  depth  to  the  north  and  northwest.  In 
the  area  in  which  waters  are  shown  to  be  obtainable  at  less  than  50  feet 
below  the  surface  the  supplies  are  derived  mainly  from  the  Dakota 
sandstone,  into  which  the  depressions  are  excavated.  In  many  por- 
tions of  these  depressions  waters  are  available  at  considerably  less  than 
50  feet  below  ground,  but  there  is  great  irregularity  in  this  regard. 

Tlie  water  supplies  for  the  city  of  Lincoln  are  obtained  from  three 
pumping  stations  within  the  city  limits.  The  Rice  well,  at  Twenty- 
fourth  and  N  streets,  has  a  main  well  50  feet  deep  and  40  feet  in  diam- 
eter. In  its  bottom  there  are  seven  wells  6  inches  in  diameter  and  140 
feet  deep,  from  which  the  water  flows  up  into  the  large  well  to  within 
15  feet  of  the  ground  when  the  pumps  are  not  in  operation.  The 
water  is  almost  perfectly  fresh.  The  supply  is  augmented  by  six 
G-inch  gang  wells,  140  feet  deep,  situated  150  feet  south  of  the  main 
well.  The  total  product  is  stated  to  be  200,000  gallons  a  day.  At 
the  Park  well,  on  F  street  near  Sixth,  there  is  a  50-foot  well  75  feet  in 
diameter.  It  contains  three  6-inch  tubular  wells  40  feet  deep.  The 
water,  which  is  somewhat  salty,  rises  to  within  10  feet  of  the  ground, 
and  the  supply  is  200,000  gallons  a  day.  At  South  and  Seventh 
streets  there  is  a  supplemental  plant,  from  which  the  water  is  quite 
salty.  It  consists  of  a  gang  of  24  points,  55  to  58  feet  deep,  4  inches 
in  diameter,  and  yielding  150,000  to  200,000  gallons  a  day.  The 
salinity  of  the  waters  used  by  the  city  of  Lincoln  from  these  three 
plants  increases  gradually  from  east  to  west  toward  the  center  of  the 
salt-marsh  area  which  lies  along  the  western  margin  of  the  city. 
As  the  Dakota  sandstone  contains  abundance  of  fresh  water  to  the 
east  and  north  of  Lincoln  it  seems  quite  unnecessary  that  the  city 
supplies  should  be  in  part  drawn  from  the  salt-basin  area.  Several 
deep  borings  made  in  Lincoln  and  vicinity  obtained  only  salt  waters. 
They  passed  through  the  Dakota  sandstone,  which  furnishes  the 
waters  for  the  shallower  wells,  far  into  the  Carboniferous  limestones 
and  underlying  formations.  The  record  of  the  well  sunk  by  the  State 
at  the  southern  edge  of  the  Salt  Lake,  now  Burlington  Beach,  is  given  in 
fig.  7.  This  record  was  drawn  mainly  from  the  statements  published  by 
Mr.  B.  P.  Russell,^  the  geologist  who  was  placed  in  charge  of  the  well. 

1  Sixth  Biennial  Report  of  the  Ck>mmiflBioner  of  Public  Lands  and  Balldinga  to  the  Oovemor 
otNebratik^  December  1, 1888,  pp.  57-84. 


34   UNDERGROUND  WATERS  OP  SOUTHEASTERN  NEBRASKA,  [ifo-ia. 

was  attained.  It  is  stated  that  a  flow  was  found  at  a  depth  of  530 
feet,  which  spouted  2  feet  above  the  top  of  a  tube  extending  14  feet 
above  ground;  but  this  statement  could  not  be  authenticated  satis- 
factorily. A  small  flow  was  reported  at  290  (or  390?)  feet.  There 
also  appears  to  be  uncertainty  in  regard  to  the  record  of  the  boring, 
but  according  to  the  most  consistent  statement,  there  was  fine-grained 
material  to  93  feet,  sand  and  gravel  from  93  to  100  feet,  shale  from 
199  feet  for  a  considerable  depth,  and  sandstone  at  the  bottom,  in 
which  the  drill  stuck  at  a  depth  of  590  feet.  The  sandstone  may  pos- 
sibly be  the  Dakota  formation. 

A  deep  boring  was  started  at  McCool,  but  it  was  abandoned  at  a 
depth  of  150  feet.  The  following  record  was  furnished  by  Mr.  D.  C. 
Kims,  the  borer: 

Feet. 

0-  30 Loam. 

30 Water. 

30-  70 Sand. 

70-100 Yellow  clay. 

100-107 Soft  white  rock. 

107-118 Blue  sand  and  water. 

118-150 Tough  bine  clay,  with  a  3-foot  rock  layer. 

FILLMORE  COUNTY. 


In  this  county  the  conditions  are  very  similar  to  those  of  York 
County.  There  are  fewer  deep  valleys,  and  over  the  wide^  level  plains 
area  the  wells  find  abundant  water  supplies,  which  usually  rise  to 
within  from  60  to  90  feet  of  the  surface  of  the  ground.  Some  of  the 
wells  have  gone  deeper  to  secure  larger  volumes  of  water,  but  the 
level  to  which  the  water  rises  is  nearly  constant  over  the  area.  Some 
representative  wells  are  as  follows: 

WeUs  in  Fillmore  County, 


Locality. 


Fairmont 

Railroad  station . . 

Geneva  

Sawyer 

Sutton,  city  supply. .. 
Saronyille,  town  wells 

Strang 

Exeter 

Martland 

Shickley 


Depth. 

Depth  of 

water  in 

wells. 

Feet. 

Feet. 

30-70 

15-20 

237 

157 

120 

35 

65-75 

12-20 

140 

60 

80 

15 

80-100 

15-30 

40 

15 

96 

5 

85-100 

5-10 
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A  record  of  the  well  at  ihe  railroad  Htation  at  Fairmont  in  given  in 
fig.  9. 

Some  tubular  wells  in  the  neighborhood  of  Saronville  are  from  140 
to  150  feet  deep,  with  large  volume  of  water.  At  Exeter  the  water- 
bearing beds  are  exceptionally  near  the  surface  of  the  ground. 

HAMILTON  COUNTY. 

This  county  comprises  a  wide  area  of  plains,  lt«  northwest  comer 
extending,  however,  part  way  across  Platte  Valley.  It  is  underlain 
by  a  sheet  of  water-bearing  gravels  and  sands  that  are  exposed  in  the 
deep  valleys  of  several  branches  of  Blue  River  which  traverse  the  cen- 
tral and  eastern  portions  of  the  county.  On  the  plains  surface  lying 
between  these  valleys  the  water-bearing  stratum  is  covered  with  loess 
to  depths  of  from  50  to  80  feet.  In  the  valley  of  Platte  River  the 
principal  water  supplies  are  in  the  allu-  ,^ 

vial  gravels  and   sands  at  depths- less    '"^•* g„_.^._._ 

than  25  feet.  ,«, iKi^W 

In  the  greater  part  of  the  plains  area 
the  water-bearing  beds  lie  from  60  to  90    """'' 
feet  below  ground.     In  a  few  small  areas    '^'"'^'°"  "^ "" 

about  Aurora   and   northwestward   the    "•■•■"■' 

water  level  lies  deeper  than  100  feet,  but,    "•'"■'•""  ■•■'  ■ 
80  far  as  ascertained,  good  supplies  are    "[^"^11,^1^^: 
always  obtainable  within  125  feet  of  the    <■■-«<""'. -i"" 
surface,  the  water  usually  risingto  within    ''"'  *~''*™'^''^„^^^' "  ''^' 
100  to   110  feet  of  the  surface  of  the  "^''      "  ™" 

ground.  At  Aurora  the  principal  wells  have  a  depth  of  110  to  125 
feet,  with  the  water  level  100  feet  below  ground.  About  Bromfield 
(Giltuer  post-offlce)  the  wells  average  from  75  to  95  feet  in  depth  and 
generally  contain  from  6  to  15  feet  of  water.  About  Phillips  the  water 
level  averages  about  90  feet  below  ground.  At  Marquette  the  wells 
vary  in  depth  from  100  to  130  feet.  The  town  well  is  130  feet  deep, 
and  the  water  rises  to  within  97  feet  of  the  surface  of  the  ground.  In 
Another  well,  105  feet  deep,  the  water  level  stands  within  99  feet  of  the 
surface.  At  Hampton  wells  average  from  85  to  105  feet  in  depth,  with 
the  water  level  at  about  80  feet  below  ground.  In  the  valley  of  Platte 
River  the  water  level  lies  from  5  to  8  feet  below  ground  in  the  vicinity 
of  the  river  and  for  a  mile  and  a  half  westward,  beyond  which  for  a 
wide  area  the  water  level  seldom  exceetls  a  depth  of  15  or  20  feet 
below  ground.  In  the  depressions  along  the  branches  of  Bhie  River 
which  traverse  the  central  and  eastern  portions  of  this  county  there 
are  usually  excellent  water  snpplies  to  be  had  within  30  or  40  feet 
of  the  surface,  and  there  is  considerable  running  water  in  the  stream, 
derived  partly  from  the  outcrops  of  water-bearing  beds  which  fur- 
dIhIi  supplies  of  water  for  the  moderately  deep  wells  on  the  higher 
lands. 


36      UNDEKGROUND    WATERS   OP   SOUTHEASTERN   NEBRASKA,    [wo.  12. 

CLAY  COUNTY. 

This  county  lies  altogether  on  the  high  plains,  and  wide  areas  of  its 
surface  have  only  a  gentle,  uniform  slope  toward  the  east.  In  the 
northern  portion  of  the  county  there  are  broad  troughs  cut  by  branches 
of  the  South  Branch  of  Blue  River,  and  the  southwestern  comer  of  the 
county  is  crossed  by  the  valley  of  Little  Blue  River.  The  relations 
of  the  underground  waters  are  very  simple,  the  water-bearing  stratum 
consisting  of  gravels  and  sand  lying  beneath  the  loess  and  dipping 
gently  eastward  at  a  rate  very  little  less  than  the  slope  of  the  plains 
surface.  The  water  level  is  about  60  or  70  feet  below  ground  over 
wide  areas,  and  it  is  rarely  necessary  to  sink  a  well  to  a  depth  of 
more  than  120  feet  to  obtain  an  abundant  supply.  A  large  number 
of  wells  have  a  depth  slightly  less  than  100  feet  and  contain  from  10 
to  15  feet  of  water.  In  the  vicinity  of  Inland  and  Trumbull  there  are 
a  few  wells  in  which  the  waters  lie  a  little  deeper  than  100  feet. 

In  the  depressions  of  Little  Blue  and  the  branches  of  Big  Blue 
rivers,  waters  are  obtainable  at  depths  of  20  to  40  feet  in  greater  part. 
At  Fairfield  the  wells  vary  from  80  to  100  feet  in  depth  and  contain 
large  supplies  of  water,  which  rises  about  10  feet  above  the  bottom. 

At  Harvard  the  wells  are  generally  slightly  less  than  100  feet  deep, 
but  a  few  have  gone  somewhat  deeper  to  obtain  larger  volumes  of 
water.  At  Clay  Center  the  wells  average  100  feet  in  depth,  with 
the  water  level  at  about  85  feet  below  ground;  at  Inland,  120  feet, 
with  the  water  level  110  feet;  at  Trumbull,  115  to  120  feet,  with  the 
water  level  110  feet;  at  Glenville,  103  feet,  with  the  water  level  97  feet; 
at  Saronville,  80  feet,  with  the  water  level  65  feet;  at  Sutton,  140  feet, 
with  the  water  level  80  feet.  At  Deweese  the  wells  average  from 
40  to  50  feet  in  depth  and  contain  from  10  to  15  feet  of  water.  At 
Edgar  the  wells  are  88  feet  deep,  with  8  feet  of  water.  •  At  Ong  the 
wells  averaskge  80  feet  deep,  with  from  1  to  3  feet  of  water. 

HALL  COUNTY. 

The  greater  part  of  this  county  lies  in  the  valley  of  Platte  River. 
In  its  southwestern  comer  there  is  a  level  area  of  plains  country  60 
to  80  feet  higher,  and  in  the  northwestern  comer  an  area  of  plains 
ridges  and  sand  dunes,  with  the  valley  of  the  South  Fork  of  Loup 
River  beyond. 

In  the  wide  valley  of  Platte  River  the  relations  of  the  underground 
waters  are  very  uniform.  The  supplies  are  large  and  the  depth  to  the 
water  surface  is  very  slight.  In  the  immediate  vicinity  of  the  river 
there  is  a  narrow  belt  of  country  in  which  the  water  level  is  less  than 
10  feet  below  ground.  About  Grand  Island  and  westward  it  lies 
from  15  to  20  feet  deep  in  greater  part,  but  in  some  of  the  lower  areas 
it  is  nearer  the  surface  of  the  ground.  In  the  plains  region  about 
Poniphan  and  southwestward  the  waters  lie  between  60  and  100  feet 
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below  ground,  the  depth  increasing  somewhat  in  the  higher  land  west 
of  Hansen.  The  tnbular  wells  in  this  vicinity  are  usually  sunk  to  a 
depth  of  130  feet,  but  have  the  same  water  level  as  the  shallower  bor- 
ings. In  the  higher  ridges  southwest  of  Cairo  the  wells  ordinarily 
obtain  satisfactory  water  supplies,  but  have  to  be  sunk  to  a  depth  of 
120  to  140  feet.  At  the  waterworks  in  Grand  Island  there  are  thirty- 
six  2-inch  driven  wells,  54  feet  deep,  in  which  water  rises  to  \^ithin 
16  feet  of  the  surface  of  the  ground.  There  are  pumped  from  these 
wells  1,000,000  gallons  i)er  day.  Moderate  supplies  of  water  are  found 
within  20  teet  of  the  surface,  but  it  was  necessarj^  to  go  considerably 
deeper  to  obtain  the  town  supply. 

About  Abbott  the  wells  are  from  25  to  40  feet  deep,  with  the  water 
level  at  about  18  feet  below  ground.  At  Cairo  the  wells  on  the 
higher  land  are  60  feet  deep  and  contain  35  feet  of  water. 

In  the  Loup  Valley  the  conditions  are  similar  to  those  in  the  Platte 
Valley  eastward. 

ADAMS  COUNTY. 

• 

The  underflow  from  Platte  River  passes  southeastward  under 
Adams  County  through  sands  and  gravels  which  present  everywhere 
relatively  uniform  relations.  The  waters  are  more  or  less  free  to 
escape  into  the  valley  of  Little  Blue  River,  which  quite  deeply 
trenches  the  plains  region  in  the  southern  portion  of  this  county. 
The  depth  to  the  waters  varies  closely  in  relation  to  the  altitude  of 
the  land,  making  due  allowance,  however,  for  the  uniform  slope  of 
both  the  land  and  the  water-l)earing  beds  to  the  east  and  southeast. 

In  the  higher  portion  of  the  plains  separating  the  valley  of  Platte 
River  from  that  of  Little  Blue  River  the  water  level  lies  between  100 
and  125  feet  beneath  the  surface  over  considerable  areas,  as  shown 
in  PI.  XVII.  On  the  less  elevated  areas  adjacent,  the  depths  are  con- 
siderably less — usually  from  60  to  80  feet;  while  in  the  valley  of  Platte 
River,  in  the  extreme  northwestern  comer  of  the  county,  and  in  the 
depressions  of  Little  Blue  River  and  its  branches  to  the  south,  the 
waters  are  very  near  the  surface  of  the  ground.  At  Hastings  a  large 
supply  of  water  for  city  use  is  obtained  from  seven  wells  sunk  to  a 
depth  averaging  140  feet  and  containing  about  20  feet  of  water.  An 
attempt  was  made  to  obtain  water  from  a  deeper  source  (300  feet),  but 
the  120-foot  horizon  was  found  to  be  the  most  serviceable. 

Some  years  ago  a  deep  boring  was  made  at  Hastings  for  oil  or  gas, 
which  has  thrown  some  light  on  the  deeper  underground  geology  of 
the  region.  A  record  published  by  W.  W.  Follett^  is  here  reproduced 
in  graphic  form  in  fig.  10  (p.  38). 

From  another  authority  it  was  learned  that  the  total  depth  was 
1,346^  feet,  the  lower  370  feet  being  report-ed  as  **  soft  shale  limestone, 


*  Report  on  Irrigation,  5Sd  Cong.,  Ist  aeas.,  Senate,  Ex.  Doc.  41,  Part  II,  Washington,  iHft), 
PI.  XXV. 
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Band,  and  grarel,  with  seashellB  at  1,300  feet."  Hard  limestone  1^ 
feet  thick  was  reported 
at  776  to  776  feet,  soft 
limestone  and  shale  from 
776  to  801^  feet,  and  light 
shale  and  lime  rock  from 
930i  to  976i  feet.  The 
shale  was  stated  to  be 
hard  from  250  to  500  feet 
and  soft  from  500  to  775 
feet. 

At  Juniata  weUs  are  of 
somewhat  variable  depth, 
bat  they  avenge  slightly 
lees  than  100  feet  and 
contain  abont  10  feet  of 
water.  At  Eenesaw,  wells 
from  90  to  115  feet  deep 
have  their  water  level 
at  about  80  feet  below 
ground.  At  Prosser  the 
town  well  has  a  depth  of 
115  feet,  with  the  water 
level  112  feet  below 
ground,  slightly  deeper 
than  in  the  adjoining  re- 
gion to  the  north.  At 
Hansen  the  water  level 
lies  about  70  feet  deep. 
At  Roseland  the  wells 
average  from  80  to  105 
feet  in  depth,  with  the 
water  level  about  80  feet 
below  ground.  At  Hol- 
stein  the  wells  are  130  feet 
deep,  and  contain  25  feet 
of  water.  At  Pauline 
wells  vary  from  85  to  105 
feet,  with  the  water  level 
at  from  80  to  90  feet,  de- 
pending upon  the  prox- 
imity to  Little  Blue  River. 
At  Ayr  a  fairly  satisfac- 
tory supply  of  water  is 
'  found  at  a  depth  of  30 
feet,  which  rises  but  little 
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above  the  bottom  of  the  boring,  and  the  supply  varies  with  the  weather. 
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I>»kote  oatcrops.               Carboniferon  mitrr«|«i. 

Niobrara  outcropd 

Carbonif*Tma,  He.,  onder  tlrift. 

MAP  SHOWINQ  CONTOUR  AND  RELATIONS  OF  SURFACE  OF  DAKOTA  SANDSTONE  IN  THE 

VICINITY  OF  LINCOLN,   NEBRASKA. 

The  heavy  black  lines  indicate  altitudes  above  sea  level  of  the  surtaco  of  the  Dakota  sandstone.  The  broken  Imes 
indicate  depressions  cut  in  this  surface  smce  the  Glacial  penod,  the  dotted  lines  showing  the  original  configuration. 
The  arrows  point  to  the  direction  of  slope.     Present  drainage  shown  by  broken-and-dotted  I'nes. 
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BUFFALO   COUNTY. 

Buffalo  County  comprises  portions  of  the  Platte  and  Wood  River 
and  South  Fork  of  Loup  River  valleys,  with  wide  areas  of  intervening 
high  plains.  The  depths  of  the  underground  waters  are  closely  related 
to  the  altitude  of  the  land  above  Platte  River,  the  water-bearing 
strata  sloping  eastward  at  about  the  same  degree  of  inclination  as  the 
slope  of  the  general  surface.  As  the  valley  of  South  Fork  of  Loup 
River  is  somewhat  lower  than  the 
bed  of  Platte  River,  and  there 
are  beds  of  permeable  material 
extending  under  the  high  plains 
from  one  to  the  other,  there  is  a 
sheet  of  water  under  Buffalo 
County  which  is  probably  mov- 
ing toward  the  northeast.  This 
sheet  of  water  furnishes  a  large 
volume  to  many  wells  in  all  parts 
of  the  county.  Immediately 
along  Platte  River  the  wells  are 
very  shallow,  the  water  rising  to 
within  from  5  to  9  feet  of  the 
surface  of  the  ground.  This  area 
of  shallow  wells  widens  consider- 
ably in  the  vicinity  of  Gibbon, 
and  extends  for  some  miles,  nearly 
to  the  Union  Pacific  Railroad. 
At  Gibbon  the  water  level  is 
within  10  feet  of  the  surface  and 
furnishes  large  supplies  to  wells 
from  25  to  35  feet  in  depth. 

Next  north  of  this  zone  and 
occupying  the  remainder  of  the 
wide  valley  of  Platte  River,  with 
an  extension  up  the  valley  of 
Wood  River,  there  is  a  wide  area 
in  which  the  water  surface  lies 
between  15  and  40  feet  below 
ground,  and  similar  conditions 
exist  along  the  valley  of  the  South  Fork  of  Loup  River.  At  Kear- 
ney the  principal  supplies  of  water  are  obtained  20  feet  below  ground 
in  wells  from  25  to  35  feet  deep  in  greater  part,  the  depth  increasing 
somewhat  and  the  altitude  of  the  water  surface  decreasing  notably 
from  south  to  norih  across  the  city. 

At  Odessa  wells  are  20  feet  deep;  at  Elm  Creek  14  feet.  At 
Riverdale,  in  Wood  River  Valley,  wells  102  feet  deep  contain  77  feet 
of  water,  but  other  shallower  wells  in  the  vicinity  have  water  at  the 


Fio.  11.— Map  showing  location  of  gage  wells  at 
Kearney,  Nebraska. 
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same  level.  At  Amherst  the  water  level  is  25  feet  below  ground. 
At  Watertown  the  wells  are  85  feet  deep.  At  Miller  the  town  wells 
are  73^  feet  deep  and  contain  40  feet  of  water.  At  Sartoria  wells  are 
22  feet  deep  and  contain  12  feet  of  water.  At  Pleasanton  they  are  15 
feet  deep.  At  Ravenna  it  is  found  necessary  to  go  to  a  depth  of  60 
feet  for  a  good  flow,  but  the  water  rises  to  within  20  feet  of  the  sur- 
face. Surface  wat.ers  of  relatively  poor  quality  are  found  at  a  depth 
of  30  feet,  which  rise  to  the  same  level. 

Over  the  greater  part  of  the  ridge  south  of  the  South  Fork  of 
the  Loup  River  the  water  surface  is  generally  from  100  to  160  feet 
below  ground  toward  the  valleys.  Along  the  central  ridge  north  of 
Amherst  is  a  tract  in  which  it  is  found  necessary  to  go  somewhat 
deeper,  the  wells  having  a  depth  of  170  to  250  feet,  with  the  water 
level  about  150  feet  below  ground.  In  the  ridge  extending  north- 
west of  Kearney  between  the  Platte  Valley  and  the  valley  of  Wood 
River  the  conditions  are  similar  to  those  in  the  land  north  of  Wood 
River,  and  they  are  the  same  along  the  northern  edge  of  the  county, 
north  of  the  South  Fork  of  Loup  River. 
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Fio.  12.— Profile  of  line  of  wells  aloiif;  Central  avenue,  Kearney,  Nebraska. 

GAGE  WELLS  AT  KEARNEY. 

A  series  of  wells  were  sunk  under  the  direction  of  Prof.  O.  V.  P. 
Stout  during  the  spring  of  1896.  These  were  located  in  a  nearly  north- 
south  line,  at  distances  of  about  one-half  mile  from  each  other.  The 
first,  or  No.  1,  is  in  the  sand  hills  2^  miles  south  of  the  bridge  across 
Platte  River  at  Kearney,  on  the  main  road.  Nos.  2,  3,  and  4  are  suc- 
cessively one-half  mile  apart  north  from  No.  1.  No.  5  is  on  the  south 
bank  of  the  river.  There  is  also  near  this  a  gage  rod,  marked  in  the 
table  "S.  R.,"  this  being  the  southerly  gage,  showing  the  height 
of  open  water.  About  the  middle  of  the  bridge  is  a  well,  known  as 
"  5a,"  sunk  in  the  low  island,  submerged  at  high  water.  At  the  north 
end  of  the  bridge  is  the  gage  rod  marked  in  the  table  "N.  R.,"  about 
one-half  mile  from  well  No.  6,  on  the  north  side  of  the  river.  This 
well  was  tampered  with  and  subsequently  replaced,  readings  being 
begun  on  August  17.     The  remaining;  wells,  Nos.  7,  8,  9,  and  10,  are 


DARTON.] 


WELLS   NEAR   KEARNEY. 


41 


on  Central  avenue  in  Kearney,  Nos.  9  and  10  being  a  short  distance 
north  of  Midway  Hotel.  The  elevations  of  the  tops  of  the  well  casings, 
as  determined  by  careful  leveling,  and  of  the  zeros  of  the  two  rods, 
are  given  in  the  following  list,  referred  to  the  Union  Pacific  datum: 

Elevation  of  top  of  well  casing ;  wells  near  Kearney. 


Well. 

Elevation. 

Well. 

Elevation. 

No.l 

No.2 

No.3 

No.4 

No.5 

No.S.R---- 
No.5a 

Feet 
2,157 
2, 148. 96 
2,145.97 
2,143.01 
2,141.88 
2, 137. 57 
2, 139. 99 

No.N.  R.--- 

No.6. 

No.7 

No.8 

No.9 

No.  10 

F^et 
2, 137. 49 
2,139.50 
2,142.66 
2, 146. 31 
2,149.82 
2,154.85 

The  following  table  gives  the  reading  of  distance  of  the  water  sur- 
face below  the  top  of  the  well  casing: 

Distance  of  water  surface  below  top  of  well  casing;  wells  near  Kearney. 


Date. 

Day. 

1. 

9. 

9.90 

3. 

4. 

A. 

2.90 

S.R. 

5a. 

N.R. 

6. 

7. 

M. 

9. 

lO. 

April.. 

19 

7.00 

3.30 

1.30 

6.70 

11.50 

17.70 

23.10 

3 

9.i0 
9.10 

6.40 
6,10 

3.80 
3.10 

3.00 
2.90 

6.20 
6.50 

11.00 
11.40 

17.10 
17. 6r) 

22.70 

May-- 

2:1.10 

10 

18 

SS 

1 

8 

18 

23 

30 

9 

16 

12 

16.60 
10.04 
10.26 
16.50 
16.56 
16.43 
16.40 
16.80 
15.30 

9.40 
9.26 
9.45 
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KEARNEY  COUNTY. 

Kearney  County  extends  from  Platte  River  far  southward  across 
the  divide  between  the  Platte  and  Republican  rivers.  The  greater 
part  of  its  area  is  high,  level  plains,  terminated  northward  by  the 
Platte  Valley  along  a  zone  bordered  by  sand  hills.  Little  Blue  River 
heads  in  the  eastern  part  of  the  county  and  has  cut  a  moderately 
deep  vaDey  north  of  Norman.  The  underground  waters  lie  in  a  sheet 
of  gravels  and  sand  which  slopes  gently  to  the  east  and  southeast. 
Under  the  higher  land  in  the  central  and  southwestern  portion  of 
the  county  they  lie  from  100  to  155  feet  below  ground.  To  the 
north  and  east  the  depth  diminishes  gradually,  and  in  the  lower 
lands  along  Platte  Valley  they  are  only  a  few  feet  below  ground. 
At  Minden  the  water  level  is  80  feet  below  ground,  but  ordinarily 
wells  are  sunk  40  or  50  feet  into  the  water-bearing  beds. 

As  the  land  rises  to  the  southeast  the  underground  waters  lie  deeper, 
but  as  the  water-bearing  horizon  also  rises  gradually  to  the  west  the 
increase  in  depth  does  not  correspond  precisely  with  the  increased 
altitude  of  the  land.  At  Keene  the  water  level  is  about  105  feet 
below  ground,  and  wells  are  sunk  to  a  depth  of  120  to  160  feet. 
North  of  Wilcox  the  water  level  varies  from  110  to  136  feet  in  a  rather 
irregular  manner;  and  to  the  south,  as  the  land  rises  rapidly  in  the 
southwestern  corner  of  the  county,  the  water  level  is  found  to  be  con- 
siderably over  150  feet  below  ground.  At  Axtel  the  water  level 
closely  approximates  100  feet  below  ground,  being  a  little  less  to 
the  north  and  a  little  more  to  the  south.  At  Norman  the  town 
wells  have  a  depth  of  100  to  125  feet,  with  the  water  level  at  about  95 
feet  below  ground.  About  Hartwell  the  water  level  is  about  65 
feet  deep,  but  is  somewhat  deeper  than  this  in  the  village.  Along 
the  belt  of  sand  hills  the  waters  are  obtained  at  various  depths,  but 
often  fair  supplies  are  yielded  by  moderately  shallow  wells.  On  the 
lower  lands  in  the  Platte  Valley  the  waters  are  rarely  over  45  feet 
below  ground,  the  depth  gradually  decreasing  toward  the  river. 
About  Lowell  the  water  surface  is  from  6  to  9  feet  below  ground;  at 
Newark  it  averages  about  8  feet,  but  wells  ordinarily  are  sunk  8  or 
10  feet  into  the  water-bearing  beds. 

PHELPS  COUNTY. 

The  configuration  and  relations  in  Phelps  County  are  similar  to 
those  of  Kearney  County,  but  the  flat-topped  divide  between  the 
Platte  and  Republican  valleys  is  a  somewhat  more  elevated  ridge. 
Along  the  southern  margin  of  the  county  the  land  slopes  toward 
Republican  River,  and  in  the  southwestern  corner  of  the  county, 
which  was  not  investigated  as  to  its  water  resources,  there  are  deep 
canyons  which  contain  head  waters  of  small  lateral  branches  of 
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Republican  River.  The  underground  waters  lie  in  a  sheet  of  gravel 
and  sand,  which  dips  southeastward,  but  presents  some  local  varia- 
tions in  the  regularity  of  its  inclination.  The  dip  of  the  beds  to  the 
southeast  is  slightly  less  than  the  upward  slope  of  the  land  south- 
westward,  so  that  to  the  north  and  east  the  waters  lie  at  a  less  depth 
than  they  do  farther  west.  In  the  highest  area  of  the  plains,  south- 
west of  Holdrege,  the  water  level  lies  over  200  feet  below  ground. 
The  depth  decreases  regularly  northeastward  to  the  edge  of  the  plains 
south  of  the  valley  of  Platte  River.  In  the  valley  of  Platte  River 
there  is  a  narrow  strip  of  land  along  the  river  in  which  the  water 
level  is  less  than  10  feet  below  ground,  but  southward,  through  the 
belt  of  sand  hills  to  the  edge  of  the  valley,  the  waters  lie  mainly 
within  25  feet  of  the  surface  of  the  ground. 

At  Holdrege  the  city  wells  have  a  depth  of  200  feet  and  contain  60 
feet  of  water.  The  water  level  in  the  vicinity  is  very  uniformly  at 
140  to  160  feet  below  ground.  At  Atlanta  it  is  180  feet  below  ground; 
about  Sacramento  it  varies  from  120  to  140  feet;  at  Funk  it  is  125 
feet;  at  Axtel,  100  feet;  and  at  Loomis,  180  to  190  feet. 

DAWSON  COUNTY. 

The  underground  waters  of  Dawson  County  present  a  wide  range 
of  variation  in  their  depths,  from  very  near  the  surface  in  the  imme- 
diate vicinity  of  Platte  River  to  over  300  feet  in  the  high  lands  in  the 
northwestern  jwrtion  of  the  county. 

The  water  level  corresponds  quite  closely  in  altitude  with  the  bed 
of  Platte  River  and  has  a  similar  gentle  inclination  to  the  east  and 
southeast.  The  exceptional  depth  of  the  waters  in  the  northern  por- 
tion of  the  county  is  therefore  mainly  due  to  the  altitude  of  the  land 
above  the  river,  but  it  is  in  some  measure  increased  by  a  diminished 
quantity  of  water  in  the  upper  beds  of  the  water-bearing  series.  The 
zone  in  which  the  water  surface  is  less  than  10  feet  below  ground  is 
narrow  along  the  south  side  of  Platte  River,  but  extends  to  and 
beyond  the  Union  Pacific  Railroad  at  some  i)oints  east  of  Lexington, 
and  it  is  unusually  wide  in  the  vicinity  of  Cozad.  In  Cozad  an  excel- 
lent supply  of  water  is  obtainable  at  depths  of  6  to  8  feet  below 
ground  in  wells  from  20  to  30  feet  deep.  About  Lexington  the  water 
surface  is  from  21  to  22  feet  below  ground,  and  wells  average  from 
25  to  35  feet  in  depth.  Similar  conditions  prevail  over  a  wide 
belt  (extending  northward  to  the  base  of  the  slopes  which  rise  to  the 
table-land  lying  between  the  valleys  of  Platte  and  the  South  Fork 
of  Loup  rivers,  the  depths  gradually  increasing  as  the  land  gains  in 
latitude. 

North  from  Cozad,  where  the  bottom  of  the  valley  has  a  relatively 
rapid  rise,  there  is  a  considerable  area  within  the  valley  where  the 
water  surface  is  over  50  feet  below  ground  and  wells  are  between 
100  and  120  feet  deep.     In  the  high  ground  lying  between  the  valleys 
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of  Platte  and  Wood  rivers,  and  again  on  the  north  side  of  the  valley 
of  Wood  River,  the  waters  lie  at  a  depth  below  ground  in  propor- 
tion to  the  increasing  height  of  the  land.  Eastward  in  this  region 
there  are  wells  which  obtain  water  supplies  within  200  feet  of  the 
surface  of  the  ground,  but  westward  the  water  surface  rises  less  rap- 
idly than  the  land  surface,  and  it  is  necessary  to  go  considerably 
deeper  for  water  supplies.  In  this  portion  of  the  county  the  greater 
number  of  wells  are  sunk  in  depressions,  to  avoid  the  necessity  for 
sinking  them  to  the  depth  necessary  on  the  higher  ridges.  Wells  on 
the  higher  lands  are  over  300  feet  deep. 

In  the  valley  of  Wood  River  the  water  surface  lies  from  25  to  35 
feet  below  ground  in  greater  part,  and  yields  satisfactory  supplies 
to  many  wells  of  moderate  depth.  At  Sumner  the  principal  sup- 
plies are  obtained  from  wells  93  feet  deep,  in  which  the  water  surface 
is  25  feet  below  ground. 

In  the  south-central  portion  of  Dawson  County  there  are  abundant 
water  supplies  at  moderate  depth  in  the  vjUey  of  Platte  River, 
obtained  in  wells  from  25  to  30  feet  deep  near  the  river  and  from  35 
to  45  feet  deep  back  toward  the  foot  of  the  upland.  Southward,  on 
the  top  of  the  table-land,  the  water  surface  lies  from  220  to  250  feet 
below  ground  in  greater  part,  but  there  are  a  few  local  exceptions. 
The  wells  are  mainly  tubular  and  have  depths  of  222  to  285  feet. 

NORTHERN  GOSPER  COUNTY. 

The  greater  part  of  this  region  is  an  elevated  plain,  invaded  from 
the  south  by  many  canyons  at  the  heads  of  branches  of  the  Repub- 
lican River,  and  traversed  northward  by  the  wide,  deep  valley  of 
Plum  Creek.  Its  northeastern  corner  extends  to  Platte  River  and 
covers  a  small  area  along  the  south  side  of  the  valley  of  Platte  River. 
The  underground  waters  lie  at  approximately  the  same  altitude  as  the 
bed  of  Platte  River,  with  a  gentle  general  slope  to  the  east  and  south- 
east. The  waters  are  in  a  great  sheet  which  is  probably  flowing  very 
slowly  to  the  east,  and  in  some  measure  to  the  south  into  the  deep 
valley  of  Republican  River.  The  depth  to  the  water  surface  is  closely 
related  to  the  altitude  of  the  land  above  Platte  River. 

Along  the  central  area  of  plains  constituting  the  divide  between 
Plum  Creek  and  waters  draining  into  the  Republican  River  the  water 
surface  lies  from  180  to  280  feet  below  ground,  the  increase  being  quite 
regular  to  the  west.  About  Smithfleld  wells  have  a  depth  of  240  feet 
and  contain  18  feet  of  water;  at  El  wood  the  depth  is  320  feet  and  the 
wells  contain  20  feet  of  water.  On  the  high  lands  between  Plum 
Creek  and  the  Platte  Valley  the  water  surface  lies  160  feet  below 
ground  north  of  Smithfield,  and  between  200  and  220  feet  north  of 
Elwood  and  in  the  extreme  northwestern  comer  of  the  county.  Along 
Plum  Creek,  waters  are  usually  obtained  within  150  feet  of  the  surface 
in  the  western  part  of  the  county,  and  within  50  feet  of  the  surface  in 
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the  eastern  part  of  the  county,  the  rate  of  decrease  being  fairly  reg- 
ular as  the  valley  is  descended.  In  the  valley  of  Platte  River,  in 
the  northeastern  corner  of  the  county,  the  water  surface  lies  within 
6  feet  of  the  ground  surface  immediately  adjoining  the  river,  and 
within  from  20  to  30  feet  toward  the  foot  of  the  highlands. 

PROSPECTS   FOR   DEEPER-SEATED   WATERS. 

Although  a  number  of  deep  borings  have  been  made  in  the  central 
and  western  portions  of  the  area  to  which  this  report  pertains,  they 
appear  not  to  have  gone  to  a  depth  sufficient  to  reach  the  formations 
in  which  water  supplies  might  be  expected.  A  boring  at  Kearney 
attained  a  depth  stated  to  be  2,460  feet,  where  it  was  discontinued,  far 
down  in  the  Pierre  shale.  One  at  Hastings  reached  a  depth  of  1,145 
feet;  one  at  Dannebrog  a  depth  of  1,000  feet;  one  at  York,  590  feet; 
and  one  at  Seward  was  bored  to  a  depth  of  610  feet.  At  the  latter 
place  the  Dakota  sandstone  appears  to  have  been  penetrated,  but  it 
did  not  yield  a  flow.  In  the  other  borings  this  formation  was  not 
reached.  • 

In  South  Dakota  the  Dakota  sandstone  carries  a  very  large  volume 
of  excellent  water  under  high  pressure  which  is  available  over  a  wide 
area  in  the  eastern  part  of  the  State  and  in  the  depressions  of  the 
Missouri  and  confluent  valleys.  This  water  passes  into  the  formations 
along  the  foothills  of  the  Black  Hills  and  the  Rocky  Mountains  at 
altitudes  of  from  3,000  to  5,000  feet,  and  has  a  great  pressure  and  high 
head  in  the  eastern  part  of  South  Dakota.  This  pressure  and  head 
diminishes  gradually  toward  the  southeast,  and  finally  in  the  extreme 
corner  of  the  State  flowing  water  can  not  be  obtained.  This  is  due 
to  the  fact  that  the  formation  reaches  the  surface  along  Big  Sioux 
River  and  the  Missouri  River  below  Vermilion,  so  that  the  watere 
are  free  to  escape  and  thus  lose  their  volume  and  pressure.  Precisely 
the  same  conditions  are  found  in  the  northeastern  corner  of  Nebraska, 
and  it  is  reasonable  to  believe  that  they  may  be  found  to  be  essen- 
tially the  same  over  a  wide  area  in  central  Nebraska,  especially  on 
the  lower  plains  and  along  such  valleys  as  the  Platte,  where  the  land 
is  not  elevated  much  higher  than  in  the  eastern  part  of  South  Dakota. 

The  Dakota  sandstones  outcrop  in  Lancaster  and  adjoining  coun- 
ties, where  they  are  free  to  lose  their  water,  and  this  is  also  the  case 
with  the  upper  members  of  the  Carboniferous  formations  which  out- 
crop extensively  in  the  counties  east  and  southeast  of  Lancaster. 
In  this  area  the  Dakota  sandstone  is  seen  to  be  full  of  water  in  hun- 
dreds of  wells  which  have  been  sunk  in  it,  and  from  its  outcrops  flow 
innumerable  springs,  which  do  much  toward  filling  the  small  streams 
of  Lancaster  County.  These  waters  are  in  all  probability  largely 
derived  from  an  intake  zone  along  the  western  outcrops,  and  it  is 
believed  that  much  of  the  water  passes  under  the  entire  length  of  the 
State  of  Nebraska,  as  shown  in  PL  IV,  to  the  wells  and  springs  which 
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extend  along  a  zone  of  outcrop  of  Dakota  sandstone  in  Lancaster, 
Gage,  Saunders,  Dodge,  Burt,  Thurston,  and  Dakota  counties.  A 
tj'pical  spring  iu  this  belt  is  shown  in  PI.  XIX.  Of  coarse  these 
waters  have  but  very  slight  head  in  Lancaster  County,  but  they  nearly 
all  rise  at  least  a  few  feet  in  the  wells  which  are  sunk  to  them.  West- 
ward, however,  away  from  the  zone  of  leakage,  we  should  expect  the 
pressure  to  gradually  increase,  as  it  does  to  the  north  and  west  in 
South  Dakota.  Whether  the  increase  would  be  at  a  sufiBciently  rapid 
rate  to  give  flows  at  the  surface  in  the  central  and  western  portion  of 
the  area  to  which  this  report  relates  can  not  be  predicted  from  our 
present  means  of  calculation. 

In  the  following  diagram  I  have  introduced  a  sketch  of  a  piece  of 
physical  apparatus  which  illustrates  the  increase  of  head  away  from 
the  leak  toward  the  source  of  pressure,  representing  closely  the  rela- 
tions which  appear  in  the  South  Dakota  artesian  basin,  and  probably 
in  a  measure  also  those  of  central  and  eastern  Nebraska.  It  will  be 
seen  that  the  gradient  is  a  relatively  rapid  one,  but  we  muat  bear  in 


minS  that  the  distance  from  eastern  Nebraska  to  the  Rocky  Mountains 
is  very  great  and  much  of  the  intervening  land  slopes  up  to  a  fairly 
high  altitude.  There  is  another  condition  which  may  be  adverse. 
The  Dakota  sandstone  is  exceedingly  variable  in  physical  character. 
In  Lancaster  County  and  iu  the  belt  extending  northward  to  the 
Missouri  River  at  Dakota  City  the  sandstone  is  porous,  clay  is  not 
predominant,  and  the  conditions  are  favorable  for  the  transmission 
of  large  water  supplies.  It  may  be  that  westward  the  formation 
becomes  finer  grained  over  a  greater  or  less  area  in  such  manner  as 
to  choke  out  water.  Of  this,  however,  there  is  no  definite  evidence. 
In  the  outcrops  in  Jefferson  County  there  is  considerable  clay  admix- 
ture, but  many  of  the  beds  are  sufficiently  porous  to  carry  the  water. 
The  outcrops  are  found  far  westward  in  Kansas,  not  far  south  of  the 
Nebraska  boundary,  and  they  appear  to  be  coarse  and  suitable  for 
bearing  water. 

In  the  next  underlying  formation,  the  Oarbonifeions  limestones, 
flowing  water  has  been  obtained  in  considerable  volume  in  the  wells  at 
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oln,  but  it  U  SO  salty  that  the  wells  are  more  likely  to  prove 
ul  as  sources  of  salt  snp-  r_L 

than  for  anything  else.    SSiiit:::::: :::::: ::::::::::: 
. probable,  however,  that    t!^^iaii'ZZV"Z'.'.'.Z 

saline  water  is  of  rela-    '•^•^t^^ 

ly  local   occTirrenee,   oc-     ci.,.jjk~»j*"k- 

nngabasinnndereastern     ^^^^,'^^ 

raska,  and  that  farther    gU.'^^Clf.!!!!:::;::::;;;: ;  * 

iward  the  waters  in  the    ^''!I^"','|T' 

Tonif eroQS  formation  may 

erfectly  fresh,  or  at  least    »"«."^ 

slightly  mineralized.  It 
Id  hardly  be  safe  to  offer 

as  a  prediction,  bnt  it    sk^.»t«*. 

orth  bearing  in  mind  as 

possibility.  At  Omaha, 
hward  in  Dakota,  and 
ward  in  Iowa  excellent 
)rs  are  obtained  from 
raniferons  limestone.  It 
erefore  desirable  to  point  ■•^**^"^' ■""•"■"■ 
the  advisability  of  sink- 
ieep  wells  in  the  region 
',  of  Seward  and  Saline 

ities  to  test,  in  the  first    sk^u^ „. 

e,  the  water  resonrces  of 

Dakota  sandstone,  and 
lese  are  inadeqnate,  to 

deeper  to  the  underlying 
lations.  The  depth  to 
tb  it  wonld  be  necessary 

0  can  not  be  definitely    g^^^^t^ 
olated  from  data  aoyr  on 
I.  At  Kearney  the  Pierre 
es  were  reported  to  ex* 

1  from  a  depth  of  71  feet  to 
3  feet,  the  bottom  of  the 
ng;  bat  it  is    believed 

the  top  of  the  Dakota 
latiou  was  not  far  below, 

^ward    the   thickness  of    »^."».-i^.  "•*■ 

aceous  shales  diminishes 
nally  as  the  Dakota  and 
jrlying  formations  rise 
id  the  siirface  and  the 

decreases  in    altitude.     ^^^  ^^^^ 
J  of  these  relations  »re     „^  u.-i,^^7'i~P  b«.,  ..  i»™.i™,. 

ler  illustrated  in  Cl.  IV.  SowtrA  OonatT,  Nebmki. 
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Owing  to  the  difficulty  of  sinking  a  boring  in  the  overlying  clays 
of  the  Cretaceous  formations,  expert  well  drilling  will  be  necessary, 
and  borings  should  be  very  large  at  the  top.  The  experiments  will  be 
expensive,  but  it  is  hoped  that  at  some  such  point  as  Grand  Island, 
Hastings,  Kearney,  or  North  Platte  an  attempt  will  eventually  be 
made  to  ascertain  the  resources  of  the  Dakota  sandstone  and,  if  nec- 
essary, the  underlying  formations. 

IRRIGATION  BY  UNDERGROUND  WATERS. 

At  many  points  in  this  region  the  underground  waters  l^ve  been 
employed  for  irrigation.  In  the  Beaver  Crossing  area  the  artesian 
flows  have  been  used,  but  elsewhere  the  supply  has  to  be  lifted  to  the 
surface  with  windmills.  In  greater  part  the  irrigated  areas  have  been 
only  a  very  few  acres  or  a  garden.  Under  most  of  the  region  there 
are  ample  supplies  of  water  for  extensive  irrigation,  but  with  wind- 
mill pumping  it  usually  has  not  been  found  practicable  to  irrigate 
properly  over  10  to  15  acres  from  one  mill.  When  the  waters  lie  over 
75  or  100  feet  below  ground  the  amount  available  is  less,  for  the 
efficiency  of  pumping  rapidly  decreases  beyond  a  moderate  depth. 
Very  few  irrigators  regard  artificial  watering  as  profitable  for  large 
field  crops  of  low  market  value,  but  for  small,  diversified  crops  for 
family  subsistence  and  local  sale,  and  some  special  crops,  such  as 
potatoes,  pump  irrigation  is  certain  to  be  appreciated  as  a  necessity 
in  dry  seasons  and  a  useful  adjunct  even  in  the  more  rainy  ones. 

In  traveling  over  the  area  to  which  this  report  relates  an  endeavor 
was  made  to  obtain  some  dat<a  in  regard  to  the  methods  and  results  of 
farm  well  irrigation  in  the  various  counties.  Information  was  also 
gathered  in  regard  to  irrigation  in  the  Beaver  Crossing  artesian  basin. 
The  results  of  these  inquiries  are  set  forth  in  the  following  pages. 

LANCASTER  COUNTY. 

In  this  county  there  is  considerable  irrigation  in  a  small  way,  mainly 
of  garden  areas.     Some  experiences  of  irrigators  are  as  follows: 

Mr.  H.  G.  Weber,  gardener,  west  of  Lincoln,  irrigates  garden  track, 
including  onions,  radishes,  lettuce,  spinach,  asparagus,  pieplant,  egg- 
plant, pepper,  cabbage,  tomatoes,  cucumbers,  celery,  and  other  vege- 
tables. His  well  is  60  feet  deep,  but  the  water  rises  to  within  26  feet 
of  the  surface.  The  pump  has  a  3-by-lO  cylinder.  The  reservoir  is  on 
the  highest  land  and  has  a  capacity  of  1,000  barrels.  In  a  good  wind 
the  pump  supplies  10  to  12  barrels  per  hour.  Mr.  Weber  states  that, 
although  his  plant  is  small,  the  results  have  been  very  satisfactory. 

Mr.  E.  H.  Cushman,  near  Lincoln,  states  that  he  has  been  irrigat- 
ing a  market  garden  for  two  years.  He  has  a  12-foot  aermotor  wind- 
mill, which  runs  a  pump  with  6-inch  cylinder  and  a  12-inch  stroke, 
raising  about  2  gallons  of  water  to  the  stroke.  The  well  is  about  32  feet 
deep,  with  approximately  14  feet  of  water,  in  large  supply.    The  reser- 
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voir  is  50  by  100  feet  and  4  feet  deep.  Can  irrigate  10  acres.  Has 
also  built  a  **  Jumbo"  mill  to  run  two  pumps  with  3-inch  cylinders, 
12-inch  stroke. 

Mr.  E.  E.  Smith,  near  Lincoln,  irrigates  5  acres,  mainly  of  garden 
truck.  He  has  a  well  25  feet  deep,  containing  12  feet  of  water.  His 
reservoir  is  50  feet  square.     Water  is  pumped  with  a  5-foot  aermotor. 

SEWARD  COUNTY. 

In  the  artesian  area  along  Blue  River,  in  the  vicinity  of  Beaver 
Crossing,  the  waters  have  been  used  by  a  number  of  farmers  for  irri- 
gation of  small  areas.  The  results  have  been  very  satisfactoiy,  and 
the  disposition  to  introduce  irrigation  in  this  area  is  growing  in  a 
most  encouraging  manner.  Only  a  few  facts  have  been  obtained  in 
regard  to  irrigation  planto  and  results. 

Mr.  J.  T.  Godding  has  a  well  which  is  105  feet  deep,  3  inches  in 
diameter,  and  yields  125  gallons  per  minute,  which  will  rise  to  25  feet 
above  the  surface.  He  irrigates,  with  good  results,  a  field  40  rods 
square,  which  is  flooded  directly  from  the  wells. 

M.  M.  Martson,  near  Beaver  Crossing,  irrigates  10  acres  with  arte- 
sian waters  in  dry  seasons.  He  has  a  3-inch  well,  100  feet  deep,  and 
the  water  rises  20  feet  above  ground.  The  reservoir  is  2  rods  wide 
by  40  rods  long  and  8  feet  deep. 

Messrs.  Homey  and  Evans  have  two  flowing  wells,  with  water  at 
depths  of  90  to  100  feet,  which  rises  15  feet  above  ground.  They 
are  3  inches  in  diameter  and  flow  100  gallons  each  per  minute.  In 
dry  seasons  they  irrigate  potatoes. 

Mr.  Thomas  Wilson,  near  Beaver  Crossing,  has  a  4-inch  flowing 
well,  126  feet  deep.  The  water  rises  5  feet  above  ground.  His  reser- 
voir is  40  by  60  feet.  Three  acres  of  potatoes  irrigated  in  1896  yielded 
twice  the  product  obtained  from  adjoining  fields  not  irrigated. 

Mr.  Thomas  Trilzman,  near  Beaver  Crossing,  irrigates  from  a  flow- 
ing well.  His  reservoir  is  100  by  50  feet  and  6  feet  deep.  His  corn 
yielded  85  bushels  and  prairie  grass  2  tons  per  acre.  Sugar  beets 
were  found'to  be  greatly  benefited  by  the  water. 

Mr.  F.  M.*  Dimery,  near  Beaver  Crossing,  has  nine  flowing  wells  on 
his  farm,  of  which  the  average  depth  is  100  feet.  Four  of  them  are 
3-inch  pipe,  and  flow  about  150  gallons  per  minute.  Two  of  the  wells 
have  been  used  for  irrigating  60  acres  of  land  direct  from  the  wells  in 
small  ditches  made  with  a  plow.  Mr.  Dimery  has  also  irrigated  a 
2-acre  garden  and  6  acres  of  meadow. 

On  the  Fountain  Head  Experimental  Farm,  near  Beaver  Crossing, 
Mr.  T.  C.  Ferguson  has  irrigated  extensively  by  artesian  waters. 

Mr.  J.  W.  Arasmith  has  wells  near  Beaver  Crossing,  and  a  half- 
acre  reservoir  with  4-foot  banks,  but  has  not  as  yet  irrigated. 

Mr.  M.  Powell  irrigates  a  small  area  of  bottom  land  from  his  flow- 
ing well. 

J»B  12 4 
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FILLMORE  COUNTY. 

Mr.  J.  H.  Little,  near  Fairmont,  has  irrigated  to  some  extent.  He 
has  two  bored  wells,  70  feet  deep.  His  pumps  are  8^  by  16  inch  cyl- 
inders, and  l^-inch  pipe  is  used.  A  12-foot  windmill  works  both 
pumps,  yielding  from  10  to  20  barrels  per  hour.  He  irrigates  5  acres 
of  orchard  in  the  autumn  and  winter,  and  estimates  that  the  yield 
was  about  doubled  by  irrigation.     His  reservoir  is  30  by  150  feet. 

YORK  COUNTY. 

Mr.  L.  D.  Stilson,  near  York,  is  irrigating  from  two  small  ponds. 
One  is  25  by  40  feet,  carrying  30  inches  of  water,  supplied  from  the 
overflow  of  house  well,  40  feet  deep,  pumped  by  windmill.  The 
overflow  is  used  for  lawn  and  shrubbery.  The  other  pond  is  40  by 
100  feet  and  contains  4  feet  of  water,  supplied  by  a  4-inch  pump  with 
windmill  from  a  well  40  feet  deep.  During  January  and  February 
he  pumped  water  directly  onto  a  little  more  than  an  acre  of  straw- 
berries, with  very  satisfactory  results.  He  is  planning  to  put  in  a 
third  pond,  75  by  200  feet,  pumping  the  water  75  feet,  to  supply 
apple,  peach,  and  cherry  orchards. 

Mr.  F.  E.  Porter,  at  McCool  Junction,  has  irrigated  from  a  pond  70 
feet  in  diameter,  5  feet  deep,  and  capacity  of  4,000  barrels.  He 
employs  a  12-foot  Eclipse  mill,  with  5-inch  cylinder,  which  pumps 
1,000  barrels  in  twenty-four  hours,  in  a  good,  steady  wind.  He 
employs  hose  of  10-ounce  oiled  ducking  for  distribution  of  water. 
His  results  in  irrigation  of  garden  truck  have  been  most  satisfactory. 
Many  other  persons  irrigate  small  truck  patches  with  ordinary  wind- 
mill pump. 

HAMILTON  COUNTY. 

Mr.  6.  L.  Cushman,  near  Chapman,  is  irrigating  with  ^considerable 
success.  He  employs  a  Dempster  vaneless  16-foot  mill,  with  8-inch 
cylinder  and  pipe.  It  is  32  feet  from  surface  to  bottom  of  screen, 
and  the  water  level  can  not  be  pumped  down.  The  reservoir  is  110 
feet  in  diameter,  and  is  located  on  a  portion  of  the  land  which  is 
slightly  higher  than  the  adjacent  fields.  His  ditches  are  dug,  with 
banks  of  the  excavated  material.  Potatoes  have  been  the  crop,  but 
the  plant  as  it  now  stands  will  hardly  supply  water  enough  for  5 
acres  in  dry  seasons.  Irrigation  was  found  to  increase  the  crop  to  a 
very  notable  degree,  but  no  precise  figures  are  offered. 

BUFFALO  COUNTY. 

Mr.  Joseph  Buck,  near  Shelton,  irrigated  about  1  acre  of  potatoes 
in  1895.  His  well  is  25  feet  deep,  and  with  his  present  pumping 
arrangements  yields  about  150  gallons  per  minute  in  a  fair  wind.  The 
supply  appears  to  be  inexhaustible.  His  reservoir  is  one-half  acre  ia 
size* 
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Mr.  W.  K.  Wright,  near  Gibbon,  irrigates  from  a  reservoir  1  acre 
in  area,  with  banks  about  6  feet  high  on  the  outside.  The  water  sup- 
ply is  from  two  12-inch  pumps  operated  by  two  16-foot  windmills,  each 
pump  delivering  about  130  gallons  per  minute  in  a  fair  wind.  The 
water  level  is  lOJ-  feet  below  the  surface.  One  of  the  pumps  draws 
the  water  from  eight  3-inch  pipes  radiating  from  a  chamber  which 
fastens  to  the  bottom  of  the  cylinder.  Each  of  the  radiating  pipes 
is  4  feet  long,  the  outer  ends  connecting  with  elbows  to  perpendic- 
ular pipes  with  gauze  points  driven  12  feet  into  the  water.  The 
other  pump  is  supplied  from  an  open  well  54  feet  deep,  16  inches  in 
diameter,  with  700  three-quarter  inch  auger  holes,  covered  with  gauze, 
near  the  bottom.  The  largest  volume  of  water  is  in  gravel  18  feet 
thick,  beginning  10^  feet  below  the  surface.  Below  this  the  water 
contained  too  much  quicksand.  Mr.  Wright  has  found  that  flooding 
the  land  in  the  autumn  and  winter  is  very  beneficial  to  the  crops  of 
the  ensuing  season.  In  1895,  20  acres  of  corn  were  irrigated  once,  at 
earing  time,  with  the  gratifying  result  of  doubling  the  crop  over  that 
of  adjoining  nonirrigated  lands.  He  has  raised  150  bushels  of  pota- 
toes per  acre.  His  main  ditches  are  2^  to  4  feet  wide,  according  to 
the  slope  of  the  ground.  The  land  does  not  carry  water  well  for  long 
distances.  He  thinks  he  can  depend  on  irrigating  25  acres,  with  water 
to  spare  some  seasons  for  the  further  irrigation  of  from  15  to  20  acres 
more. 

Mr.  R.  M.  Jones,  near  Elm  Creek,  irrigates  with  a  Dempster  mill, 
16-foot  wheel,  pumping  from  eight  3-inch  points  driven  from  the  bot- 
tom of  a  hole  8  feet  deep,  11  feet  in  diameter,  into  water-bearing 
gravels  below.  He  has  been  able  to  wet  about  25  to  30  acres  by  run- 
ning the  water  out  over  the  frozen  ground.  Corn,  wheat,  barley,  and 
oats  yielded  very  fine  crops,  which,  however,  were  seriously  damaged 
by  hail  before  harvesting. 

DAVrSON  COUNTY. 

Along  the  valley  of  the  Platte  in  this  county  irrigation  from  shallow 
wells  by  windmills  has  been  practiced  at  several  localities.  Informa- 
tion could  be  procured  from  only  a  few  of  the  irrigators.  The  follow- 
ing statements  are  representative : 

Mr.  G.  Malchow,  near  Lexington,  irrigates  from  a  20-foot  well  with 
pumping  outfit  and  reservoir  situated  on  a  low  knoll,  which  is  about  8 
feet  higher  than  adjoining  portions  of  the  farm.  The  pump  consists 
of  an  8-inch  pipe,  20  feet  long,  with  two  laterals,  2  inches  in  diameter, 
driven  down  19  feet  deep  into  the  water-bearing  beds.  The  first 
water  is  21  feet  from  the  top  of  the  knoll,  in  a  bed  of  gravel  2  feet 
thick,  underlain  by  10  to  12  inches  of  clay  and  sand,  below  which  are 
other  water-bearing  gravels.  The  reservoir  is  6  feet  deep,  150  feet 
long,  and  100  feet  wide.  In  1895  the  wind  had  sufficient  force  to  keep 
this  reservoir  about  full  from  March  to  the  1st  of  July.  Two  acres 
were  planted  in  x>otatoes  and  1  acre  in  a  variety  of  gaxd^u  \>T\3Lft>K.^ 
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including  lettuce,  onions,  beets,  carrots,  cabbage,  etc.  The  water 
was  turned  into  these  fields  about  twice  a  week,  and  the  products 
were  large  and  fine.  Owing  to  lack  of  market,  however,  the  opera- 
tion was  not  a  profitable  one.  In  the  middle  of  June,  Mr.  Malchow 
irrigated  2  acres  of  potatoes,  and  these  yielded,  on  harvesting,  about 
100  bushels  to  the  acre.  Potatoes  in  the  adjoining  fields  not  irrigated 
made  practically  no  crop  at  all.  There  were  also  irrigated  2  acres  of 
oats,  which  made  40  bushels  to  the  acre,  while  other  oats  in  the  . 
vicinity  made  only  10  bushels.  By  comparing  results  with  neighbors 
who  apply  the  water  direct  from  the  wells,  it  was  found  that  storage 
in  reservoirs  is  very  necessary,  both  to  gain  sufficient  volume  for 
irrigation  and  to  allow  the  water  to  acquire  the  proper  temperature. 

Mr.  G.  Ballmer,  near  Gothenburg,  has  a  Dempster  irrigation  outfit, 
consisting  of  8-inch  pump,  30-foot  tower,  and  16-foot  open  wheel. 
The  well  is  40  feet  deep,  8  feet  wide,  and  has  six  2-inch  pipes  29  feet 
long,  with  sand  points  which  are  driven  down  into  the  gravel.  They 
connect  in  the  bottom  of  the  well  with  afi  8-inch  cylinder.  He  estimates 
that  by  running  the  pump  continuously  he  could  irrigate  20  to  30 
acres.  His  reservoir  is  60  by  200  feet,  with  banks  about  4  feet  high. 
At  preseflt  he  is  irrigating  only  in  a  small  way — ^fruit  trees,  truck 
patch,  a  few  acres  of  potatoes,  and.  5  acres  of  com. 

Mr.  Alex.  I.  Johnson,  near  Lexington,  makes  the  following  state- 
ment: He  has  an  8-inch  pump  with  six  2-inch  pipes  attached.  The 
water  level  is  14  feet  below  the  surface  and  the  supply  is  very 
large.  With  a  10-inch  stroke  his  mill  pumps  about  100  gallons  per 
minute.  The  reservoir  is  100  feet  long  by  60  wide,  and  holds  water 
sufficient  for  about  2  acres  at  a  time.  From  this  plant  he  has  irri- 
gated from  10  to  12  acres,  which  have  yielded  good  crops  during  sea- 
sons when  the  crops  failed  completely  on  nonirrigated  land.  His 
potatoes  have  yielded  110  bushels,  corn  40  bushels,  while  in  nonirri- 
gated areas  only  15  bushels  were  obtained  last  season. 

Mr.  L.  A.  Lewis,  near  Cozad,  gives  the  following  particulars  in 
regard  to  his  irrigation  operations:  His  well  is  20  feet  by  8  feet,  with 
six  sand  points  driven  10  feet  below  and  connected  with  an  8-inch  cyl- 
inder. The  water  level  is  22  feet  below  the  surface.  His  windmill  is 
16  feet  in  diameter  and  has  a  10-inch  stroke.  He  believes  that  with 
a  sufficiently  large  reservoir,  in  a  moderately  windy  season,  he  could 
irrigate  from  50  to  60  acres.  He  has  not,  however,  built  a  reservoir. 
During  the  last  two  seasons  he  has  raised  potatoes,  onions,  and  other 
vegetables.  In  the  season  of  1896  he  raised  250  bushels  of  onions  on 
30  square  rods.  His  potatoes  yielded  250  bushels  per  acre  in  1895. 
On  adjoining  fields  not  irrigated  the  potato  crop  was  practically  noth- 
ing. He  realizes  the  necessity  of  having  a  reservoir  to  furnish  the 
water  in  sufficient  volume  and  at  the  proper  temperature. 

Mr.  Oliver  Miller,  near  Cozad,  has  a  plant  to  irrigate  about  5  acres 
in  the  Platte  Valley.     His  well  is  45  feet  deep  and  contains  the  usual 
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large  water  supply.  His  windmill  raises  about  25  gallons  per  minute 
under  a  favorable  wind.  The  reservoir  is  5  rods  square  and  holds  4 
feet  of  water.  His  crops  have  been  potatoes  and  garden  truck,  of 
which  the  yield  is  about  doubled  by  irrigation. 

Mr.  A.  F.  Velt,  near  Lexington,  irrigates  from  10  to  15  acres  in  dry 
seasons.  His  well  is  62  feet  deep  and  the  windmill  a  16-foot  Dempster. 
The  reservoir,  60  by  100  feet  in  area  and  4  feet  deep,  can  be  filled  in 
about  four  days  with  a  6-inch  stroke.  Mr.  Velt  reports  very  satisfac- 
tory results  with  potatoes,  onions,  cabbage,  corn,  and  miscellaneous 
garden  truck. 
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LETTER  OF  TRANSMITTAL. 


Depabtment  of  the  Intbbiob, 
United  States  Geological  Survey, 

Division  op  Hydbography, 
Washington^  November  26^  1897, 

Sir:  I  have  the  honor  to  transmit  herewith  a  paper  entitled  Irri- 
gation Systems  in  Texas,  by  William  Ferguson  Hutson,  and  to  rec- 
ommend that  it  be  published  in  the  series  of  pamphlets  on  Water- 
Supply  and  Irrigation.  This  manuscript  was  prepared  in  accordance 
with  a  request  made  to  Prof.  J.  H.  Connell,  director  of  the  Texas 
Agricultural  Exjieriment  Station.  Professor  Connell  found  that  it 
was  impossible  for  him  to  give  the  necessary  time  to  field  investiga- 
tion and  the  preparation  of  a  report  of  results,  and  therefore  recom- 
mended that  the  work  be  intrusted  to  Mr.  Hutson.  The  field  work 
was  carried  on  during  May  and  June  of  1897;  the  paper  was  written 
during  July  and  transmitted  early  in  August.  The  data  were  neces- 
'  sarily  accumulated  in  a  relatively  short  time,  and  the  author  consid- 
ers the  paper  somewhat  in  the  light  of  a  preliminary  report.  A  num- 
ber of  illustrations  used  in  this  paper  have  been  obtained  through  the 
courtesy  of  Mr.  Robert  T.  Hill,  geologist  of  this  Survey,  from  his  x)aper 
in  Part  II  of  the  Eighteenth  Annual  Report. 

In  the  preparation  of  this  manuscript  for  publication  considerable 
liberty  has  been  taken  with  the  arrangement  and  the  manner  of 
presentation.  While  the  statements  of  fact  have  been  preserved,  such 
changes  have  been  made  in  the  character  of  the  paper  as  seemed 
necessary  to  bring  it  into  harmony  with  the  series  as  a  whole.  In 
particular  a  somewhat  arbitrary  geographic  arrangement  has  been 
adopted  in  place  of  one  based  on  considerations  of  quantity  of  rain- 
fall, as  it  appeared  undesirable  to  make  the  assumption  that  irrigation 
is  governed  by  questions  of  mean  annual  precipitation. 

Very  respectfully, 

F.  H.  Newell, 

Hydrographer  in  Charge, 
Hon.  Charles  D.  Walcott, 

Director  United  Stales  Geological  Su/rvey. 


i 


a 

z 

E 
a, 
<n 

0) 

O 
O 

X 

< 

z 
< 
CO 

u. 
0 

u. 

0 
I 

z 


INTRODUCTION. 


By  F.  H.  Newell. 


In  the  report  upon  Agricultxire  by  Irrigation,  prepared  for  the 
Eleventh  Census,  1890,  all  the  facts  obtainable  at  that  time  concern- 
ing irrigation  in  Texas  were  presented  and  discussed.  It  was  found 
by  the  enumeration  that  there  were  in  the  whole  State  623  persons 
irrigating  farms,  having  an  aggregate  area  of  18,241  acres,  or  an  aver- 
age of  29  acres  irrigated  by  each  person.  This  did  not  include  the 
smaller  kitchen  and  flower  gardens,  of  which  there  were  probably 
hundreds,  or  even  thousands,  watered  by  means  of  city  supply  or 
windmills.  The  definition  of  ''a  farm,"  adopted  for  the  purpose  of 
the  census,  included  ''all  staple  nurseries,  orchards,  and  market 
gardens  owned  by  separate  parties  which  were  cultivated  for  pelju- 

» 

niary  profit  and  which  employed  as  much  as  the  labor  of  one  able- 
bodied  workman  during  the  year."  The  land  which  was  irrigated 
formed  on  an  average  only  2.43  per  cent  of  each  farm,  showing  that 
irrigation  where  used  was  practiced  on  only  an  inconsiderable  portion 
of  each  landowner's  holding. 

Since  1890  there  has  been  considerable  progress  made  in  the  devel- 
opment of  irrigation,  and  interest  has  been  stimulated  by  the  success 
recently  attained  in  various  localities.  This  later  investigation  in 
Texas  has,  therefore,  been  made  for  the  purpose  of  procuring  fresh 
information,  especially  concerning  the  recent  developments.  The 
facts  are  of  interest  not  only  to  the  people  of  that  State,  but  to  a  less 
degree  to  those  of  the  whole  United  States,  for  Texas  embraces  such 
a  wide  range  in  topography  and  climate  that  success  attained  within 
its  boundaries  suggests  the  advisability  of  the  same  line  of  action  in 
some  other  locality.  On  account  of  this  great  diversity  of  natural 
conditions,  irrigation  has  been  developed  along  many  different  lines. 
Not  only  is  water  diverted  from  creeks  and  larger  rivers,  but  in  some 
localities  it  is  held  by  storage,  in  others  it  is  pumped  from  ordinary 
wells,  and  in  still  others  it  is  obtained  from  artesian  wells.  Wliere 
the  conditions  are  favorable,  the  swiftly  flowing  streams  are  employed 
in  pumping  a  portion  of  their  own  water  up  to  the  top  of  the  adjacent 
banks,  or  the  ever-present  winds  of  the  prairies  are  utilized  by  means 
of  windmills  to  bring  a  needed  supply  of  moisture  from  far  under- 
ground.    In  short,  in  the  broad  stretch  of  country  from  the  humid 
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lands  on  the  east  to  the  arid  region  on  the  west,  from  the  semitropic 
glades  of  the  south  Gulf  coast  to  the  high  plains  of  the  interior,  is  to 
be  found  almost  every  variety  of  physical  condition  and  of  mechanical 
device  for  supplying  needed  water  to  the  soil. 

When  we  consider  the  State  of  Texas — ^in  area  nearly  a  tenth  of  the 
whole  United  States,  and  with  a  population  less  than  that  of  the  little 
State  of  Massachusetts,  sparsely  scattered  even  in  the  humid  portion, 
with  enormous  areas  of  rich  soil  but  poorly  tilled — the  question  arises, 
Why  should  irrigation  be  practiced?  Agriculture  by  this  method  is 
necessarily  intensive  farming — a  method  which  should  be  practiced 
amid  a  dense  population,  and  one  where  success  is  attained  only  by 
thorough  tilling  and  careful  attention  to  details.  Why  then  should 
this  be  taken  up  in  a  State  where  fertile  land  is  so  cheap  and  where 
great  areas  have  not  been  touched  by  the  plow?  The  answer  lies  in  the 
fact  that  many  farmers  are  beginning  to  discover  that  larger  profits 
can  be  made  by  carefully  tilling  a  small  area  than  by  attempting  to 
diffuse  their  efforts  over  plantations  of  considerable  size,  and  that  in 
order  to  produce  the  largest  yield  from  a  given  outlay  of  time  and 
labor  it  is  necessary  to  insure  the  presence  of  suf&cient  moisture  at 
the  right  time.  This  lesson,  however,  has  not  been  universally  learned. 
The  education  of  the  great  majority  of  farmers  or  planters  has  been 
such  as  to  make  them  adhere  to  old  methods,  and  often  it  is  only  after 
object  lessons  have  been  many  times  repeated  that  they  are  willing  to 
concede  that  their  broad  farming  is  not  the  most  profitable. 

Included  within  the.  State  of  Texas  are  lands  upon  which  irrigation 
was  practiced  as  early  as,  if  not  earlier  than,  in  any  other  portion  of  the 
United  States,  and  it  would  thus  seem  that  this  method  of  agriculture 
should  have  spread  and  be  more  generally  practiced  than  it  is.  It  is  ' 
a  fair  question.  Why,  if  irrigation  is  so  profitable,  has  it  not  become  the 
rule  rather  than  the  exception?  The  answer  can  probably  be  found 
in  the  character  and  training  of  the  x>opulation  and  in  the  unfriendly 
attitude  of  the  laws  of  the  State  toward  the  development  of  irriga- 
tion works.  The  very  extent  of  the  State— the  enormous  areas  of 
land  that  might  be  had  almost  for  the  asking — ^has  tended  to  make  the 
farmer  look  down  upon  little  methods  and  disregard  the  small  econo- 
mies and  the  attention  to  detail  so  essential  in  intensive  agriculture. 
Thus  the  tendency  has  been  to  leave. irrigation  to  the  Mexican,  who 
originally  practiced  it,  and  to  regard  it  as  something  almost  unworthy 
of  the  consideration  of  a  "  white  man."  The  time  has  come,  however, 
for  a  change  in  general  sentiment.  A  more  diversified  farming  has 
been  introduced,  together  with  better  methods,  brought  in  to  a  certain 
extent  by  immigration  from  other  States.  The  rapid  growth  of  the 
Territories  to  the  northwest,  which  are  dependent  for  their  agricul- 
ture upon  irrigation,  has  stimulated  a  desire  and  an  endeavor  to  attain 
like  results  by  similar  means,  and  opportunities  which  before  have 
been  neglected  are  being  seized  upon. 
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Before  any  eonsiderable  development  can  tidce  place  in  irrigation, 
njwn  either  a  large  or  a  small  scale,  facts  must  be  known  concerning 
the  water  supply.  If  this  is  to  be  obtained  from  a  river,  it  must  be 
known  whether  the  low- water  flow  is  sufficient  for  the  purpose  and 
whether  the  floods  are  of  such  size  as  to  sweep  away  structures  which 
should  be  x>ermanent.  Even  in  the  case  of  individuals  intending  to 
pump  water  from  the  ground,  questions  are  first  asked  as  to  whether 
the  groundwater  is  sufficient  in  volume  and  whether  it  can  be  obtained 
at  a  depth  near  enough  to  the  surface  to  be  profitably  raised.  The 
answer  to  all  questions  of  this  kind  must  come  primarily  through  a 
comprehension  of  the  geology  of  the  country.  Ignorance  of  the  vol- 
ume of  some  of  the  larger  streams  has  already  resulted  in  serious 
disappointment,  and  probably  in  heavy  loss,  to  several  large  enter- 
prises, and  it  is  probable  that  other  works  of  this  character  will  not 
be  carried  out  until  the  investors  have  a  better  knowledge  of  the 
physical  conditions,  of  drought,  and  of  high  water.  From  a  knowl- 
edge of  the  underground  conditions  it  is  possible  to  foretell  the  depth 
to  the  water-bearing  strata  and  the  general  character  of  these,  and  to 
base  estimates  upon  the  quantity  which  may  be  obtained  by  properly 
constructed  wells.  Matters  of  this  kind  must  be  investigated  if  the 
resources  of  the  country  are  to  be  neither  underestimated  and  neglected 
nor  overstated  and  made  the  basis  of  loss  to  credulous  investors. 

With  the  measurement  and  study  of  surface  streams  and  the 
accumulation  of  facts  concerning  the  underground  structure,  with 
reference  to  the  amount  and  quality  of  the  water  available,  there  are 
closely  joined  considerations  of  methods  and  cost  of  lifting  the  water 
up  to  the  lands  to  be  irrigated.  No  general  rule  can  be  laid  down  as 
to  how  much  any  given  individual  can  afford  to  expend  in  obtaining 
a  water  supply  for  irrigation.  Each  case  must  be  considered  on  its 
own  merits,  alike  as  to  methods  and  machinery,  the  amount  of  water 
needed,  and  the  character  and  ultimate  value  of  the  crop.  As  a  gen- 
eral rule  it  may  be  said  that  for  the  field  crops  as  ordinarily  cultivated 
irrigation,  especially  by  pumping,  will  not  pay;  but  in  diversified 
farming,  where  personal  attention  is  given  by  the  owner  to  every 
detail,  exx)ensi ve  methods  of  storing  or  pumping  water  have  in  the  long 
run  been  found  highly  profitable.  In  order  to  bring  out  the  divergence 
in  practice  there  have  been  assembled  in  the  following  table  the  more 
important  facts  obtainable  concerning  the  cost  of  water  by  the  various 
methods  described  in  the  following  pages. 

This  table  gives  in  the  first  column  the  page  upon  which  the  irriga- 
tion system  is  described  and  in  the  next  column  the  name  in  abbrevi- 
ated form.  In  the  third  column  are  a  few  words  to  indicate  the 
character  of  the  system — ^whether  the  ordinary  canal  or  ditch  divert- 
ing water  from  a  river  by  means  of  a  dam,  or  a  mechanical  device, 
such  as  a  windmill  or  pumps  driven  by  steam  or  gasoline.  In  the 
next  column  is  given  the  lift  in  feet  where  water  is  raised  by  pumping, 
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and  next  to  this  the  capacity  of  the  pump  or  ditches  in  cubic  feet  per 
second.  This  column  also  gives  the  total  amount  delivered  in  acre- 
feet  in  12.1  hours,  since  1  cubic  foot  per  second  flowing  for  this  length 
of  time  will  cover  1  acre  a  foot  in  depth.  To  the  acreage  two  columns 
are  devoted — the  first  giving  the  total  area  irrigable,  or  the  amount 
which  it  is  estimated  each  system  will  cover;  and  the  second,  the  area 
actually  watered,  this  applying  usually  to  the  year  1896.  Beyond 
this  is  given  the  total  cost  of  the  system,  and,  wherever  practicable, 
the  cost  x>er  acre.  This  latter  column,  in  the  case  of  the  larger  ditches, 
shows  the  amount  asked  or  paid  per  acre  for  water  rights.  The  last 
column  gives  the  estimated  annual  cost  x>er  acre  for  water,  figures  for 
this  being  rarely  obtainable. 

Comparison  of  capcusity  and  cost  of  varums  systems  of  toater  supply  in  Texas, 


Name. 

System. 

Pump. 

Lift 

in 

feet. 

Capac* 

second- 
feet. 

Acreage. 

Ckwt. 

1 

Irriga- 
ble. 

Irri- 
gat- 
ed. 

Total. 

Per 
acre. 

An- 
nual 
per 
aero. 

88 

Catron 

50  H.  P.  engine. 
8-foot  wind- 

miU. 
12-foot  wind- 

miU.a 
Dam  and  ditch 
do 

Menge 

8 
26 

ILU 

16 

80 

800 
60 

600 

7 

10 
470 
260 

76 

$1,600 
300 

486 

26,000 
200 

8,600 
1.600 

$3 
43 

16 

80 

Stnbenranch  .. 
do 

29 

ffl 

Lytle 

81 

Lewis..... 

20 

7 

14 

20 

81 

Metcalf 

do 

10.75 

H2 

ftlenn  .  „ , 

do 

360 

260 

400 

80 

76 

600 
1,600 
1,000 

400 

88 

McOee 

do 

8e 

Swinden 

Baker 

80H.  P.6 

32  H.  P.  en- 
gine, d 
Tnrbine 

Centrifugal 
Worthing- 
ton. 

"  •  •  •  -  - 

6.84 
2.72 

.U 
1.00 

1.87 

2.60 
.20 
.38 

88 

76 
6 

2,000 

27 

C6.00 

88 

wmis 

88 

Alldridge 

Lindsey 

Vanderstnoken 

Richards. 

Garrett 

20  H.  P.  en- 
gine, e 

80  H.  P.  en- 
gine./ 

18  H.  P.  engine. 

Water  wheel.. 

88 

40 

100 
8 
12 
100 
400 
260 
100 

2,000 
1.600 

50 
15 

84 

Menire ..-.. 

89 

M&vaA0«  ..... 

89 

do 

• • •••• 

48 

Upper  Labor . . 

Traeheart 

Kampman 

Pickett 

Crandall 

Simmons 

Experiment... 

Qrover 

Ditch 

2.00 

48 

Ditchy 

90.00 
2.38 
1.67 

.20 

.07 

.06 

14.00 

18,000 
8,000 
2,600 

206 

460 

16 

2.50 

46 

Artesian  well. 

40  H.  P.  boil- 
er.h 

10  H.  P.  boil- 
er, i 

2i  H.  P.  gaso- 
line. 

5i  H.  P.  gaao- 
oline. 

100H.P.boileri 

47 
48 

Riakeelee .. 
Blake 

60 
48 

<r4.00 

40 

20 
600 

10 

40 

48 
48 

66 

Menge 

70 

6.000 

1.00 

Opei 
rwat 


rating  cost,  |3  per  day  of  eleven  hours. 


»pe: 
Lda^ 


a  Combined  water  power  and  irrigation.  ,  _         . 

b  With  reseryoir.  a  water  rights  held  at  $16. 

c  Approximate.  A  Costs  12|  cents  per  hour  to  operate. 

d  Operating  cost.  |7  a  day  of  tweWe  hours.  i  Pumps  into  reservoir. 

e  Can  water  6  acres  per  day.  j  Operating  expenses,  $4.26  per  day. 
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Comparison  of  capacity  and  cost  of  various  systems  of  water  supply  in  Texas— 

Gontinned. 


Name. 

System. 

Pnmp. 

Lift 

in 

feet. 

second- 

feet. 

Acreage. 

Cost 

• 

Irriga- 
ble. 

Irri- 
ed. 

Total. 

Per 
acre. 

An- 
nual 
per 
acre. 

66 

"Mm«r 

40  H.  P.  boiler.. 
Dam       and 

ditches. 
80H.  P.  boiler.. 

Double 

30 

.20 

140 

70 
8,600 

60 
3 
5 

100 

200 

200 

18 

U 

6,000 
600 

18,000 
25,000 

56 

Del  Bio 

Urbahn 

Stemeberf?  — 
Charleston 

dosner 

Babb 

10.50 

58 

Pnlsometer 

65 

1.11 

125 

68 

220 
426 

58 

12-foot    wind- 
mill, a 

25  H.  P.  engine. 

60H.P.boller.. 

100H.P.boUer. 

14-foot    wind- 
mill. 

3  windmills 

30 

18 
22 
10 

60 
124 

50 

Centrifugal 

Menge 

Centrifugal 

10.58 
20.00 
17.82 

800 

50 

2,000 

50 

Bmlay 

flO 

Goodrich 

Wayland 

Murray 

Mannieretta  .. 
I»ecosB.I.Co.. 
Grand  Falls 

300 

605 

282 

150,000 
85,000 

an 

25 

60 

8-foot      wind- 
mill, a 
Dam  and  ditch. 
do 

63 

40,000 
20,000 

$10 

5 

15 

1.50 

64 

.60 

64 

do 

1.25 

65 

ElFteo 

80,000 

8,000 

220,000 

2.00 

a  With  reservoir. 

In  looking  over  this  statement  probably  the  first  observation  that 
one  will  make  is  the  wide  diversity  of  costs  and  results.  This  is 
partly  accounted  for  by  the  fact  that  these  figures  are  for  the  most 
part  mere  estimates  and  are  open  to  the  suspicion  of  being  exagger- 
ated to  serve  individual  interests  in  one  case  or  another.  In  par- 
ticular the  volume  or  capacity  of  the  ditches  is  usually  overstated, 
and  concerning  the  pumps  very  little  is  known  beyond  the  maker's 
estimates,  prepared  for  the  purposes  of  selling  his  machinery.  Judging 
from  these  and  similar  statements,  the  first  and  annual  cost  of  water 
from  the  large  ditches  is  very  low,  being  from  $10  to  $16  per  acre  for 
water  rights  and  from  50  cents  to  $1.50  per  acre  for  annual  mainte- 
nance. The  cost  of  water  -per  acre  by  pumping  is  usually  much  more, 
and  may  range  from  $20  to  $50  per  acre,  or  even  higher. 

The  small  cost  of  water  from  gravity  ditches  in  Texas,  as  well  as  in 
other  States,  is  more  apparent  than  real.  As  a  rule  the  larger  canal 
companies  base  their  selling  price  for  water  rights  upon  the  assumption 
that  the  work  will  cost  a  certain  sum  and  that  several  thousand  acres 
will  be  irrigated  and  subsequently  sold.  In  this  assumption  the  cor- 
porations have  often  been  disappointed,  the  work  costing  far  more 
than  anticipated  and  the  sales  of  water  right  with  or  without  land 
being  exceedingly  slow.  The  promoters  have  appreciated  the  fact 
that  these  lands  can  not  be  sold  unless  the  first  and  the  annual  cost 
of  water  is  kept  down  to  the  lowest  figure.    The  struggle  to  maintain 
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the  property  upon  the  small  returns  has  often  resulted  in  the  system 
going  into  bankruptcy  or  being  kept  in  very  poor  condition.  Some- 
times, also,  the  estimated  supply  of  water  has  not  been  sufficient; 
and  thus,  from  one  cause  or  another,  the  landowners,  although  nomi- 
nally paying  a  small  price  for  their  water  rights  and  for  the  annual 
maintenance  of  these,  in  point  of  fact  ultimately  pay  a  \ery  large 
price  for  an  insufficient  supply.  This  should  be  borne  in  mind  in 
making  comparisons  l^etween  the  cost  of  water  as  usually  given  by 
irrigation  companies  and  the  outlay  required  in  the  case  of  pumping 
machinery. 

The  expense  of  lifting  water  for  irrigation  must,  as  a  rule,  be  far 
greater  than  that  of  diverting  a  supply  by  gravity,  but  in  many  places 
circumstances  or  conditions  are  such  that  the  former  is  the  only 
method  practicable.  Where  considerable  areas  are  watered  and  the 
lift  is  small  the  extra  cost  may  be  more  than  compensated  by  the  con- 
venience and  the  possibility  of  controlling  the  source  of  supply.  The 
pumping  plant  as  a  means  of  insurance  against  drought,  even  in 
humid  regions,  is  coming  to  be  recognized  as  a  good  investment.  If 
properly  protected  from  the  weather  it  may  stand  for  months  or  years 
without  use,  ready  in  times  of  deficient  rainfall  for  immediate  service 
in  saving  a  crop  that  otherwise  would  be  a  failure. 

One  of  the  notable  features  in  connection  with  pumping  is  the 
apparently  low  efficiency  attained  when  one  compares  the  amount  of 
water  which  it  is  claimed  a  pump  delivers  with  the  acreage  actually 
cultivated.  Two  reasons  for  this  are  api)arent:  The  first  is  that  the 
pumps  may  not  be  run  to  their  full  capacity  or  the  water  may  not  be 
used  upon  as  large  an  area  of  ground  as  possible.  But  the  principal 
reason  often  lies  in  the  fact  that  the  capacity  of  the  pump  is  greatly 
overrated,  and  few  purchasers  ever  make  systematic  tests  of  the 
amount  of  water  actually  delivered.  Many  disappointments  have 
resulted  from  farmers  attempting  to  irrigate  with  too  small  a  volume 
of  water.  They  have  assumed  that  the  pumps  were  delivering  a  cer- 
tain quantity,  say  2  cubic  feet  per  second,  when  in  fact  they  were 
raising  on  the  average  only  one-third  or  one-quarter  of  this.  It  is 
almost  impossible  to  judge  by  the  eye  as  to  the  amount  when  flowing 
in  a  pipe  or  trough,  and  they  have  declared  that  the  ground  was  not 
favorable  for  irrigation  when  in  reality  they  were  trying  to  accom- 
plish the  impossible  feat  of  spreading  water  from  a  stream  too  small 
to  traverse  the  ground.  The  real  source  of  trouble  has  not  been  with 
the  soil  or  the  method,  but  with  the  insufficient  supply.  This  diffi- 
culty might  be  remedied  by  the  construction  of  a  small  reservoir  or 
tank,  into  which  the  pumped  water  could  accumulate  for  a  few  hours 
and  from  which  a  stream  of  considerable  volume  could  be  drawn 
when  an  application  of  water  to  the  soil  was  to  be  made.  This  has 
often  been  neglected,  to  the  detrimenf  of  the  owner. 

The  amount  which  can  be  reasonably  expended  per  acre  in  procur- 
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ing  a  water  supply  for  irrigation  is,  as  stated  above,  a  problem  for 
which  no  general  rule  can  be  given.  Much  depends  upon  the  char- 
acter of  the  crop,  and  particularly  upon  the  price  for  which  it  sells. 
If  there  is  always  a  good  market  for  the  produce,  the  next  considera- 
tion is  the  skill  of  the  irrigator.  The  man  who  is  thoroughly  experi- 
enced in  appl3ang  water,  using  only  the  proper  amount,  can  often 
afford  to  pay  twice  as  much  for  it  as  can  his  neighbor  who  uses  a 
greater  quantity  and  obtains  a  smaller  yield. 

The  quantity  of  water  needed  varies  so  widely  that  broad  assump- 
tions must  be  made  in  order  to  prepare  any  estimate  of  cost.  Under 
ordinary  circumstances  it  maybe  said  that  an  amount  of  water  equal- 
ing 12  inches  in  depth  is  sufficient  in  Texas  for  a  crop  season.  In 
other  words,  an  acre-foot  of  water,  or  43,560  cubic  feet,  will  irrigate 
an  acre.  A  pump  delivering  at  the  rate  of  a  cubic  foot  per  second,  or 
448  gallons  per  minute,  will  give  nearly  1  acre-foot  in  twelve  hours. 
Assuming  that  this  water  can  be  held  in  a  reservoir  and  that  the 
pump  is  run  daily  for  one  hundred  days,  it  should  irrigate  100  acres. 
The  cost  of  water  rights  where  the  supply  is  assured  may  be  taken 
safely  at  tl5  per  acre,  or  for  100  acres  at  $1,500.  This  amount  under 
these  assumptions  would  be  a  fair  allowance  for  the  cost  of  a  pump- 
ing plant. 

The  annual  cost  of  maintenance  of  works  where  the  water  is  care- 
fully used  may  range  from  $1.50  to  $2  per  acre.  If  the  pump  above 
mentioned  furnishes  through  the  season  water  at  the  rate  of  1  acre 
per  day,  the  cost  of  operating  should  not  exceed  this  amount — 11.50 
to  $2.  This  sum  is  relatively  small  for  fuel  and  repairs,  and  could 
not  be  made  to  include  attendance,  and  therefore  it  is  necessary  or 
desirable  that  the  pumping  machinery  should  be  nearly  automatic 
and  not  require  constant  attention.  These  conditions  are  almost 
impossible  of  attainment.  Any  such  statement,  therefore,  serves  as  a 
standard  for  ideal  conditions  rather  than  as  an  example  of  what  may 
be  realized. 

The  growth  of  irrigation  in  Texas  has  been  retarded  not  so  much  by 
the  character  of  the  climate  or  soil,  or  by  any  natural  condition,  as 
by  artificial  obstacles,  partly  legal  but  consisting  mainly  in  the  lack 
of  training  of  the  farming  population.  What  is  needed  here,  as  in 
most  parts  of  the  Great  Plains  region,  is  men  who  know  how  to  irri- 
gate— ^how  to  produce  the  best  results  under  given  conditions.  In  the 
arid  regions,  where  farming  without  irrigation  is  impossible,  men 
learn  the  business  thoroughly;  but  where  a  small  amount  of  success 
can  be  attained  by  the  careless  tilling  of  large  areas  the  farmers  are 
apt  to  go  on  year  after  year  following  the  old  ways,  getting  a  crop  when 
the  seasons  are  good  and  trusting  to  chance,  hoping  in  years  of  drought 
that  the  next  season  will  be  betier. 

By  the  development  of  small  irrigation  works  in  various  parts  of 
the  State  farmers  are  becoming  accustou^^  to  the  use  of  water  and 
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are  appreciating  the  benefits  to  be  derived  from  having  an  assured 
amount  of  water.  It  will  be  necessary,  however,  for  these  small 
plants  to  multiply  many  times  before  the  construction  of  large  works 
can  be  undertaken  with  fair  assurance  of  financial  success.  When 
by  the  multiplication  of  small  pumping  plants  in  various  localities  a 
considerable  body  of  successful  irrigators  has  been  established,  it  will 
be  possible  to  construct  great  canals  from  the  larger  rivers,,  bringing 
water  to  thousands  of  acres  of  rich  lands,  and  to  dispose  of  water 
rights  at  remunerative  prices.  The  small  pumping  plants  may  there- 
fore be  considered  as  the  necessary  forerunners  of  more  economical 
and  efficient  systems  which  will  render  possible  a  dense  population 
along  the  fertile  valleys  where  now  farming  is  precarious  and  often 
unprofitable. 
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By  William  Ferguson  Hutson. 


GENERAL  STATEMENT. 

During  the  last  few  years  general  interest  has  been  aroused  in  irri- 
gation, and  its  importance  to  many  portions  of  Texas  is  being  better 
appreciated.  At  this  time  a  discussion  of  the  development  of  irriga- 
tion and  its  present  condition  may  afford  instructive  suggestions  not 
only  to  citizens  of  the  State,  but'  to  x>crsons  in  other  parts  of  the  coun- 
try. The  variety  of  geologic  and  climatic  conditions  and  the  mixed 
population  have  given  rise  to  many  methods  of  practice,  so  that  in 
Texas  there  may  be  found  representatives  of  nearly  every  system  of 
irrigation  occurring  in  the  United  States.  Every  degree  of  excellence 
may  be  noted,  from  that  of  modern  machinery  for  raising  water  down 
to  the  most  primitive  devices  for  supplying  it  to  the  field.  In  the  arid 
and  semiarid  portions  of  the  State  the  methods  of  the  early  Spanish 
settlers  are  employed.  Most  of  the  cultivation  is  done  by  Mexican 
laborers  or  tenants,  who  cling  to  the  old  systems.  Thus  on  most  of 
the  ditches  the  distribution  of  the  water  is  by  the  Spanish  method  of 
days  and  hours,  each  holder  of  a  water  right  having  the  use  of  the 
ditch  in  his  turn. 

The  methods  of  applying  the  water  are  usually  copied  from  those  of 
the  Mexicans,  which  consist  of  flooding  the  crops  by  means  of  little 
embankments  or  ridges  of  earth  from  6  inches  to  a  foot  in  height,  so 
arranged  as  to  convert  the  fields  into  checks  of  a  size  often  absurdly 
diminutive.  This  system  of  watering  has,  indeed,  been  very  largely 
modified  by  most  of  the  American  irrigators,  so  as  to  facilitate  the  use 
of  machine  tools  in  handling  the  crop;  but  the  water  is  still  waste- 
fully  used.  It  is  to  be  hoped  that  in  the  present  general  development 
of  irrigation  more  progressive  methods  will  be  inaugurated  for  both 
the  distribution  and  the  application  of  the  water. 

The  early  history  of  irrigation  in  Texas  is  hidden  in  the  unwritten 
annals  of  the  past.  Several  of  the  valleys  of  the  Trans-Pecos  country 
show  signs  of  having  once  supported  a  teeming  population.  The  lines 
of  their  irrigation  canals  can  yet  be  traced  for  miles,  while  arrow- 
heads, stone  implements  for  grinding  com,  and  other  relics  can  be 
found  in  considerable  quantities.  It  must,  however,  be  left  to  the 
IBB  13 2  n 
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archsBologist  to  determine  who  these  aboriginal  irrigators  were  and 
the  probable  antiquity  of  their  work.  The  Pueblo  Indians  say  that 
these  ditches  were  made  by  the  Yuma  Indians,  who  were  driven  gradu- 
ally westward  by  the  Comanches  and  Apaches,  finally  settling  in  their 
present  home  on  the  Colorado  River.  On  the  Rio  Grande  below  El 
Paso  are  several  ditches,  which  are  probably  the  oldest  now  in  use  in 
the  United  States.  They  were  built  by  the  Pueblo  Indians,  who, 
according  to  their  traditions,  migrated  to  this  place  from  New  Mexico 
at  a  very  early  date,  certainly  before  the  advent  of  the  Spaniards 
under  Coronado.  This  explorer  mentions  finding  well-established 
systems  of  irrigation  among  the  Indians  in  this  vicinity  in  1540,  when 
he  passed  on  his  expedition  northward.  The  old  Spanish  mission 
ditches  around  San  Antonio,  mentioned  on  later  pages,  are  also  worthy 
of  note  as  among  the  oldest  in  the  United  States. 

RETARDATION  OF  DEVELOPMENT. 

• 

Taking  into  consideration  the  climatic  conditions  and  the  object 
lesson  furnished  by  the  old  ditches,  it  is  somewhat  remarkable  that 
irrigation  has  not  been  more  generally  developed  in  Texas.  The 
causes  for  the  slow  growth  of  this  method  of  agriculture  in  the  State 
as  a  whole  are  found  in  the  persistent  attempts  of  the  settlers  to  extend 
methods  of  farming  applicable  in  the  humid  East,  and  in  the  existing 
laws  modeled  on  those  of  the  well- watered  region.  There  has  been  in 
Texas,  as  well  as  throughout  the  whole  of  the  Great  Plains  region  of 
the  United  States,  a  belief,  founded  upon  hope  and  the  representations 
of  interested  land  agents,  that  the  rainfall  would  increase  as  settlement 
progressed  and  tracts  were  brought  under  cultivation.  In  the  sub- 
humid  region  the  annual  fiuctuations  of  water  supply  are  always  rel- 
atively large,  but  no  permanent  increase  is  shown  by  official  records. 
The  average  distribution  of  rainfall  in  the  western  part  of  the  State  is 
favorable  for  agriculture,.  19  per  cent  of  it  coming  in  the  spring  and 
36  x)er  cent  in  the  summer,  but  in  spite  of  this  the  crops  are  often 
either  a  total  or  a  partial  failure.  In  the  country  near  the  arid  line 
this  is  the  case  about  three  years  out  of  every  four,  because  of  the 
fact  that  a  drought  almost  invariably  occurs  during  the  growing  sea- 
son, rendering  useless  all  of  the  rain  that  falls  afterwards. 

Another  cause  of  delay  in  irrigation  development  has  inhered  in 
the  customs  of  the  x)eople.  Their  chief  interests  have  been  in  cattle, 
and  the  results  of  so  many  years  of  nothing  but  stock  raising  have 
left  them  with  neither  the  knowledge  nor  the  inclination  for  the  labo- 
rious occupation  of  the  farmer. 

But  the  principal  bar  to  the  spread  of  the  industry  has  been  the 
unsatisfactory  condition  of  the  laws  relating  to  it.  So  long  as  the 
common-law  doctrine  of  riparian  rights  was  recognized  as  the  only 
one  having  any  force  in  the  State,  irrigation  on  a  large  scale  was  oat 
of  the  question.     At  common  law  the  riparian  proprietor  is  entitled 
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to  have  the  water  flow  through  his  land  in  quanity  and  quality  as  it 
was  wont  to  do  when  he  acquired  the  title  thereto.  There  have  been 
several  instances  in  the  past  where  progressive  men  who  wished  to 
use  the  water  from  some  stream  on  their  lands  were  prevented  by 
actions  brought  or  threatened  for  infringement  of  the  riparian  rights 
of  the  owners  of  the  proi)erty  lower  down. 

In  1875  and  in  1888  laws  were  passed  by  the  legislature  for  the 
encouragement  of  irrigation  enterprises,  but  in  both  cases  they  proved 
inadequate.  In  1895  the  twenty-fourth  legislature  passed,  a  new  law 
regulating  "the  aquisition  and  use  of  water  for  irrigation,  mining, 
milling,  the  construction  of  waterworks  for  cities'and  towns,  and  for 
stock  raising."  This  Jaw  applies  only  to  those  portions  of  the  State 
in  which  "by  reason  of  the  insuflBcient  rainfall,  or  by  reason  of  the 
irregularity  of  the  rainfall,  irrigation  is  beneficial  for  agricultural 
puri)oses."  By  this  law  the  unappropriated  waters  of  the  above- 
mentioned  portions  of  the  State  are  declared  to  be  public  property, 
and  provision  is  made  for  the  appropriation  of  the  same  by  private 
persons  or  corporations  for  the  uses  mentioned  above.  The  riparian 
rights  of  a  person  owning  property  along  such  waters  are  recognized 
to  the  extent  that  the  waters  can  not  be  diverted  to  his  prejudice 
without  his  consent,  or  without  condemnation  proceedings  carried  on 
in  a  manner  similar  to  those  used  in  obtaining  land  for  public  pur- 
poses. The  appropriator  first  in  time  is  first  in  right.  The  law 
provides  ample  means  for  certifying  to  the  appropriation  and  for  reg- 
ulating and  protecting  the  corporations  which  may  be  organized  for 
the  purpose  of  using  the  waters  thrown  open  to  use  by  it.  This  mid- 
dle course,  in  regard  to  the  doctrine  of  riparian  rights,  is  that  adopted 
in  California,  Washington,  and  Oregon,  and  seems  to  have  been  suc- 
cessful in  those  States. 

In  1897  there  was  passed  by  the  twenty-fifth  legislature  a  joint  res- 
olution to  amend  the  constitution  of  the  State  by  adding  thereto  a 
section  which  provides  for  the  formation  of  irrigation  districts  with- 
out regard  to  county  lines.  Under  the  terms  of  this  such  districts 
could  only  be  formed  west  of  a  line  drawn  through  the  State  in  a 
general  north-south  direction  at  about  the  eastern  boundary  of  what 
is  here  described  as  the  semiarid  region.  This  amendment  proposed 
that  irrigation  districts  should  be  bodies  corporate  and  have  all  of 
the  rights  and  liabilities  of  ordinary  irrigation  corporations.  They 
might  issue  bonds  to  cover  cost  of  construction  of  their  irrigation 
works,  subject  to  the  same  restrictions  as  county  and  city  bonds. 
The  indebtedness  for  the  construction  of  irrigation  works  in  these 
districts  could  be  created  only  by  a  vote  of  the  majority  of  the  land- 
owners resident  in  the  district  and  having  lands  susceptible  of  irriga- 
tion by  the  proposed  works.  The  proposed  amendment  was  submitted 
to  a  vote  of  the  people  at  a  special  election  on  August  3, 1897,  but  was 
rejected  by  a  heavy  majority. 
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THE  USB  OF  WATER. 

The  "duty  of  water"  is  the  t^rm  used  to  express  the  relation 
between  the  quantity  of  water  used  in  irrigation  and  the  area  upon 
which  it  is  employed.  The  present  duty  of  water  in  Texas  can  not 
be  ascertained  with  the  data  in  hand,  but  is  in  most  cases  very  low. 
The  duty  assumed  by  most  of  the  projectors  of  new  irrigating  enter- 
prises is  100  acres  to  the  second-foot.  This,  in  the  semiarid  section 
at  least,  ought  to  prove  sufficient,  for  by  the  time  the  amount  of  land 
under  irrigation  from  each  canal  reaches  the  maximum  the  x)eople 
will  have  learned  'how  to  use  the  water  more  economically  than  at 
first,  and  the  land  will  not  require  so  much.  A  careful  estimate  of 
the  amount  of  land  under  irrigation  in  Mexico,  just  across  the  inter- 
national border  at  Eagle  Pass,  gives  a  duty  of  137  acres  to  the  second- 
foot.  There  the  crops  are  mainly  com  and  cotton,  the  latter  needing 
very  little  water. 

The  investigations  upon  which  this  discussion  is  based  revealed 
the  fact  that  there  are  in  the  State  not  only  a  great  variety  of  gravity 
systems  of  supplying  water  but  also  all  kinds  of  pumping  devices 
operated  by  steam  or  gasoline  engines  and  by  water  wheelia  or  wind- 
mills. The  latter  are  of  more  importance  than  the  data  obtained 
would  seem  to  indicate.  Throughout  the  arid  and  semiarid  regions 
nearly  every  residence  has  its  windmill  to  pump  water  for  domestic 
uses,  the  surplus  of  which  is  often  used  to  irrigate  a  few  vegetables 
or  fruits  around  the  house.  Although  a  small  area  is  watered  by  each 
mill,  yet  the  aggregate  must  be  considerable.  Data  were  obtained 
from  the  few  plants  constructed  for  irrigation  use  only,  which  will 
give  an  idea  of  the  comparative  merits  of  windmills  as  a  source  of 
irrigation.  The  least  cost  of  a  windmill-irrigation  plant  was  found  to 
be  a  little  over  $16  for  each  acre  irrigated,  the  largest  area  watered 
by  one  wheel  being  30  acres.  This  is  in  the  humid  portion  of  the 
State.  In  the  arid  portion  half  that  amount  is  all  that  can  be  sup- 
plied. The  average  cost  is  about  $47  for  each  acre  irrigated,  and 
the  area  commanded  by  each  wheel  amounts  to  only  about  7  acres. 

The  number  of  acres  irrigated  from  each  steam  or  pumping  plant 
varies  from  5  to  1,000.  The  cost  of  these  irrigation  plants  ranges 
from  $15  to  $50  for  each  acre  irrigated.  The  efficiency  of  most  of  the 
pumping  plants  could  and  should  be  very  largely  increased.  There 
is  a  great  lack  of  experience  shown  in  the  management  of  many 
of  them,  and  consequently  they  have  not  been  ox)erated  at  any- 
thing like  their  full  capacity  or  made  to  pay  a  reasonable  dividend 
on  the  money  invested.  Few  of  them  have  reservoii-s  into  which  to 
pump  the  water;  thus  they  can  be  used  only  while  the  actual  irriga- 
tion is  going  on,  whereas  to  be  operated  economically  they  should  be 
run  day  and  night,  at  least  during  the  imgating  season.     There  are 
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a  number  of  plants  in  the  State  with  a  capacity  of  as  much  as  2,500 
gallons  of  water  per  minute.  Such  a  plant,  if  worked  to  its  full 
capacity,  will  give  a  stream  equal  to  5.57  second-feet.  Allowing  one- 
third  for  loss  by  seepage  and  evaporation,  there  is  left  3.7  second-feet. 
The  usual  duty  of  water  is  estimated  at  100  acres  to  the  second-foot, 
but  in  new  irrigation  districts  it  very  often  amounts  to  only  half  as 
much.  Even  with  this  low  estimate  there  should  be  more  than  180 
acres  irrigated  from  the  plant.  Such  a  plant,  it  is  estimated  by  H.  M. 
Wilson,  can  be  erected  for  $5,000;  this  will  give  a  cost  of  $28  i)er  acre 
irrigated. 

For  estimating  the  quantity  of  water  used  in  irrigation,  various 
units  of  measurement  are  employed.  For  bodies  of  standing  water 
the  cubic  foot,  or,  where  that  is  too  small  a  unit,  the  "acre-foot"  is 
used.  The  latter  is  the  quantity  of  water  that  will  cover  an  acre  of 
ground  1  foot  deep,  or  43,560  cubic  feet.  The  gallon  is  also  very 
largely  used  for  stationary  bodies  of  water  and  for  pumping  plants, 
especially  those  for  municipal  supply.  In  considering  flowing  water 
some  unit  must  be  used  which  expresses  the  capacity  of  the  stream  in 
a  given  x>criod  of  time.  That  most  commonly  used  is  the  second-foot, 
or  the  number  of  cubic  feet  of  water  which  flow  by  in  a  second  of 
time.  The  "miners'  inch,"  so  generally  quoted  in  California  and 
Colorado,  is  not  used  in  this  State.  In  the  following  table  are  given 
some  convertible  units  of  measurement: 

Units  of  mecumrement  iised  in  irrigation^  with  equivalents, 

1  cubic  foot =0.0283  cnbic  meter =7.48  gallons. 

1  cubic  foot  of  water  weighs  62.4  ponnds. 

1  second-foot =449  gallons  per  minnte=26,930  gallons  per  hour. 

1  second-foot =50  Calif omia  miners*  inches. 

1  second-foot =40  Arizona  miners'  inches. 

1  second-foot  for  one  day =1.9835  acre-feet. 

1  second-foot  for  one  day =646,317  gallons. 

1  second-foot  of  water  falling  10  feet  gives  1. 135  horsepower. 

1  horsepower  is  given  by  1  second-foot  of  water  falling  8.8  feet. 

1  gallon  of  water =231  cubic  inches =0.13368  cubic  foot,  and  weighs  8.34  pounds. 

1,000  gallons  per  hoar =0.037  second-foot. 

1,000,000  gallons=3.07  acre-feet. 

1,000,000  gallons  per  twenty-foar  hoar8=1.55  second-feet. 

1  acre =43,560  sqnare  feet,  or  nearly  209  feet  square. 

1  acre-foot =325,850  gallons. 

DISTRIBUTION  OP  RAINFALL. 

The  most  important  element  of  climate  in  its  relation  to  the  present 
discussion  is  precipitation.  In  Texas  the  rainfall  is  greatest  in  the 
eastern  jwrtion  of  the  State  and  decreases  steadily  toward  the  west. 
This  decrease  is  at  the  rate  of  about  4  inches  every  60  miles,  being 
about  50  inches  in  the  extreme  east  and  9  inches  at  El  Paso.     The 
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isobyetals,  or  lines  of  equal  ftrecipitation,  run  throagh  the  State  in  a 
general  north-south  direction,  as  shown  by  the  map,  flg.  1. 

The  customary  definition  of  "  arid  region  "  is  one  having  less  than 
20  inches  of  mean  annual  rainfall.  This,  however,  is  not  sufficiently 
complete,  for  it  does  not  take  into  account  the  distribution  of  the  rain 
throughout  the  year.  In  certain  parts  of  the  country,  where  the 
greater  portion  of  the  precipitation  occurs  during  the  crop  season, 
wheat  and  other  cereals  are  successfully  raised  when  the  rainfall  is 
far  less  than  20  inches;  while  in  other  parts  of  the  United  States,  as. 


Indei  map  ot  Teua. 


for  example,  near  the  Pacific  coast,  where  the  greatest  precipitation 
occurs  during  the  winter  months  and  the  summers  are  practically 
rainless,  irrigation  is  necessary  during  a  part,  at  least,  of  the  crop 
season.  Thus  the  distribution  by  months  is  almost  as  important  an 
element  as  the  total  quantity  occurring  during  the  year. 

The  accompanying  diagram,  fig.  2,  shows  the  quantity  and  average 
distribution  of  rainfall  by  months  at  a  number  of  selected  stations 
fairly  typical  of  the  State  as  a  whol^.  The  first  of  these  is  Galveston, 
on  the  coast,  in  the  eastern  part  of  the  State.     Here  the  average 
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rainfall  for  twenty-seven  years  is  49.6  inches, 
^ram,  the  months  of  heaviest  precipitation  are 
September  and  August,  but  in  every  month 
except  February  an  average  of  over  3  inches  of 
rain  has  fallen.  This  is  fairly  typical  of  the 
distribution  of  rainfall  along  the  Gulf  coast. 
The  diagram  next  above  this  is  for  Austin, 
where  the  average  rainfall  for  thirty-nine  years 
is  33.4  inches.  Here,  also,  there  is  an  excess  of 
precipitation  in  September,  and  a  second  maxi- 
mum in  May.  Relatively  to  these  months, 
June,  July,  and  August  are  somewhat  dry;  but 
in  every  month  throughout  the  year  there  has 
fallen  an  average  of  over  2  inches  of  rain. 

The  next  diagram  in  fig.  2  above  that  for 
Austin  is  that  for  Fort  Clark  or  Brackettville. 
This  is  constructed  from  the  average  for  twenty- 
nine  years.  The  mean  annual  rainfall  is  22.7 
inches.  Fort  Clark  is  remote  from  the  coast, 
and  the  distribution  of  its  rainfall,  though 
somewhat  similar  to  that  at  Austin,  having 
maxima  in  September  and  May,  shows  reduc- 
tion in  quantity,  esi)ecially  during  the  winter 
months.  Next  above  the  diagram  for  Fort 
Clark  is  that  for  Fort  Elliott,  situated  far  up 
in  the  Panhandle  of  Texas,  near  the  Oklahoma 
line.  Here  the  quantity  and  distribution  are 
fairly  typical  of  the  Great  Plains  area.  The 
diagram  is  derived  from  the  mean  of  observa- 
tions extending  over  eleven  years  and  giving 
an  annual  average  of  23.2  inches.  The  month 
of  greatest  rainfaU  is  May,  September  being 
below  the  average.  The  rainy  season  may  be 
said  to  extend  from  April  to  August. 

In  the  upper  part  of  fig.  2  are  two  diagrams 
illustrating  the  typical  distribution  of  rain  in 
Trans-Pecos  Texas.  This  has  been  named  by 
General  Greely  the  Mexican  type  of  rainfall.^ 
In  these,  particularly  in  the  diagram  for  Fort 
Davis,  obtained  from  twenty-six  years'  obser- 
vations, the  rainfall  is  seen  to  increase  regu- 
larly from  February  to  August  and  then  to 
decrease  rapidly  to  the  end  of  the  year.  The 
greater  part  of  the  precipitation  occurs  during 
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June,  July,  August,  and  September,  at  the  time  when  most  needed 
by  many  crops.  The  diagram  for  El  Paso,  from  thirty-six  years' 
averages,  shows  a  relatively  uniform  but  small  precipitation  through- 
out the  year,  with  the  exception  of  the  months  of  July,  August,  and 
September. 

CLIMATIC  AND   GEOGRAPHIC  DIVISIONS. 

In  order  to  discuss  the  present  condition  and  development  of  irri- 
gation in  Texas  it  is  essential  to  pursue  some  systematic  order  of 
arrangement  based  upon  climatic  or  geographic  factors.  The  simplest 
arrangement  is  that  of  taking  first  the  humid  region,  or  that  having 
40  inches  or  over  of  rainfall;  next  the  subhumid,  with  from  30  to  40 
inches;  then  the  semiarid,  with  from  20  to  30  inches  of  rain;  and  last 
the  more  arid  portions,  having  less  than  20  inches  of  annual  precipi- 
tation, this  being  in  the  western  part  of  the  State,  and  including  the 
Panhandle  and  Trans-Pecos  regions.  The  greater  part  of  the  irriga- 
tion works  are,  however,  in  the  southern  half  of  the  State,  or  near 
the  coast,  and  these  divisions,  especially  those  of  subhumid  and  semi- 
arid,  extending,  as  they  do,  in  a  north-south  direction,  though  simple, 
do  not  afford  a  wholly  satisfactory  grouping.  In  the  central  part  of 
the  State  the  irrigation  works  are  small,  and  there  is  no  essential  dif- 
ference between  those  in  the  more  humid  and  those  in  the  semiarid 
areas.  In  fact,  the  actual  amount  of  annual  precipitation  has  less  to 
do  with  the  necessity  for  artificially  applying  water  than  the  local 
conditions  of  soil  and  character  of  crops. 

From  the  above-mentioned  conditions  it  has  been  found  desirable 
to  adopt  a  somewhat  arbitraiy  classification,  based  partly  uiK>n  the 
distribution  of  rainfall  and  partly  upon  geographic  i)osition.  In  the 
following  pages,  therefore,  a  description  will  first  be  given  of  the  irri- 
gation plants  in  the  humid  area  near  the  coast,  particularly  those 
lying  within  50  miles  or  more  of  Galveston.  Next,  in  order  are  the 
small  irrigation  projects  scattered  about  the  center  of  the  State  from 
the  humid  areas  east  of  Brazos  River  westward  nearly  to  the  borders 
of  the  arid  region  and  southward  to  the  vicinity  of  Austin  and  San 
Marcos.  The  third  division  is  taken  to  include  the  old  irrigation 
works  at  San  Antonio,  with  small  irrigation  projects  found  at  inter- 
vals down  to  the  coast.  Next  in  order  to  these  are  the  irrigation 
works  planned  or  constructed  along  the  Nueces  River  and  the  lower 
Rio  Grande.  The  fifth  division  to  be  considered  is  that  of  the  Llano 
Estacado  and  adjacent  areas,  including  the  greater  part  of  Panhandle 
Texas;  then  the  lands  watered  by  the  Pecos  River,  and  finally  the 
irrigation  works  in  Trans-Pecos  Texas,  extending  to  the  extreme  west- 
erly end  at  El  Paso. 
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DESCRIPTION  OF  IRRIGATION  WORKS  AND  PROJECTS. 

EASTERN  GULF   COAST  REGION. 

The  hamid  part  of  the  State  may  be  considered  as  that  having  a 
mean  annual  precipitation  of  40  inches  or  more.  This  comprises  the 
greater  part  of  the  State  east  of  the  city  of  Dallas  and  of  the  lower 
Brazos  River.  The  rainfall  over  this  area  is  usually  abundant,  and 
irrigation  in  the  northern  and  central  portions  of  this  humid  region 
will  not  probably  become  of  any  considerable  importance,  but  in  the 
southern  end,  along  the  coast,  there  exist  large  tracts  of  land  adapted 
to  rice  growing,  and  the  greater  portion  of  this  will  probably  be  used 
for  this  purpose. 

This  land  is  mostly  a  flat  prairie,  locally  called  swale  land,  covered 
with  a  coarse  growth  of  grass  and  having  such  a  gentle  slope  toward 
the  sea  as  to  be  but  little  removed  from  a  marsh  during  a  large  part 
of  the  year.  It  extends  inland  for  several  miles  and  is  cut  by  numer- 
ous bayous,  in  which  the  tides  from  the  Gillf  ebb  and  flow  and  the 
waters  gradually  become  brackish  as  they  near  the  Gulf.  Most  of  the 
rice  farms  lie  along  these  bayous,  and  from  them  the  principal  sup- 
ply of  water  is  derived.  The  farms  are  so  located  as  to  insure  a  sup- 
ply of  fresh  water.  The  soil  along  the  bayous  is  much  richer  than 
the  prairies  and  yields  heavier  crops. 

The  manner  of  cultivating  and  irrigating  is  very  different  from  the 
South  Carolina  system,  where  the  water  is  held  by  artificial  storage 
reservoirs  or  raised  above  the  level  of  the  fields  by  the  action  of  the 
ocean  tides,  which  back  up  the  flow  of  the  rivers  at  each  tide  to  a 
height  sufficient  to  reach  the  fields.  In  this  part  of  Texas  storage  res- 
ervoirs are  used  in  only  a  few  cases,  most  of  the  fields  being  supplied 
by  pumps  placed  on  the  banks  of  the  bayous  and  operated  by  steam 
power.  The  land  is  laid  off  in  much  the  same  way  as  on  the  eastern 
plantations.  The  work  in  this  State  is  newer  and  therefore  rougher, 
but  the  main  features  are  the  same.  The  fields  are  surrounded  by 
low  levees  to  hold  the  water  on  the  land,  and  are  ditched  to  permit 
drainage  at  the  lowest  point. 

Nearly  all  of  the  land  planted  with  rice  is  irrigated,  as  those  who 
have  attempted  to  grow  it  without  irrigation  have  lost  their  crops  two 
years  out  of  five  and  made  oiily  very  short  crops  during  the  other 
three  years.  As  previously  stated,  the  water  is  supplied  to  the  fields 
by  pumps  run  by  steam  power,  rotary  pumps  of  the  Menge  pattern 
being  most  frequently  used.  These  are  operated  by  engines  of  from 
10  to  70  horsepower  or  more,  and  have  a  pumping  capacity  of  from 
1,500  to  8,000  gallons  per  minute,  or  from  3.34  to  17.82  second-feet. 
The  lift  varies  from  9  to  12  feet,  and  the  pumps  are  run  night  and 
day  during  the  irrigating  season,  which  lasts  from  sixty  to  ninety 
days,  thus  delivering  from  400  to  3,000  acre-feet  of  water.  For  the 
prairie  farms  the  water  is  carried  in  canals,  either  on  the  surface  or 
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excavated  but  little  below  it  and  confined  by  levee  walls  on  each  side, 
for  a  distance  sometimes  of  1^  miles. 

The  area  in  rice  is  increasing  rapidly.  One  planter,  Mr.  J.  E.  Brons- 
sard,  of  Beaumont,  has  750  acrei^  this  season  (1897),  whereas  last  sea- 
son he  had  but  250  acres.  He  estimates  that  the  total  area  watered 
from  Tayloi-s  Bayou  alone,  in  Jefferson  County,  in  1897,  was  8,500 acres. 
From  his  statements  the  following  facts  were  derived:  Planting  of 
early  rice  is  begun  in  March,  from  about  the  15th  to  the  25th,  if  ground 
and  weather  are  suitable,  and  continued  until  the  1st  of  June.  Many 
persons  plant  as  late  as  the  15th  of  June,  but  this  is  probably  too  late 
to  make  a  good  crop.  As  soon  as  the  rice  is  up  to  a  height  of  6  or  8 
inches,  if  the  ground  becomes  too  dry  for  it  to  grow  well,  the  usual 
practice  is  to  give  it  a  good  soaking,  but  not  to  hold  the  water  very 
deep  upon  it  the  first  time.  As  soon  as  the  rice  becomes  well  rooted, 
the  land  is  flooded  and  the  attempt  is  made  to  keep  it  in  this  condi- 
tion until  the  rice  is  ready  for  harvest.  Most  farmers  turn  the  water 
off  about  two  weeks  before  harvesting,  although  there  is  considerable 
difference  in  this  matter.  The  size  of  field  inclosed  under  each  set  of 
levees  depends  altogether  on  the  lay  of  the  land;  if  very  level,  there 
may  be  as  much  as  50  acres  in  one  '^cut,"  but  where  the  land  has 
much  fall  the  average  piece  under  one  set  of  levees  will  be  about  5  to 
8  acres.  The  lands  are  so  level  that  when  the  water  is  from  4  to  6 
inches  deep  over  the  lowest  part  it  will  wet  the  highest  portions.  The 
depth  of  flooding  rice  in  this  section  is  about  5  or  6  inches;  some 
farmers  prefer  deeper  water,  while  others  do  not  care  for  so  much. 
Experience  has  shown  that  when  water  is  held  very  deep  on  rice  all 
the  time  the  quality  of  the  grain  is  not  so  good;  it  is  sufficiently  heavy 
but  is  somewhat  "  chalky."  There  are  several  farms  that  have  from 
500  to  1,000  acres  under  cultivation  in  rice.  The  average  yield  is 
reported  to  be  40  bushels  to  the  acre  of  rough  rice,  or  10  barrels  of 
clean.  One  hundred  pounds  of  rough  grain  will  make  about  72  i>oundB 
of  clean  rice. 

Mr.  F.  H.  Catron,  of  Orange,  has  been  one  of  the  most  successful 
planters.  He  has  been  irrigating  since  1891  with  a  Menge  pump, 
operated  by  a  50-horsepower  steam  engine,  pumping  from  a  bayou 
into  a  surface  ditch  1  mile  long  and  20  feet  wide,  the  lift  being  about 
8  feet.  The  total  cost  of  the  canal  levees  and  ditches  was  $5,000,  and 
the  engine  and  other  parts  of  the  pumping  plant  cost  $1,500.  The 
pumping  capacity  is  5,000  gallons  per  minute,  or  11.14  second-feet. 
In  1896  he  irrigated  500  acres  of  rice. 

Irrigation  of  orchards  and  gardens  is  resorted  to  in  this  humid 
region,  particularly  in  the  vicinity  of  Galveston  and  Houston.  This 
is  due  largely  to  the  fact  that  artesian  water  can  be  had,  and  the  land 
is  so  nearly  level  that  water  can  be  readily  applied.  In  spite  of  the 
abundant  rainfall,  experience  has  shown  that  fruit  and  garden  crops 
are  greatly  improved  in  quantity  and  quality  by  the  application  of 
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moisture  during  a  portion  of  the  year,  particularly  at  times  of  sum- 
mer drought.  Operations  on  a  considerable  scale  have  not  been 
attempted,  but  many  small  gardens  are  being  watered.  Nearly  all  of 
this  land  requires  drainage,  and  this  is  especially  the  case  when  irri- 
gation is  introduced.  The  prairie  land  in  this  region  is  not  notably 
rich,  but  it  is  easily  worked,  and  as  a  rule  ground  water  is  near  the 
surface. 

The  source  of  water  for  the  city  of  Galveston  is  at  the  suburban 
town  of  Alta  Loma,  18  miles  distant  from  Galveston.  Here  are  27 
wells  7  inches  in  diameter  and  3  wells  9  inches  in  diameter,  from  750 
to  850  feet  deep,  all  located  in  a  direct  north-south  line,  300  to  750  feet 
apart,  making  a  total  distance  from  end  to  end  of  16,350  feet.  The 
wells,  at  2  feet  above  the  ground,  showed  a  static  pressure  of  from  5 
to  7  pounds  per  square  inch.  Water  is  derived  from  several  horizons, 
and  the  combined  flow  is  12  million  gallons  per  day,  or  18.60  second- 
feet.  The  pressure  is  sufficient  to  deliver  5  million  gallons  daily,  or 
7.73  second-feet,  at  the  city  of  Galveston,  18  miles  away,  through  a 
30-inch  pipe  having  a  fall  of  1  foot  to  the  mile.  A  portion  of  this 
30-inch  pipe  is  depressed  about  10  feet  for  a  distance  of  2i  miles,  from 
the  mainland  to  the  island,  under  West  Galveston  Bay.  These  wells 
have  been  flowing  for  three  years.  The  cost  for  the  installation  of 
the  entire  plant  was  $790,000.  Analysis  shows  that  the  water  is 
usually  pure,  and  the  people  of  Galveston  are  highly  gratified  in 
having  a  water  supply  of  such  excellence.^ 

The  water-bearing  strata  underlying  this  portion  of  Texas  are  so 
uniform  in  character  that  contractors  do  not  hesitate  to  guarantee  a 
flow  of  from  25,000  to  50,000  gallons  daily,  or  0.04  to  0.08  second-feet, 
for  a  specified  size  of  well  at  any  point  in  or  near  Galveston  County. 
There  are  5  artesian  wells  at  and  about  Clear  Creek,  1  at  Shell  Siding, 
10  in  the  vicinity  of  Dickinson,  2  at  North  Galveston,  1  at  Texas  City, 
several  at  Hitchcock,  2  or  3  at  Alta  Loma  in  addition  to  those  already 
mentioned,  and  2  at  Arcadia,  making  a  total  of  not  fewer  than  55  for 
the  county.  In  some  localities  sufficient  flow  for  smaller  wells  is 
obtained  at  a  depth  of  490  feet,  though  occasionally  the  extreme 
depth  of  from  1,000  to  1,100  feet  is  required. 

Water  for  irrigation  is  also  provided  by  using  windmills.  There  is 
a  stratum  of  water-bearing  sand  at  a  depth  of  from  30  to  60  feet 
which  furnishes  an  abundant  supply  for  irrigation  by  the  smaller  land 
holders  and  market  gardeners.  For  example,  Mr.  H.  Sampson,  an 
orchardist  near  Alvin,  has  a  surface  well  12  inches  in  diameter  and 
36  feet  deep,  in  which  he  put  an  8-inch  tubing.  He  asserts  that  from 
15,000  \o  30,000  gallons  can  be  pumped  from  it  daily  by  a  windmill  of 
sufficient  size.  Within  the  town  limits  of  Alvin,  Mr.  W.  H.  Nash  has 
a  similar  well  which  he  states  has  never  been  pumped  dry  by  a  10-foot 
windmill.     He  irrigates  all  the  berry  and  garden  crops  which  he 
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thinks  it  advisable  to  grow  in  between  the  trees  of  a  10-acre  bearing 
I>ear  orchard. 

This  will  convey  a  brief  but  positively  reliable  idea  of  the  under- 
lying water  supply  of  the  Texas  coast  for  irrigation  purposes.  It 
remains  to  add  a  word  concerning  the  use  of  water  for  irrigation  pur- 
poses in  this  section.  The  structure  of  the  soil  is  somewhat  peculiar 
in  that  it  is  naturally  subirrigated;  that  is  to  say,  there  is  plenty  of 
water  within  from  7  to  15  feet  of  the  surface.  An  ordinary  barn- 
yard well  does  not  exceed  in  most  instances  10  to  12  feet  in  depth. 
Almost  all  the  varieties  of  trees  planted  in  the  orchards  here  readily 
send  their  roots  to  this  and  greater  depths,  and  hence  for  commercial 
orchards  irrigation  is  not  essential.  This  is  especially  true  if  timely, 
judicious,  and  frequent  cultivation  be  given.  With  the  berry  grower 
and  market  gardener  the  conditions  are  different.  His  crops  must  be 
made  within  a  specified  period  to  obtain  the  best  results  and  greatest 
returns.  To  accomplish  this  it  is  essential  that  a  good  supply  of  water 
be  at  command  to  force  the  crops  when  conditions  of  great  heat  and 
drought  develop.  At  the  same  time  it  should  be  noted  that  perhaps 
90  per  cent  of  the  berry  growers  and  gardeners  have  not  yet  provided 
irrigation  works,  and  they  have  been,  in  a  measure,  doing  business 
with  a  small  but  very  uncertain  margin  of  profit.  They  have  hoped 
each  year  that  it  would  not  be  necessary  for  them  to  irrigate.  Two 
successive  seasons  of  drought,  however,  have  induced  them  to  prepare 
to  avail  themselves  of  the  ample  supply  of  water.  Within  two  years 
from  this  time  probably  the  greater  part  of  the  most  intelligent  berry 
and  truck  growers  will  be  fully  equipped  with  an  irrigation  plant  of 
some  description. 

The  advantages  of  having  irrigation  facilities  were  abundantly 
illustrated  in  1896.  Those  who  had  such  equipments  were  not  only 
selling  more  products  at  the  same  time  that  their  neighbors  were 
offering  theirs,  but  were  selling  long  and  profitably  after  their  less 
fortunate  comx>etitors  could  not  produce  sufficiently  to  make  an 
attempt  at  marketing  advisable.  This  is  especially  noteworthy  in 
the  case  of  the  strawberry  growers  in  the  coast  country. 

CENTRAL  TEXAS. 

This  second  division  has  been  arbitrarily  drawn  to  include  the  irri- 
gation plants,  mostly  small  in  size,  situated  within  the  central  part  of 
Texas,  from  about  the  vicinity  of  Brazos  River  westerly  to  the  edge 
of  the  arid  region,  and  from  the  vicinity  of  Austin,  on  the  south, 
northerly  through  the  State.  This  area  falls  between  the  lines  of 
mean  annual  precipitation  of  20  and  40  inches,  and  thus  includes  the 
tract  of  country  having  sufficient  rainfall  to  raise  crops  in  ordinary 
seasons.  The  precipitation  is  fairly  uniformly  distributed  by  months, 
as  shown  by  the  diagram  of  mean  monthly  rainfall  at  Austin  in  fig.  2 
(p.  23).    The  black,  waxy  soil  which  covers  a  considerable  portion  of 
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this  district  is  retentive  of  moisture  and  resists  droughts,  as  does  the 
land  along  the  Brazos  and  Colorado  river  bottoms,  located  mainly 
within  this  area.  The  region  to  the  south  and  southeast  of  Austin, 
although  having  the  same  mean  annual  precipitation,  has  not  been 
included  in  this  division,  because  the  rapidly  increasing  temperature 
toward  the  Gulf,  as  well  as  the  different  character  of  the  soil,  renders 
irrigation  somewhat  more  essential  and  its  development  is  more  nearly 
comparable  to  that  of  the  arid  region  to  the  west. 

In  this  central  portion  of  Texas,  where  crops  are  raised  successfully 
each  year,  irrigation  is  not  felt  to  be  a  necessity  except  by  truck 
farmers  and  nursery  men,  and  many  of  these  have  introduced  it  in  a 
somewhat  experimental  way.  The  results,  however,  demonstrate  its 
value,  and  this  method  of  cultivating  the  soil  is  being  extended. 
Water  is  usually  obtained  from  a  well  or  small  storage  reservoir,  and 
pumped  by  means  of  a  windmill,  or  occasionally  by  a  small  steam 
engine. 

The  most  easterly  of  the  irrigation  works  in  this  section  are  those 
at  Mexia,  near  the  head  of  Navasota  River,  a  tributary  of  the  Brazos, 
and  near  Bryan,  on  Brazos  River,  at  the  State  Agricultural  and 
Mechanical  College.  At  this  latter  point  storm  waters  are  impounded 
in  a  reservoir  formed  by  building  an  earthen  dam  10  feet  in  height 
and  100  feet  long  across  a  small  draw.  This  covers  about  1  acre,  and 
from  it  so  far  about  7  acres  have  been  regularly  irrigated,  the  crops 
watered  being  garden  truck  and  alfalfa.  In  addition  to  the  storm 
waters,  the  reservoir  is  so  situated  as  to  receive  the  waste  water  from 
the  college  ice  factory  and  from  the  natatorium  when  necessary,  but 
as  this  water,  coming  from  an  artesian  well,  carries  in  solution  con- 
siderable mineral  matter,  it  is  not  allowed  to  enter  the  reservoir  to 
any  considerable  extent. 

At  Mexia,  in  Limestone  County,  J.  W.  Stubenrauch  has  been  very 
successful  in  the  use  of  a  small  irrigation  plant  for  fruits  and  vegeta- 
bles. This  consists  of  a  dam  across  a  ravine,  catching  the  storm 
waters  and  forming  a  tank  covering  about  an  acre  of  ground.  From 
this  the  water  is  lifted  to  a  height  of  25  feet  by  an  8-foot  windmill 
into  an  earthen  reservoir  50  feet  long  and  100  feet  wide.  This  reser- 
voir is  now  being  enlarged  to  have  double  the  present  capacity.  The 
total  cost  of  the  system  was  $300,  including  700  feet  of  piping;  7  acres 
have  been  irrigated,  but  it  is  estimated  that  15  acres  could  be  watered. 
Mr.  Stubenrauch  is  also  putting  in  another  system  with  a  reservoir 
covering  an  acre  of  ground,  the  dam  having  a  height  of  5  feet  above 
the  outlet  pipe,  for  filling  which  he  will  use  a  12-foot  wheel.  This  he 
expects  will  enable  him  to  irrigate  30  acres  at  one  time.  He  states 
that  the  total  cost,  including  600  feet  of  2-^inch  pipe  for  discharging 
the  water  into  the  reservoir,  was  $485.  He  pumps  from  a  storage 
tank  made  by  damming  a  big  ravine. 

In  the  northern  end  of  this  district — that  is,  north  of  the  Colorado 
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River — ^irrigation  is  little  practiced.  There  is  a  well-developed  plan 
to  irrigate  a  large  tract  of  exceptionally  fertile  land  in  the  Wichita 
River  Valley.  The  storm  flow  of  this  river  is  to  be  stored  at  a  favor- 
able site  about  midway  of  its  course.  The  catchment  area  above  this 
storage  basin  will  be  about  1^  million  acres.  The  area  to  be  irrigated 
is  about  270,000  acres. 

Careful  flood-flow  determinations  indicate  that  the  supply  is  largely 
in  excess  of  requirements.  The  region  has  a  rainfall  of  about  28 
inches,  which  it  is  necessary  merely  to  supplement.  That  is,  the  duty 
of  water  here  will  be  comparatively  large.  In  fact,  the  greater  part 
of  the  area  is  at  present  utilized  as  farm  land.  But,  though  the  lands 
are  rich  and  easily  tillable  and  the  average  yield  is  considerable, 
there  is  yet  a  disastrous  variability  of  yield  on  account  of  droughts. 
Therefore,  relating  to  a  subhumid  rather  than  to  an  arid  region,  the 
project  will  have  this  advantage  over  irrigation  undertakings  in  the 
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arid  lands  proper,  that  the  amount  of  water  needed  for  abundant  crop 
yield  is  comparatively  small.  The  plan,  which  has  been  developed 
fully,  is  based  upon  careful  and  elaborate  engineering  work.  Before 
the  present  reservoir  site  was  chosen,  other  possible  sites,  along  the 
Pease  River  to  the  north  and  the  Brazos  River  to  the  south,  were 
examined  with  a  view  to  diversion  of  these  streams  to  the  same  lands. 
The  present  selection  appears  to  be  an  exceptionally  fortunate  one. 
The  depth  to  bed  rock  at  the  dam  site  is  slight  and  the  river  valley 
here  is  constricted  to  a  canyon. 

The  dam  is  to  be  of  earth,  80  feet  high,  designed  to  hold  water  to  a 
depth  of  70  feet.  Both  spillway  and  outlet  are  to  one  side,  well  away 
from  the  dam — the  spillway  over  bed  rock,  the  outlet  through  a  tun- 
nel in  bed  rock.  The  capacity  of  the  reservoir  will  be  about  12,000 
million  cubic  feet,  or  about  275,000  acre-feet.  There  will  be  two 
canals,  designed  to  irrigate  both  slqpes  of  the  Wichita  Valley.  At 
their  head  these  canals  will  have  a  width  at  bottom  of  40  feet,  a  depth 
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of  8  feet,  and  a  grade  of  1  foot  to  5,000  feet.    The  total  cost  is  estimated 
at  a  little  over  tljOOOjOOO. 

Careful  determinations  of  flood  flow  made  by  the  company's  engi- 
neer, Murray  Harris,  indicate  that  the  supply  is  much  more  than 
ample.     They  are  as  follows: 

Acre-feet 
During  the  first  week  in  January,  1897 ,  about 59, 687 

From  March  28  to  April  4, 1897,  about 98,714 

From  April  25  to  April  29, 1897,  about 174,472 

From  April  29  to  May  15, 1897 880,579 

Total 663,452 

Farther  south,  near  Brazos  River,  in  Young  County,  not  far  from 
Graham,  are  reported  two  small  gardens  irrigated  by  windmills,  such 
as  are  found  scattered  all  through  the  semiarid  region. 

The  Lytic  Water  Company,  in  1897,  began  to  build  a  dam  across 
Lytic  Creek  at  Abilene,  in  Taylor  County,  the  main  object  being  to 
furnish  good  water  to  the  town,  but  it  is  also  expected  to  irrigate  300 
acres  by  a  canal  1^  miles  long.  The  dam  is  of  earth,  riprapped  with 
rock  on  the  inner  slope  and  sodded  on  the  outer.  It  is  800  feet  long, 
raises  the  water  15  feet,  and  has  a  masonry  spillway  of  300  feet.  The 
total  cost  of  the  plant  will  be  about  •25,000.  The  reservoir  formed 
by  the  dam  will  cover  120  acres  and  have  a  capacity  of  300  million 
gallons,  or  920  acre-feet. 

On  the  ranch  of  Hugh  Lewis,  8  miles  north  of  Ballinger,  in  Run- 
nels County,  is  a  stone  dam  built  in  1896  across  a  small  creek  which 
originates  in  a  spring  a  short  distance  above.  The  dam  is  80  feet 
long,  raises  the  water  6  feet,  and  supplies  a  ditch  some  200  yards  in 
length.  Ten  acres  in  fruit  and  vegetables  were  irrigated  in  1896, 
but  at  least  50  acres  could  be  covered.  The  total  cost  was  from  $150 
to  $200. 

In  Tom  Green  and  Irion  counties  the  water  facilities  furnished  by  the 
Concho  River  and  its  numerous  branches  and  tributaries  are  among 
the  finest  to  be  found  anywhere.  These  have  only  been  partially 
used  by  individuals  and  small  companies  in  separate  S3^stems,  mak- 
ing the  cost  of  maintenance  much  greater  than  if  consolidated. 
Nevertheless,  they  have  been  fairly  successful,  and  have  certainly 
reduced  the  cost  of  living  in  that  section,  making  foodstuffs,  espe- 
cially vegetables,  much  cheaper  and  more  abundant.  There  are  ten 
of  these  plants  reporticd  in  those  two  counties;  three  on  the  South 
Concho,  one  on  the  Main  Concho,  and  two  each  on  the  North  Concho, 
Spring  Creek,  and  Dove  Creek.  The  total  area  irrigated  is  3,200  acres, 
2,000  being  in  Tom  Green  County  and  1,200  in  Irion  County. 

The  plants  of  C.  B.  Metcalfe,  of  San  Angelo,  and  J.  J.  Glenn,  of 
Water  Valley,  may  be  taken  as  types  of  the  systems  in  vogue.  Mr. 
Metcalfe's  canal  takes  its  water  from  the  east  bank  of  the  South 
Concho  River  12  miles  south  of  San  Angelo.     It  is  4  miles  long,  with 
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an  average  top  width  of  12  feet,  bottom  width  8  feet,  and  depth  of 
water  1.5  feet.  It  was  begun  in  1887  and  the  first  mile  was  completed 
the  next  year,  but  it  was  not  entirely  completed  until  1896.  It 
takes  its  water  by  means  of  a  brush-and-stone  dam  200  feet  long 
and  7  feet  high,  which  extends  across  the  river  and  cost  about  $500. 
The  main  ditch  cost  $500  to  the  mile,  and  the  laterals,  of  which 
there  are  three,  cost  $250  to  the  mile,  making  a  total  cost,  with 
incidentals,  of  $7  to  each  of  the  470  acres  now  irrigated.  The 
repairs,  which  are  maintained  by  the  tenants,  may  be  estimated  as 
amounting  in  labor  to  75  cents  per  acre.  The  crops  irrigated  in  1896 
were:  Johnson  grass,  40  acres;  cotton,  120  acres;  com,  oats,  wheat, 
truck,  etc.,  220  acres;  total,  380  acres. 

The  ditch  of  J.  J.  Glenn  is  located  on  the  North  Concho  1^  miles 
west  of  Water  Valley,  and  is  3  miles  long,  8  feet  wide  on  top,  4  feet 
wide  on  bottom,  and  2^  feet  deep.  It  was  first  used  in  1886,  and  is 
supplied  with  water  by  a  rock  dam  across  the  river,  100  feet  long, 
with  an  average  height  of  8  feet.  The  total  cost  of  the  system  was 
$3,500,  and  it  commands  350  acres,  of  which  250  have  been  irrigated, 
two-thirds  in  cotton  and  the  remainder  in  the  different  sorghums  and 
oats. 

The  most  successful  field  crops  in  this  region  are  oats  and  cotton, 
the  former  producing  from  30  to  90  bushels  with  great  certainty,  and 
the  latter  usually  1  and  sometimes  1^  bales  to  the  acre.  Ck>m  is  a 
poor  crop,  by  reason  of  the  dry  winds,  but  sweet  potatoes,  melons, 
and  celery  do  very  well,  especially  the  last  named. 

In  Sterling  County  there  are  two  systems  on  Concho  River,  only 
one  of  which  has  been  reported  in  full.  It  is  located  5  miles  from 
Sterling  City  and  is  owned  by  the  McGee  Irrigation  Company.  The 
main  ditch  is  2  miles  long,  has  a  top  width  of  6  feet,  is  4  feet  wide  at 
the  bottom,  and  carries  about  1  foot  of  water.  It  was  begun  in  1892 
and  first  used  in  1894.  The  water  is  raised  by  a  loose-rock  dam,  125 
feet  long  and  6  feet  high,  built  across  the  river.  The  total  cost  was 
$1,500,  and  it  commands  250  acres,  only  75  of  which  are  really  irri- 
gated. The  principal  crox>s,  in  the  order  of  their  importance,  were 
cotton,  corn,  sorghum,  oats,  sweet  potatoes,  alfalfa,  and  vegetables. 
Repairs  are  maintained  by  each  stockholder  doing  his  share  of  the 
work  on  the  ditch. 

At  Brownwood,  in  Brown  County,  about  120  miles  east  of  the  above 
works,  considerable  interest  has  been  taken  in  irrigation  during  the 
last  few  years,  there  being  a  large  area  well  located  for  irrigation  on 
a  considerable  scale.  This  scheme  was  abandoned  for  lack  of  capital 
to  complete  it.  Meanwhile  several  steam  pumping  plants  have  been 
erected  for  irrigating  smaller  areas.  The  most  important  is  that  of 
the  Swinden  Pecan  Orchard  Company.  This  consists  of  a  centrifugal 
pomp  operated  by  an  80-horsepower  engine  and  pumping  3,000  gal- 
lons per  minute,  or  6.84  second-feet.    The  water  is  carried  by  a  flume 
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4,000  feet  long  to  a  reservoir  formed  by  building  an  earthen  dam 
4,000  feet  long  and  with  a  height  varying  from  2  to  15  feet.  The 
dam  is  at  the  foot  of  gently  sloping  land,  and  forms  a  triangular 
reservoir  covering  55  acres.  The  reservoir  is  designed  to  irrigate 
the  400  acres  of  level  land  lying  between  it  and  Pecan  Bayou,  from 
which  the  water  is  pumped  to  fill  it.  A  small  stream  is  also  dammed 
and  turned  into  the  reservoir.  The  400  acres  commanded  by  the 
reservoir  are  planted  in  pecan  trees,  making  the  largest  orchard  of 
this  kind  in  the  world.  The  irrigation  plant  was  put  in  mainly  to 
enable  the  owners  to  practice  truck  farming  and  small  fruit  growing 
between  the  rows  of  trees  while  waiting  for  the  latter  to  mature. 
The  soil  is  a  rich  black  and  chocolate  loam.  The  great  mistake  that 
has  been  made  in  this  plant  is  in  having  the  reservoir  so  large  and 
shallow.  Evaporation  and  seepage  are  in  this  way  so  increased  as  to 
become  a  serious  source  of  loss. 

Immediately  east  of  this,  in  Mills  County,  are  several  pumping 
plants  on  Colorado  River.  That  of  J.  B.  Baker,  11  miles  southwest 
of  Goldthwaite,  was  completed  in  1896,  and  consists  of  a  32-horsepower 
boiler  operating  a  Worthington  pump.  The  plant  cost  $2,000,  and 
the  expense  of  operating  it  is  about  $7  a  day  of  twelve  hours.  It  has 
a  capacity  of  1,220  gallons  per  minute,  or  2.72  second-feet,  and  com* 
mands  80  acres,  75  of  which  were  irrigated.  The  crops  raised  were 
com,  cotton,  and  oats.  J.  D.  Willis,  of  Ratler,  has  attached  pumps 
with  a  capacity  of  50  gallons  per  minute,  or  0.11  second-foot,  to  the 
shafting  of  his  gin  and  grist  mill,  irrigating  5  acres  in  fruits  and  vege- 
tables. The  i)ower  is  furnished  by  a  turbine  under  a  5-foot  head  of 
wat^r  from  a  dam  300  feet  long  across  Colorado  River.  At  Regency, 
G.  W.  Alldridge,  with  a  20-horsepower  engine,  pumps  450  gallons  per 
minute,  or  1  second-foot,  and  reports  that  he  can  water  about  5 
acres  per  day,  which  would  give  50  to  75  acres  under  command  of  his 
pump.     None  of  these  men  use  reservoirs. 

On  the  south  side  of  Colorado  River,  in  San  Saba  County,  J.  H. 
Lindsey  owns  a  steam  pumping  plant  on  the  river,  20  miles  north  of 
San  Saba.  It  consists  of  a  30-horsepower  engine  and  a  pump  with  a 
capacity  of  840  gallons  per  minute,  or  1.87  second-feet.  The  plant 
cost  $2,000  and  is  worked  eleven  hours  a  day  at  an  expense  of  $3,  irri- 
gating 40  acres  in  com  and  cotton.  There  are  also  several  small  areas 
irrigated  in  this  county  from  the  numerous  springs  which  issue  from 
among  the  hills.  The  total  amount  of  these  is  250  acres.  Farther 
down  the  river,  in  Burnet  County,  the  only  irrigation  reported  is  one 
windmill  irrigating  a  garden  50  feet  long  and  150  broad,  and  also  1} 
acred  watered  by  a  spring  and  reservoir.     Both  are  very  successful. 

At  the  head  of  San  Saba  River,  in  Schleicher  County,  William  L. 
Black  has  been  irrigating  since  1894  with  a  plant  consisting  of  a 
S-horsepower  engine,  pumping  580  gallons  per  minute,  or  1.29  second- 
feet,  and  a  6-foot  overshot  wheel  with  a  capacity  of  167  gallons  per 
IRR13 3 
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minnte,  or  0.37  second-foot.  The  latter  is  run  day  and  night,  no 
reservoir  being  provided,  and  the  total  area  irrigated  is  50  acres,  in 
com,  potatoes,  and  sorghum.  With  his  water  wheel  he  uses  four 
10-inch  cylinders  worked  horizontally,  and  with  the  engine  a  link-belt 
box  elevator,  which  gives  satisfaction.  Farther  east,  in  Menard 
County,  on  San  Saba  River,  is  a  pumping  plant  owned  by  Emile 
Vanderstucken  and  consisting  of  an  IS-horsepower  steam  engine 
operating  by  a  belt  a  Menge  centrifugal  pump  with  a  capacity  of 
1,167  gallons  per  minute,  or  2.60  second-feet.  The  total  cost  of  the 
plant  was  $1,500.  No  reservoir  is  used,  the  water  being  carried  in  a 
flume  to  the  highest  point  on  the  land  and  distributed  by  ditches. 
On  account  of  the  abundance  of  rain  in  1897  it  was  used  but  very 
little.  In  1896  it  was  operated  from  March  to  September,  irrigating 
100  acres  and  making  good  crops,  with  practically  no  rain. 

The  following  description  relating  to  the  condition  of  irrigation  in 
the  vicinity  of  Menardville  is  taken  from  a  statement  prepared  by 
Mr.  Robert  S.  Dod,  of  Brady,  Texas,  county  surveyor  of  MoCulloch 
County.  This  method  of  agriculture  has  been  a  great  success  in  this 
vicinity,  as  is  evident  to  anyone  passing  through  the  county  exam- 
ining the  fields  and  conversing  with  the  farmers.  The  system  has 
not  always  been  successful,  but  early  failures  were  mainly  the  result 
of  inexperience  and  arose  from  accidental  and  not  from  essential 
defects.  Mistakes  have  been  gradually  remedied,  and  by  well-directed 
energy  and  enterprise  great  improvements  have  been  brought  about, 
progress  being  still  made  toward  even  better  methods. 

On  crossing  San  Saba  River  5  miles  below  Menardville,  the  traveler 
enters  upon  the  irrigated  part  of  the  narrow  valley  lying  between  the 
river  and  the  low  hills,  and  is  impressed  by  the  signs  of  energy  and 
activity.  The  fences  are  good  and  in  repair;  the  gat-es  have  two 
hinges  and  swing  clear  of  the  ground;  the  fields  are  clear  of  grubs 
and  clean  of  weeds;  the  ditches  are  straight  and  well  shaped  and 
clean;  the  cotton  as  seen  when  visited  stood  28  to  30  inches  high  all 
over  the  fields,  of  good  color  and  as  clean  as  possible.  The  com  was 
10  feet  high  or  over,  and  the  dark  green  of  its  leaves  was  accounted 
for  by  the  water  running  in  the  furrows  at  its  root4s.  To  the  right  was 
an  orchard  of  x)each  trees  filled  with  fruit,  and  beyond  this  a  stubble 
field  already  plowed  and  harrowed,  ready  for  reseediiig  for  another 
harvest.  Near  this  field  stood  the  stacks,  the  proof  of  the  success  of 
that  crop  at  least,  yielding  their  stores  of  grain  to  the  efforts  of  the 
busy  crowd  about  the  thrasher.  The  active  movements  of  the  men 
at  work  there  and  in  the  neighboring  fields,  and  the  rate  at  which  the 
teams  traveled  carrying  the  grain  to  the  barn  and  returning  to  the  field, 
showed  that  the  success  apparent  everywhere  was  due  to  systematic, 
well-directed  effort — ^the  kind  of  effort  that  men  put  forth  when  reason- 
ably certain  of  the  reward  of  their  labor.  Such  animation  men  do  not 
display  when  disappointment  and  failure  year  after  year  have  sapped 
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their  enex^  and  made  them  cynically  hopeless  of  success,  when  under 
"dry  farming"  they  have  degenerated  into  the  almost  brutish  atti- 
tude of  contentment  with  surroundings  that  could  be  improved  and 
toleration  of  losses  that  might  be  avoided. 

All  the  way  from  the  river  to  Menardville  the  road  passes  through 
irrigated  farms  showing  suc^sess  in  propoHion  to  the  amount  of  care 
and  labor  expended  on  them.  The  vegetable  gardens,  the  orchards, 
the  green  lawns,  and  the  flowers  and  vines  around  the  houses  make  this 
valley  the  picture  of  contented  prosperity.  The  farmers  with  whom 
conversation  was  had  gave  many  facts  applicable  in  contrasting  their 
methods  and  results  with  those  of  the  dry-land  farmer.  They  raise 
from  1  to  2  bales  of  cotton  per  acre,  the  difference  in  yield  depending 
largely  on  how  much  damage  the  worms  do  in  a  given  season  and 
how  much  rain  falls  in  August.  The  drier  this  month  the  better  the 
cotton  crop.  On  new  land  with  few  worms  and  a  dry  August  2  bales 
would  be  expected.  Their  com  yields  from  40  to  80  bushels  per  acre. 
One  man  suggested  that  a  light  rain  or  shower  was  needed  when  the 
pollen  was  ripe  in  order  to  obtain  the  best  results.  Oats  yield  from 
50  to  80  bushelfi  per  acre.  During  the  years  from  about  1888  to  1895 
the  farmers  irrigating  in  Menard  County  were  raising  from  1  to  2  bales 
of  cotton  to  the  acre,  40  to  50  bushels  of  com,  and  80  or  more  of  oats, 
while  in  contrast  to  this  their  neighbors  without  irrigation  were  work- 
ing perhaps  equally  as  hard,  bringing  together  what  little  cane  and 
fodder  could  be  raised  to  save  the  stock  from  starving  to  death,  and 
producing  only  enough  marketable  stuff  to  keep  the  interest  on  the 
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mortgages  paid  up,  and  perhaps  not  even  that. 

These  beneficial  results  are  produced  by  a  little  water  and  a  deal  of 
hard  work.  The  water  rate  is  $2  per  inch,  and  1^  inches  will  irrigatiC 
an  acre  of  their  land,  so  that  12.50  per  acre  and  a  little  extra  work 
make  the  difference  between  one- third  of  a  bale  of  cotton  and  2  bales; 
between  no  corn  and  40  to  50  bushels;  between  80  bushels  of  oats  and 
a  dead  failure. 

It  has  been  proved  by  experience  that  one  man  can  not  give  proper 
attention  to  more  than  25  acres  of  this  irrigated  land.  He  will  need 
help  in  cultivating  if  he  plants  corn  and  cotton,  but  could  tend  rather 
more  land  put  in  small  grain.  He  will  require  for  these  crops  a  little 
over  an  inch  of  water  per  acre,  and  will  need  to  turn  the  water  on 
about  every  twenty  days. 

At  Menardville  com  and  cotton  are  irrigated  by  running  the  water 
down  the  furrows  between  the  rows  from  openings  in  the  ditch.  The 
amount  of  labor  required  for  the  operation  and  to  make  the  water  run 
properly  depends  upon  the  general  level  of  the  field  and  the  care  with 
which  the  furrows  are  laid  off  with  regard  to  the  slope.  Small  grain 
and  fodder  crops  are  laid  off  by  throwing  two  furrows  together,  back 
to  back,  as  a  border,  every  8  or  10  steps,  to  hold  the  water,  and  fiood- 
ing  the  land  between  these  borders.     Some  farmers  use  an  Acme 
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harrow  to  finish  off  the  land  after  planting,  running  it  between  the 
borders  so  that  the  small  furrows  left  by  it  help  in  directing  the  flow 
of  the  water. 

As  to  the  amount  of  water  required  per  acre,  one  man  who  irrigates 
40  acres  of  land  uses  40  inches  of  water,  and  occasionally  needs  a  little 
more.  On  another  farm  they  use  15  inches  of  water  on  12  acres  of 
garden  truck.  On  the  upper  part  of  the  ditch  above  town  the  water 
is  measured  and  distributed  by  the  inch;  that  is,  if  a  man  wants  20 
inches  of  water,  the  gate  opening  on  his  ditch  is  set  for  a  20-inch  flow 
and  so  remains  through  the  season,  giving  him  his  20-inch  constant 
flow.  From  town  down  they  use  the  water  in  rotation,  as,  owing  to  a 
mistake  originally  made  in  laying  out  the  distributaries,  the  use  of 
water  above  interferes  with  the  flow  below.  So  they  alternate  every 
seven  days,  those  above  using  all  the  water  that  reaches  them  for 
that  time,  and  then  the  lower  owner  having  all  the  water  for  the  next 
seven  days;  this  farmer,  having  some  500  acres  under  irrigation,  dis- 
tributes the  water  over  them  as  necessary. 

The  amount  of  water  required  for  an  acre  of  ground  here  is  more 
than  that  needed  for  sandy  fields.  The  soil  at  Menardville  is  a  clayey 
loam  containing  a  large  proportion  of  lime.  Both  soils  require  the 
same  amount  of  water  for  the  first  irrigation,  but  the  sand  packs  and 
requires  less  at  each  succeeding  irrigation,  whereas  it  is  claimed  that 
the  limy  loam  seems  to  rise  instead  of  pack,  and  requires  as  much 
water  for  the  later  irrigation  as  for  the  first. 

The  ditch  which  supplies  these  farms  is  nearly  10  miles  long.  The 
dam  is  built  across  San  Saba  River  some  4  miles  above  Menardville 
and  returns  to  the  river  some  5  miles  below  the  town.  The  charter 
was  obtained  by  the  Vaughan  Agricultural  and  Improvement  Com- 
pany in  1874,  and  the  ditch  was  built  soon  after.  It  is  claimed  that 
this  company  put  $12,000  in  the  work.  This  was  excessive,  an  extra 
expense  being  incurred  by  the  refusal  of  right  of  way  in  one  instance, 
forcing  the  company  to  make  a  cut  16  feet  deep  and  several  hundred 
feet  long.  Further,  the  methods  of  work  were  rude  and  costly. 
Wheelbarrows  were  used  to  move  the  dirt,  and  in  the  cut  the  dirt 
was  thrown  on  staging  and  passed  from  man  to  man.  There  are  97 
shares  in  the  company,  valued  at  1180  each.  One  year  $1,200  was  spent 
in  improvement;  another  year  $1,000  in  the  same  way;  but  the  ditch 
pays  all  running  expenses,  cost  of  improvements,  and  10  per  cent  on 
the  shares  at  the  above  quotations. 

The  grade  of  the  ditch  after  construction  was  found  to  be  irregular 
and  unsuitable,  so  work  has  been  done  each  year — cutting  and  filUug, 
to  reduce  the  slope  above  Los  Mores  flume  to  a  nearly  uniform  grade 
of  30  inches  to  the  mile.  At  the  flume  is  a  fall  of  14  inches  in  128 
feet.  At  the  point  of  the  mountain  where  the  ditch  curves  with  the 
hill  and  runs  through  rock  it  is  lessened  in  size  and  has  a  much 
steeper  grade.    The  grade  of  30  inches  to  the  mile  was  established 
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experimentally,  and  satisfies  as  nearly  as  possible  the  necessity  of 
avoiding  silting  on  the  one  hand  and  ei*osion  on  the  other.  The  ditch 
mns  through  coarse  gravel  part  of  the  way,  and  there  is  a  heavy 
loss  from  x)ercolation. 

The  straightening  of  the  ditch,  reduction  of  the  grade,  and  tighten- 
ing of  the  dam  have  given  an  available  flow  of  water  sufficient  to  irri- 
gate 2,000  acres  of  land,  which  is  the  amount  estimated  to  be  under 
irrigation  from  this  ditch  at  the  present  time.  This  taxes  the  flow  to 
its  full  cai>acity. 

The  dam  is  built  of  rough  limestone  quarried  at  the  spot,  aver- 
aging, where  seen  on  the  front  of  the  dam,  2  by  3  feet  by  10  inches, 
laid  in  coui*ses  without  cement.  The. blocks  are  tied  by  bolts  fastened 
to  a  log  under  the  dam  at  the  bottom  and  passing  up  through  the 
dam  and  fastened  at  the  top  by  taps  to  cross-ties  lying  along  the  top. 
The  dam  is  slightly  concave  and  is  about  200  feet  long  and  5^  feet 
high  at  the  middle  of  the  front,  with  an  irregular  batter.  It  is  13^ 
feet  wide  on  top  at  the  center.  It  rests  partly  on  rock,  partly  on 
gravel,  and  is  backed  with  earth  with  a  slope  of  nearly  2  to  1. 

The  water  stands  within  a  few  inches  of  the  top  of  the  dam  and 
runs  over  at  every  rise  in  the  river.  There  must  be  10  or  12  feet  of 
water  passing  over  it  at  times,  judging  from  the  high-water  marks. 
Below  the  dam  is  a  pile  of  loose  bowlders  which  holds  the  leakage 
through  the  dam  and  forms  a  water  cushion  to  receive  the  fall.  The 
dirt  is  washed  from  the  back  of  the  dam  at  every  high  rise,  and  is  at 
once  replaced  when  the  rise  goes  down,  by  scraping  the  dirt  from  the 
north  side  of  the  river.  The  dam  backs  the  water  up  about  500 
yards,  the  deepest  hole  being  about  15  feet.  The  water  is  taken  out 
on  the  south  side  100  or  more  yards  above  the  dam  and  carried  in  a 
cut  to  the  sluice  gate  a  little  below  the  dam. 

A  section  of  the  ditch  made  a  few  hundred  yards  below  the  sluice 
gate  gave  the  following:  top,  15.2  feet;  bottom,  8  feet;  depth,  2. 7 feet; 
wetted  perimeter,  16.5  feet;  area,  29.83  square  feet;  maximum  surface 
velocity,  2.17  feet  per  second;  mean  velocity,  1.54  feet  per  second. 
The  velocity  was  measured  for  100  feet  above  and  below  the  section, 
where  there  was  no  very  great  difference  in  the  dimensions  of  the 
ditch.  The  fall  of  the  surface  was  found  to  be  at  this  point  0.1  foot  in 
195,  or  1  foot  in  1,950,  or  2.7  feet  in  a  mile.  This,  with  a  coefficient  of 
N=0.03,  would  give  a  velocity  of  1.57  feet  per  second,  which  is  very 
nearly  the  observed  velocity  of  flow.  This  gives  a  discharge  of  46 
cubic  feet  per  second,  or  2,300  inches,  estimating  50  inches  to  1  foot. 

Taking  the  estimated  acreage  irrigated  as  2,000  acres,  we  have  from 
our  calculated  flow  a  little  over  1  inch  per  acre,  which  is  the  allowance 
in  actual  use,  as  above  stated,  and  a  water  duty  of  44  acres  per  cubic 
foot  per  second  of  flow  for  the  water  entering  the  main  ditch.  These 
measurements  were  made  at  but  one  point  and  can  be  considered  as 
only  approximate  for  the  whole  ditch.     For  accuracy  they  should  be 
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repeated  at  a  nnmber  of  points  and  proper  allowance  made  (or  perco- 
lation and  leak^re.  In  general,  the  estimate  is  that  three  waterings 
of  4  inches  will  make  a  crop.  From  the  above  it  is  readUy  seen  that 
before  a  calculation  can  be  made  with  any  degree  of  certainty  as  to 
what  water  is  necessary  to  irrigate  s  crop  in  this  country,  there  ranst 
be  further  experiment  and  careful  consideration  arid  comparison  of 


— W&ter  wheel  Mid  wing  dam  tumtnfc  carrent 


soil  and  subsoil,  percolation,  evaporation,  and  the  best  method  of 
applying  the  water  to  the  crop.  The  duty  at  Menardville  is,  under 
the  present  system,  44  acres  per  cubic  foot  of  flow  per  second,  or  a 
trifle  under  li  inches  per  acre. 

At  San  Marcos  is  found  a  system  of  water  wheels  for  raising  water 
for  irrigation.     They  are  all  of  the  same  type,  consisting  of  an  under- 
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shot  wheel  of  a  size  varying  according  to  the  height  of  the  river  bank. 
The  wheel  is  run  by  the  direct  current  of  the  river,  which  is  quite 
swift,  and  is  brought  against  the  wheel  either  by  a  wing  dam  of  planks, 
which  turns  the  current  against  it,  or  by  a  ditch  taken  out  about  50 
or  100  yards  above.  The  river,  coming  from  immense  springs  which 
burst  out  about  three-quarters  of  a  mile  above  the  town,  as  shown  on 
PL  I,  is  not  subject  to  rises,  the  only  flood  on  record  having  occurred 
when  a  flood  in  the  Guadalupe  backed  up  the  water  of  the  San  Marcos 
for  eight  hours.  This  renders  secure  this  seemingly  unsafe  way  of 
locating  a  wheel.  There  are  three  of  these  wheels  on  the  river,  all 
used  by  truck  gardeners.  The  wheels  are  of  wood  and  are  the  sim- 
plest form  of  undershot  wheels,  with  a  metal  bucket  fastened  to  the 
perimeter  of  one  side  of  the  wheel,  in  front  of  each  paddle,  as  shown 
in  PI.  II  and  fig.  4.  These  buckets  fill  in  succession  as  the  wheel 
turns  and  empty  into  a  trough  above,  thus  raising  the  water  very 
nearly  to  the  height  of  the  diameter  of  the  wheel. 

The  wheel  owned  by  Capt.  John  Richards  (PI.  II)  is  the  oldest  and 
the  one  on  which  all  of  the  others  are  modeled.  He  states  that  before 
he  built  it  he  tried  a  number  of  pumps,  which  required  too  much 
attention  and  repairs,  and  afterwards  several  kinds  of  water  wheels^ 
with  no  satisfaction  until  he  finally  hit  on  the  present  arrangement  of 
his  buckets,  which  has  lasted  satisfactorily  for  about  ten  years.  The 
wheel  runs  day  and  night,  and  needs  no  attention  save  oiling  twice  a 
week.  It  is  20  feet  in  diameter  and  8  feet  wide,  and  is  supplied  with 
water  by  a  ditch  160  yards  long,  taken  directly  from  the  river  and 
running  through  low  ground  to  the  wheel.  It  pumps  into  an  artificial 
reservoir  of  about  50,000  gallons  capacity.  The  average  speed  is  three 
revolutions  per  minute,  and  in  that  time  it  raises  about  90  gallons,  or 
0.20  second-foot.  The  water  is  used  to  irrigate  3  acres  of  grapes  and 
vegetables  for  the  market. 

The  wheel  at  D.  C.  Garrett's  place,  shown  in  fig.  4,  is  larger  and 
carries  16  buckets  of  6  gallons  capacity,  pumping  on  an  average  144 
gallons  per  minute,  or  0.32  second-foot.  He  uses  no  reservoir  and 
irrigates  about  12  acres  in  vegetables. 

These  wheels  furnish  a  cheap  and  conveniefit  method  of  irrigation, 
being  easily  built,  and  running  expenses  being  practically  nothing. 
They  are  highly  successful  at  San  Marcos,  but  would  not  be  elsewhere 
where  the  conditions  are  not  similarly  favorable.  Here  the  river  has 
a  swift  flow  and  steep  banks,  from  which  the  wheel  may  be  hung  with 
relatively  Uttle  expense  for  scaffolding,  and  the  stream,  coming  from 
a  great  spring,  has  an  even  flow  summer  and  winter. 

At  Austin,  the  State  capital,  is  one  of  the  largest  hydraulic  works 
of  the  country,  impounding  water  of  Colorado  River.  Although  this 
was  built  primarily  for  the  purpose  of  furnishing  power,  there  was  at 
the  same  time  a  belief  that  the  surplus  water  could  be  used  for  irri- 
gation above  the  lowlands  along  the  river  at  times  of  summer  drought. 
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This  project  for  thus  employing  the  surplus  flow  of  the  stream  was 
abandoned,  if  not  completely  destroyed,  by  the  low  water  of  the  sum- 
mer of  1896,  when  the  surface  of  Lake  McDonald  was  lowered  some  6 
feet  below  the  crest  of  the  dam.  Thus,  although  there  is  an  immense 
amount  of  surplus  water  carried  by  the  river,  it  is  probable  that  other 
works  must  be  built  to  utilize  it,  for  the  steady  increase  of  demands 
for  power  tends  toward  the  requirement  that  the  stored  water  shall 
be  held  for  this  use  during  the  summer  months. 

The  dam  at  Austin  was  built  by  the  city  with  the  intention  of  sup- 
plying water  for  municipal  purposes  and  power  for  lighting  and  for 
manufactures.  It  is  located  at  a  point  about  2  miles  west  of  and 
above  the  city,  where  the  river  flows  in  a  narrow  valley  between  lime- 
stone cliffs.  At  this  point  the  Colorado  River  drains  about  40,000 
square  miles,  and  has  a  usual  summer  flow  of  1,000  second-feet.  In 
times  of  flood  it  rises  to  from  200,000  to  250,000  second-feet,  a  contin- 
gency which  necessitated  the  construction  of  a  strong  masonry  dam 
which  could  be  submerged  by  the  highest  floods. 

The  dam  is  1,150  feet  long,  with  the  crest  60  feet  above  low-water 
mark  and  having  a  maximum  height  of  70  feet.  It  is  66  feet  thick  at 
the  bottom  and  16  feet  wide  on  top,  constructed  of  solid  limestone 
rubble  laid  in  imported  Portland  cement,  faced  on  each  side  and  on 
the  top  with  cut  granite  blocks  from  the  same  quarries  that  furnished 
the  stone  for  the  State  capitol.  In  order  to  provide  for  the  great  vol- 
ume of  water  coming  down  the  river  in  flood  times  the  dam  was  so 
designed  as  to  allow  the  surplus  water  to  flow  over  it  in  a  sheet  of 
uniform  thickness  along  the  entire  length.  To  avoid  the  impact  and 
erosive  action  of  the  falling  water,  which  may  sometimes  be  as  much 
as  15  feet  in  depth  at  the  crest,  the  front  of  the  dam  was  given  the 
shape  of  a  reversed  curve  of  ogee  form.  This  allows  the  water  to 
glide  down  its  face  without  shock  and  expend  its  force  in  a  horizontal 
direction  against  the  pool  in  front  of  the  toe. 

There  are  three  iron  sluice  pipes  36  inches  in  diameter  inserted  in 
the  dam,  near  the  west  end,  for  use  in  possible  emergencies.  The  total 
cost  of  the  dam,  exclusive  of  the  sluice  pipes  and  engineering  expenses, 
was  $611,300;  the  latter  amounted  to  some  $58,000  more.  The  total 
cost  of  the  whole  enterprise,  including  dam,  power  house,  electric 
lighting,  and  waterworks  system,  was  nearly  $1,400,000.  Lake 
McDonald,  formed  by  the  dam,  is  over  25  miles  long  and  averages 
three-fourths  of  a  mile  wide.  The  power  available  is  estimated  at 
about  14,000  horsepower.  The  power  house,  shown  in  PI.  Ill,  is 
located  on  the  same  side  of  the  river  as  the  city  and  just  below  the 
dam.  The  water  is  carried  directly  to  the  turbines  through  iron  pen- 
stocks. 

The  water  for  the  city  is  pumped  from  the  lake  into  the  mains, 
the  pumps  being  directly  connected  with  the  turbines  operating  them. 
The  management  is  preparing,  however,  to  move  these  pumps  some 
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distance  down  the  river  to  beds  of  gravel  forming  nataral  filters, 
fix)m  which  perfectly  clear  water  can  be  obtained  at  all  times.  This 
is  the  same  water  as  that  in  Lake  McDonald,  but  it  is  parified  by 
filtering  through  these  beds.  It  will  be  obtained  by  sinking  cribs  in 
the  gravel  and  pumping  from  them  by  electrical  energy  transmitted 
from  the  i)ower  house.  At  present  the  amount  of  work  done  varies 
from  800  to  3,000  horsepower.  This  is  employed  for  waterworks  and 
electric  lighting,  and  for  running  all  the  car  lines  and  most  of  the 
manufacturing  enterprises  in  the  city,  such  as  planing  mills,  printing 
presses,  and  many  others.  It  has  been  demonstrated  that  it  is  cheaper 
for  a  man  who  uses  no  more  than  200  horsepower  to  rent  his  power 
from  the  city  in  the  form  of  electrical  energy  and  to  use  an  electric 
motor  instead  of  a  steam  engine. 

Up  to  the  present  time  most  of  the  earnings  of  the  plant  have  been 
spent  in  improving  and  adding  to  it;  but  it  is  hoped  that  in  the  near 
future  these  will  increase  and  materially  relieve  the  people  of  the 
heavy  burden  of  taxation  under  which  they  now  labor  and  enable 
them  to  pay  off  the  debt  incurred  in  construction. 

Another  notable  water  power  which  may  in  the  future  be  partly 
used  for  irrigation  is  that  supplied  by  the  Comal  Springs  at  New 
Braunfels.  These  springs  burst  from  the  base  of  the  hills  at  many 
points  for  a  distance  of  a  mile  or  more  and  form  the  head  waters  of 
Comal  River.  New  ones  can  be  made  at  any  time  by  blasting  in  the 
limestone  rock  along  the  line  of  those  already  existing.  The  fall  is 
so  great  for  the  first  half  mile  that  no  difficulty  is  found  in  carrying 
the  watfer  by  a  simple  canal  to  the  point  where  the  accumulated  flow 
can  be  utilized  to  good  advantage.  At  present  the  power  is  used  to 
operate  a  cottonseed-oil  mill,  a  flour  mill,  and  an  electric-light  plant 
owned  by  the  Landa  estate,  on  whose  property  the  springs  are  situ- 
ated. The  power  used  amounts  to  about  500  horsepower,  which  can 
be  increased  almost  indefinitely,  if  desired. 

SAN  ANTONIO  AND  VICINITY. 

Under  this  head  is  included  a  description  of  irrigation  works  at 
San  Antonio,  and  also  in  the  areas  southerly  and  southeasterly  near 
San  Antonio  and  Guadelupe  rivers  down  to  the  Gulf  coast.  The  irri- 
gation ditches  at  San  Antonio  are  historically  the  most  interesting  in 
the  State,  for  here  are  found  the  earliest  systems  and  structures,  which 
have  been  in  use  for  more  than  a  century.  Additional  interest  is 
derived  from  the  association  of  the  ditches  with  the  early  missions 
and  with  the  efforts  of  the  Franciscan  fathers  to  settle  the  Indians 
upon  these  lands  and  employ  them  in  agriculture.  The  old  missions, 
now  in  ruins,  were  rendered  habitable  by  these  ditches,  and  the  lands 
adjacent  were  the  garden  spot  of  the  frontier,  making  possible  the 
growth  of  the  city  which  now  is  the  center  of  civilization  and  trade  of 
the  Southwest.    These  ditches  are  now  almost  completely  concealed 
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by  the  ancient  trees  and  the  luxuriant  verdure  that  line  the  banks, 
and  through  the  lapse  of  time  they  have  assumed  the  character  of 
natural  drainage  channels,  so  that  it  is  almost  impossible  to  believe 
that  they  were  artificial  works.  The  facts  concerning  the  origin  and 
present  condition  of  these  ditcht^s  were  obtained  mainly  from  Mr,  Z.  O. 


Fio.  5.— Map  of  ditches  and  arteBian  weUs  at  San  Antonio. 

Stocker,  of  San  Antonio,  who  has  made  a  thorough  study  of  them, 
both  from  an  interest  in  the  subject  and  with  a  view  to  developing 
irrigation  enterprises  in  the  vicinity.  A  view  of  the  river,  illustrating 
its  size  and  charfi<»ter,  is  given  in  PL  lY. 
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The  original  mission  ditches  built  by  the  Franciscan  fathers  between 
the  years  1716  and  1744  are  the  Pajalache  or  Conception  ditch,  the 
Alamo  Madre,  the  San  Jose,  the  San  Juan,  and  the  Espada  ditches,  all 
dug  to  supply  the  lands  belonging  to  the  respective  missions.  In  addi- 
tion to  these  mission  ditches  there  was  one,  the  San  Pedro,  which  sup- 
plied water  to  the  Villa  Capital  de  la  San  Fernando,  settled  in  1730  by 
the  emigrants  from  the  Canary  Islands;  and  one  built  much  later  than 
any  of  the  others  under  the  superintendence  of  the  governor,  Baron 
Ripperda,  for  the  supply  of  the  citizens  of  the  town,  and  called  the 
Upper  Labor  ditch. 

Beginning  at  the  head  of  the  San  Antonio  River,  as  shown  on  fig.  5, 
this  last-named  and  most  recent  of  the  Spanish  ditches  is  the  first 
encountered.  It  was  begun  in  1776  and  was  ready  for  use  in  1778, 
under  the  general  direction  of  the  royal  governor,  care  having  been 
taken  that  no  infringement  of  the  prior  rights  of  the  five  missions  and 
Canary  Island  settlers  should  occur.  The  work  was  done  by  those 
citizens  who  desired  to  enlist  themselves  for  that  purpose,  each  fur- 
nishing his  own  tools  and  at  the  completion  of  the  ditch  receiving  a 
share  of  the  land  commanded  by  the  ditch  under  royal  grant,  on  the 
condition  that  he  should  aid  in  keeping  the  ditch  and  all  its  appurte- 
nances clean  and  in  repair,  and  hold  himself,  with  one  horse,  arms 
and  ammunition,  in  readiness  at  all  times  to  meet  the  enemies  of  his 
king.  The  lands  were  divided  into  lots  called  "suertes"  (suerte 
meaning  luck  or  chance),  each  one  containing  the  amount  of  land  that 
could  be  irrigated  by  the  ditch  during  a  given  space  of  time,  usually 
a  day,  but  sometimes  less.  The  assignment  of  suertes  was  always 
accomplished  by  lot.  The  original  grade  and  side  sloi)e  of  these 
ditches  are  unknown,  but  the  latter  is  quite  steep,  probably  about 
^  to  1,  or  at  most  i  to  1,  yet  on  all  of  them  the  banks,  owing  to  the 
character  of  the  soil,  have  withstood  the  elements  remarkably  well. 
The  ditches  will  be  described  in  the  order  in  which  they  are  met  with 
in  descending  the  river. 

The  Upper  Labor  ditch  takes  its  wat^r  from  one  of  the  large  springs 
at  the  head  of  the  river  by  means  of  a  loose-rock  dam.  The  ditch 
follows  the  contour  of  the  land  on  the  west  side  of  the  river  and  ends 
in  the  San  Pedro  Creek,  'and  once  commanded  about  600  acres  of 
land,  of  which  only  about  100  acres  are  now  irrigated  and  used  as 
truck  gardens.  Water  rent  is  $2  per  acre.  In  1877  the  city  replaced 
the  old  loose-rock  dam  by  a  masonry  one  and  built  an  extension  to  the 
ditch,  called  the  Alazan  branch.  The  latter  was  abandoned  in  1896, 
because  the  land  irrigated  was  devoted  to  residences. 

The  Alamo  Madre  ditch,  built  between  1718  and  1744  to  supply 
water  to  the  Alamo  Mission  and  irrigate  its  lands,  derives  water  from 
the  river  on  the  east  side,  at  a  point  just  opposite  the  Labor  ditch,  by 
means  of  a  low  dam.  The  ditch  then  follows  the  contour  of  the  land 
and  runs  through  the  business  part  of  the  city.     Its  length  is  6  miles. 
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and  it  xmgated  abont  900  acres,  of  which  only  about  220  are  now 
cnltivated. 

San  Pedro  ditch  was  commenced  in  1738,  and  furnished  water  to 
the  Villa  de  la  San  Fernando,  the  parish  church  of  which,  now 
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called  the  San  Fernando  Cathedral,  is  the  geographic  center  of 
San  Antonio.  The  water  for  the  ditch,  taken  from  the  San  Pedro 
Creek,  follows  down  the  east  side  of  this  and  runs  through  the  center 
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of  the  city,  irrigating  430  acres  of  land  below  town.  Its  length  is 
about  4  miles  and  it  is  2  feet  deep  and  6  feet  wide.  The  management 
of  the  above-mentioned  ditches  long  since  passed  out  of  the  hands  of 
the  landowners  and  into  those  of  the  city  authorities,  and  is  intrusted 
to  a  ditch  commissioner  api>ointed  by  the  mayor.  The  annual  water 
rent  is  $2  per  acre.  The  general  location  of  this  and  lower  ditches  is 
shown  in  flg.  6. 

The  next  ditch  of  importance  is  the  Concepcion,  built  in  1729,  and 
abandoned  in  1869  after  being  in  use  one  hundred  and  forty  years. 
This  was  discarded  on  account  of  the  dam,  which  was  in  the  center  of 
the  city,  causing  much  damage  from  overflow  when  there  was  a  rise 
in  the  river.  This  ditch  was  constructed  to  furnish  water  to  the 
Mision  de  la  ConcejKjion,  and  was  the  largest  of  all  the  old  ditches. 

The  San  Jose  ditch  was  built,  probably,  about  1720,  to  supply  water 
and  irrigate  the  lands  of  the  mission  of  that  name,  5  miles  below  the 
tovna.  The  water  was  taken  from  the  San  Antonio  River,  on  the 
west  side,  at  a  point  about  2  miles  above  the  mission,  and,  following 
the  contour  of  the  land,  ran  through  the  mission  and  returned  again 
to  the  river  about  1  mile  below,  after  irrigating  600  acres.  This 
ditch  was  abandoned  in  1860  on  account  of  the  repeated  washing 
away  of  the  loose-rock  dam  across  the  river. 

The  San  Juan  ditch  taps  the  river  on  the  east  side  at  a  point  oppo- 
site the  mission  San  Jose.  It  follows  the  contour  of  the  land  and  car- 
ries its  water  down  to  the  mission  of  the  same  name.  It  was  built  in 
1731  and  is  still  in  use.  It  irrigates  over  500  acres  of  land,  which 
rent  with  water  for  17.50  an  acre  per  annum. 

The  Espada  is  the  last  ditch  taken  from  the  San  Antonio  River, 
though  one  of  the  earliest  in  point  of  construction.  It  takes  its  water 
from  the  river  on  the  west  side  at  a  point  6  miles  below  the  city  by 
means  of  a  loose-rock  and  brush  dam  270  feet  long,  and  built  on  a 
natural  ledge  of  rock  extending  across  the  river,  making  the  total 
height  of  the  obstruction  8  feet.  This  dam  consists  of  layers  of  brush 
weighted  by  loose  rock,  with  gravel  and  earth  thrown  in  in  front, 
forming  a  very  effective  dam,  the  rock  becoming  gradually  cemented 
together  by  a  deposit  of  lime  salts  from  the  water.  It  crosses  Piedras 
Creek  on  a  stone  aqueduct,  shown  in  PL  V,  which  consists  of  a  series 
of  massive  arches  that  seem  in  as  good  preservation  to-day  as  when 
constructed,  more  than  a  century  and  a  haK  ago.  The  old  Mexican 
who  lived  close  by  asserted  that  he  had  seen  the  water  in  the  creek, 
in  time  of  flood,  flow  over  the  top  of  the  aqueduct,  sometimes  topping 
it  by  as  much  as  6  feet. 

This  ditch  fell  into  disuse  about  twenty  years  ago  and  was  aban- 
doned until  1895,  when  A.  Y.  Walton,  jr.,  who  owned  several  suertes 
of  land,  organized  the  owners  of  the  lands  commanded  by  it  into  a 
company  (the  Espada 'Ditch  Company),  cleaned  out,  widened,  and 
deepened  the  old  ditch,  repaired  the  dam,  and  made  some  change  in 
its  course,  the  total  cost  being  about  13,000.     The  ditch  is  now  3  miles 
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long,  with  a  bottom  width  of  5  feet,  and  carries  10  second-feet  of 
water.  It  commands  400  acres,  of  which  300  are  irrigated.  The 
annual  cost  of  keeping  the  ditch  in  good  working  order  amounts 
to  25  cents  x>er  acre.  The  principal  crops  are  100  acres  in  com,  150 
acres  in  cotton,  a  considerable  area  in  Johnson-grass  meadows,  and 
the  rest  in  truck  gardens  for  the  city  market.  The  appearance  of  the 
crops  under  these  ditches,  even  in  a  time  of  such  abundant  rainfall 
as  the  first  half  of  1897,  is  a  remarkable  proof  of  the  value  of  irriga- 
tion. The  land  is  mostly  an  alluvial  valley  soil,  very  productive  when 
watered.  On  irrigated  fields  it  is  customary  to  make  at  least  a  bale 
of  cotton  to  the  acre,  while  the  average  on  unirrigated  fields  for  the 
last  five  years  has  hardly  been  more  than  one-fourth  of  that.  Truck 
farmers  raise  all  kinds  of  vegetables,  from  early  spring  until  frost,  in 
the  greatest  profusion. 

Three-fourths  of  a  mile  above  the  head  of  the  dam  which  supplies 
Espada  ditch  is  the  head  gate  of  the  Trueheart  ditch,  the  only  modem 
canal  taken  from'the  San  Antonio  River.  This  was  begun  in  August, 
1895,  and  completed  in  May,  1896,  at  a  cost  of  about  $18,000;  it  has 
a  total  length  of  10  miles  and  is  designed  to  carry  30  second-feet  of 
water.  There  is  no  dam,  the  canal  entering  the  river  directly  and  the 
head  gates  being  of  wood  with  brick  abutments.  The  cut  for  the  first 
3,000  feet  averages  14  feet  in  depth,  with  a  bottom  width  of  6  feet.  It 
now  carries  much  less  than  the  registered  amount  of  water,  a  freshet 
having  washed  away  the  head  gates  and  largely  filled  up  the  first  few 
hundred  feet  of  the  canal,  allowing  only  about  1.5  second-feet  of 
water  to  enter  it.  This  is,  however,  amply  suf&cient  for  the  land  at 
present  under  irrigation,  which  is  this  year  (1897)  about  400  or  500 
acres,  though  the  canal  commands  1,500  acres.  The  principal  eropsare 
alfalfa,  Irish  potatoes,  com,  cotton,  and  vegetables.  The  water  rights 
are  held  at  115  per  acre,  and  the  annual  rental  is  $2.50  per  acre,  but 
all  of  the  land  irrigated  so  far  belongs  to  the  owners  of  the  canal. 
This  canal  has  seven  flumes,  one  of  which,  shown  in  fig.  7,  is  1,000 
feet  in  length,  with  an  average  height  of  20  feet.  It  carries  the 
water  across  a  valley  at  Minita  ranch,  11  miles  from  San  Antonio. 
The  slope  is  given  as  ^  to  1. 

There  is  some  irrigation  practiced  in  and  near  San  Antonio  from 
artesian  wells,  a  view  of  one  of  which  is  shown  on  PL  VI.  ^  The  most 
extensive  is  that  of  H.  D.  Eampman,  who  has  a  well  on  his  plaoe  with 
an  estimated  flow  of  1^  million  gallons  in  twenty-four  hours  under  20 
pounds  pressure,  or  2.32  second-feet.  This  well  is  970  feet  deep, 
and  was  drilled  at  a  cost  of  $3,000.  It  is  allowed  to  flow  on  250 
acres  of  the  owner's  land,  this,  being  in  alfalfa,  needing  only  a  small 
portion  of  the  water.  It  has  been  stated  that  this  well  would  irrigate 
1,000  acres  of  land  through  a  system  of  ditches  or  storage  tanks.    A 


'  For  details  see  paper  by  Robert  T.  mil  in  Part  II  of  Eighteenth  Ann.  Kept.  U.  B.  Oeol.  Sur- 
vey, p.  2Ml 
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secood  well  near  the  same  place  dischai^s  alwut  one-third  as  much 
water. 

B«low  the  city  of  San  Antuuio  is  an  irrigation  farm  which  is  prob- 
ably unique  in  the  State,  but  which  may  be  considered  as  being 
typical  of  others  in  various  parts  of  the  United  Stat«a.  This  is  the 
sewage  farm,  to  which  is  brought  for  purification  and  disposal  the 
waste  from  the  city.  This  method  of  disposal  is  one  which  is  rapidly 
growing  in  favor,  not  only  in  arid  and  semiurid  regions  but  in  humid 
countries  as  well,  being  extensively  practiced  in  New  England  and 
in  various  European  countries.  The  city  sewage  farm  consists  of 
about  100  acres,  subdivided  into  a  number  of  small  tracts  or  gardens 
enfBcient  in  area  to  take  all  of  the  present  output  of  sewage.  These 
gardens  occupy  a  space  about  400  feet  square.     Near  them  are  a 


Fio.  T.— view  of  flnme  on  "naehakrt  ditch. 

number  of  broad  basins  surrounded  by  low  dikes  to  receive  the  flow 
from  the  sewer  ontlet  when  water  is  not  wanted  on  the  gardens.  It 
ia  intended  to  plant  most  of  these  basins  in  crops  which  will  not  be 
injured  by  a  considerable  amount  of  water,  so  that  the  surface  will 
be  covered  by  vegetation  throughout  the  greater  part  of  the  summer. 

Along  San  Antonio  River  below  the  city  are  several  pumping  plants 
operated  by  steam.  A  small  one  at  Elmendorf,  owned  by  C.  M. 
Roands,  is  very  conveniently  arranged  for  supplying  water  to  a 
dwelling  house  and  alsofor  irrigating  purposes.  Thewater  ispuraped 
into  an  elevated  wooden  cistern  near  -the  river  bank  and  thence  piped 
to  another  cist«rn  at  the  house  and  to  the  garden  and  orchard. 

Thirty  miles  below,  on  the  same  river,  near  Floresville,  iij  Wilson 
County,  are  reported  two  more  similar  plants.     That  of  A,  G.  Pickett 
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is  the  more  important.  It  was  set  up  in  1893  and  consists  of  a 
40-horsepower  steam  boiler,  operating  a  Blakeslee  duplex  steam  pump, 
which  is  connected  to  the  boiler  by  a  2-inch  steam  pipe.  From  12  to 
15  horsepower  only  is  used  at  present,  it  being  the  intention  of  the 
owner  to  extend  his  plant  by  the  addition  of  more  pumps  as  more 
land  is  brought  under  irrigation.  The  average  distance  from  the 
pump  to  the  water  is  15  feet,  and  the  average  lift  is  50  feet.  There  is 
no  reservoir,  the  water  being  pumped  directly  into  the  ditch.  The 
total  cost  of  the  plant  is  estimated  at  $2,500,  and  it  requires  one  man 
at  a  cost  of  12^  cents  per  hour  to  operate  it.  The  pump  is  covered  by 
high  water  in  the  river  from  two  to  four  times  a  year.  This  plant 
was  built  with  an  idea  of  irrigating  from  300  to  400  acres,  and  has 
sufficient  boiler  capacity,  but  will  require  additional  pumps.  The 
present  pump  has  a  7-inch  suction  pipe  with  a  6-inch  discharge,  and 
is  estimated  to  pump  about  750  gallons  per  minute,  or  1.67  second- 
feet.  The  present  capacity  is  sufficient  to  irrigate  from  75  to  100 
acres.  The  annual  cost  of  water  is  estimated  at  from  $2  to  $6  per 
acre,  according  to  the  amount  of  rainfall  and  pumping  done.  There 
has  been  difficulty  in  getting  on  the  place  tenants  of  sufficient  intelli- 
gence and  progressiveness  to  use  the  water  on  their  crops  or  to  grow 
crops  that  will  repay  the  cost  of  water  and  labor.  They  prefer  to 
continue  planting  cotton. 

The  other  plant  is  located  7  miles  from  Floresville,  and  is  o\Vned  by 
W.  E.  Crandall  and  J.  O.  Dewees.  It  was  first  used  in  1896,  and  con- 
sists of  a  10-horsepower  boiler  operating  a  Blake  pump  set  on  the 
river  bank  at  a  distance  of  70  feet  f roffi  the  boiler,  and  with  a  capacity 
of  from  75  to  100  gallons  per  minute,  or  from  0.17  to  0.22  second-foot. 
The  average  distance  from  the  pump  to  the  surface  of  the  water  is  22 
feet  and  the  total  lift  is  48  feet,  the  water  being  pumped  into  a  reser- 
voir 50  feet  long,  50  feet  wide,  and  8  feet  deep,  formed  by  building  an 
earthen  wall  on  all  sides.  The  total  cost  of  the  plant  is  estimated  at 
$295,  and  it  is  used  for  raising  vegetables. 

About  50  miles  easterly  from  Floresville  is  located  the  enterprise  of 
the  Buchel  Power  and  Irrigation  Company.  The  plant  is  located  3 
miles  west  of  Cuero  and  is  to  consist  of  a  permanent  stone-and-con- 
Crete  dam  across  the  Guadalupe  River,  which,  when  completed,  will  be 
165  feet  long  on  the  crest,  or  200  feet  long  including  abutments,  23  feet 
high,  and  will  raise  the  water  10  feet  above  the  usual  water  level. 
The  dam  was  begun  in  December,  1896,  and  in  June,  1897,  was  about 
one-half  completed.  The  10-foot  head  of  water  will  be  used  to  run 
turbines  which  will  operate  force  pumps,  raising  the  water  a  total 
height  of  60  feet  to  a  reservoir  about  500  feet  distant  from  the  dam. 
From  this  reservoir  canals  will  lead  to  the  land  to  be  irrigated.  The 
reservoir  is  to  be  an  artificial  one  with  earthen  banks,  and  is  calcu- 
lated to  have  a  capacity  of  10  million  gallons,  or  30  acre-feet.  The 
area  to  be  irrigated  consists  of  rich  valley  land  along  the  east  bank  of 
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tiie  Onad&Lnpe  River,  2,000  aoree  oC  which  are  owned  by  the  oompauy 
asd  wiU  be  first  pnt  ander  ditch.  If  suoceeeful  with  this  tract,  the 
eompany  expects  to  6xt«nd  the  system  to  cover  2,000  more  acres  of 
the  same  valley.  The  }p^wth  of  all  varietiea  of  crops  is  contemplated, 
but  especially  alfalfa,  fruits,  and  vegetables.  Quadalupe  River  has 
an  estimated  average  fiow  of  800  second-feet,  and  with  the  10-foot 
bead  it  ia  expected  to  develop  about  700  horsepower.  Probably  one- 
third  of  this  will  be  used  for  irrigation,  the  remainder  being  converted 
into  electrical  enei^  and  carried  to  the  town  of  Cuero. 

South  of  Cnero  about  30  miles,  near  Goliad,  G.  W.  Simmons  hae  pnt 
in  a  plant  consisting  of  s  2^-horaepower  gasoline  engine  and  a  pump 
with  a  capacity  of  33  gallons  per  minute,  or  0.07  second-foot.  The 
vater  is  obtained  from  a  small  stream  across  which  has  been  placed  a 
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wooden  dam  60  feet  long  and  3  feet  high,  and  is  raised  20  feet  and 
pumped  directly  into  the  ditch.  The  total  cost  was  $150,  and  the  plant, 
while  it  has  not  been  fully  tested,  is  expected  by  its  owner  to  irrigate 
10  acres. 

In  Bee  Connty,  at  the  State  subezperimcnt  station,  ander  the  direc- 
tion of  S.  A.  MoHenry,  superintendent,  is  a  pumping  plant  erected  for 
the  pnrpoee  of  irrigating  the  orchard  and  lands  devoted  to  horticul- 
tural experiments.  It  oonsists  of  a  S^-faorsepower  gasoline  engine  and 
a  windmill,  pumping  from  a  well  74  feet  deep,  in  which  the  water 
stands  32  feet.  The  pump  has  a  cylinder  3^  inches  in  diameter  by  36 
inches  long,  with  a  Sl^inch  stroke  when  run  by  the  engine  and  a  &-iuoh 
stroke  when  the  windmill  is  used.  The  capacity  with  the  engine  is  31 
gallons  per  minute,  or  0.05  second-foot.     The  water  is  forced  600  feet 
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to  a  reservoir  at  a  height  of  16  feet  above  the  top  of  the  well.  The 
reservoir  is  32  feet  long,  52  feet  wide,  and  8  feet  deep,  and  contains 
about  100,000  gallons,  0.3  acre-foot.  It  was  bnilt  by  excavating  4  feet 
deep  and  building  earthen  walls  of  the  same  height  around  it,  the 
total  cost  being  $140.  On  account  of  the  very  porous  nature  of  the 
soil,  all  tanks  in  this  region  must  be  lined  with  some  artificial  mate- 
rial— cement,  asphalt,  or  coal  tar.  That  at  the  experiment  station 
(shown  in  fig.  8,  p.  49)  is  lined  with  a  mastic  consisting  of  73  per  cent 
sand,  25  per  cent  coal  tar,  and  2  per  cent  lime.  The  sand  and  lime 
are  mixed  together  and  the  tar  is  boiled  until  it  will  string  and  is 
mixed  hot  with  the  other  ingredients.  It  is  spread  on  the  bottom  and 
sides  while  hot  at  the  rate  of  52  pounds  to  the  square  yard.  On  top 
is  put  a  varnish  formed  by  boiling  pure  coal  tar  and  fiashing  it  with  a 
lighted  match  to  bum  off  the  light  oils.  The  plant  was  completed  in 
1897  and  has  been  used  but  little  yet.  It  is  estimated  that  20  acres 
can  be  handled  in  the  present  condition  of  the  plant.  The  engine 
uses  5  gallons  of  gasoline  in  one  hour. 

On  the  Kaylor  and  Heldenfells  place,  near  Beeville,  is  a  circular 
tank  80  feet  in  diameter  and  12  feet  deep  in  the  center.  It  is  lined 
with  cement  and  supplied  with  water  by  two  windmills  pumping 
from  wells.  It  commands  40  acres  in  orchard  and  vineyard,  but  has 
been  used  very  little  of  late  for  irrigating  and  not  at  all  for  the  grapes. 
An  attempt  has  been  made  to  subirrigate  by  means  of  wooden  troughs, 
but  this  method  has  fallen  into  disuse.  In  Beeville,  W.  C.  McDowell, 
since  1893,  has  been  irrigating  his  truck  garden,  consisting  of  one-half 
acre.  Water  is  raised  by  a  windmill,  pumping  from  a  70-foot  well 
into  a  wooden  cistern  of  2,800  gallons  capacity. 

NUECES  RIVER  AND  LOWER  RIO  GRANDE. 

Nueces  River  receives  the  drainage  from  that  portion  of  southern 
Texas  lying  between  San  Antonio  River  on  the  east  and  the  lower  Rio 
Grande  on  the  west.  For  convenience  of  description  the  irrigation 
projects  within  this  drainage  basin  are  given  in  geographic  order  from 
the  head  waters  to  the  Gulf,  and  after  these  the  similar  enterprises 
along  the  Rio  Grande  from  the  mouth  of  Pecos  River  southeasterly. 

On  the  head  waters  of  Nueces  River,  about  4  miles  northeast  of 
Leakey,  is  a  brush-and-stone  dam  across  Frio  River  45  feet  long  and 
2  feet  high,  built  in  1896.  This  supplies  a  ditch  2  miles  long,  with  a 
top  width  of  5  feet,  bottom  width  of  3  feet,  and  depth  of  3  feet.  It 
was  first  used  in  1897,  and  commands  300  acres,  of  which  115  have 
been  cultivated.  Sixty  acres  are  in  cotton,  50  in  corn,  and  the  remain- 
der in  oats  and  vegetables.  Two  miles  below  on  the  same  river  is  a 
ditch  irrigating  50  acres.  Toward  the  east,  on  Turtle  Creek,  in  Kerr 
County,  a  small  amount  of  land  is  irrigated,  and  in  Bandera  County 
300  acres  are  irrigated  by  small  ditches  taking  water  from  Frio  River. 

At  Batesville,  and  southerly  at  Carrizo  Springs,  on  the  west  side  of 
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Nueces  River,  is  a  coi^siderable  amount  of  irrigation,  or  rather  a 
large  number  of  irrigation  plants  operated  by  windmills,  and  at  the 
latter  place  some  irrigation  from  flowing  artesian  wells.  The  appli- 
ances are  of  the  usual  type,  and  the  acreage  commanded  by  each  man 
is  very  small,  and  consequently  expensive.  In  Za valla  County  are 
also  3  miles  of  ditches  and  500  acres  under  irrigation  from  artesian 
sources. 

A  number  of  schemes  have  been  proposed  for  bringing  under  irri- 
gation considerable  areas  along  Nueces  River,  especially  about  the 
middle  portion  of  its  course.  The  success  attained  by  the  present 
methods,  though  crude,  has  been  such  as  to  encourage  others  to 
attempt  the  construction  of  better  devices.  Actual  work  has  been 
held  back  to  a  considerable  extent  by  the  defective  laws,  but  since  the 
passage  of  more  favorable  legislation  in  1895  several  projects  have 
been  revived. 

Nueces  River,  with  its  tributaries,  has  a  catchment  area  of  about 
20,000  square  miles.  The  amount  and  distribution  of  rainfall  through- 
out this  territory  is  such  that,  with  the  sandy  soil,  a  comparatively 
small  amount  flows,  even  in  the  main  stream.  Few  of  the  tributaries 
can  be  said  to  be  perennial  in  flow,  many  becoming  nearly  or  com- 
pletely dry  at  certain  seasons  of  the  year.  The  Nueces  itself  and  sev- 
eral of  its  tributaries,  such  as  the  Frio  and  Lena,  head  in  large  springs 
on  the  edge  of  the  plateau.  Here  are  admirable  localities  for  divert- 
ing water  for  irrigation.  On  leaving  the  plateau  country  the  streams 
tend  to  diminish,  a  considerable  portion  of  the  water  being  lost  in  the 
sandy  channels,  occasionally  reappearing  when  forced  to  the  surface 
by  impervious  strata.  Throughout  the  area  to  the  south  of  the  line 
of  the  Southern  Pacific  Railroad  the  perennial  flow  is  so  small  or 
uncertain  that  irrigation  on  a  large  scale  must  depend  upon  storage 
reservoirs  holding  storm  waters. 

By  consulting  a  map  it  will  be  seen  that  Nueces  River  flows  from 
its  head  in  a  general  southerly  direction,  but  at  a  point  about  35 
miles  west  of  CotuUa  it  turns  toward  the  east.  At  this  point  the 
wagon  road  between  Cotulla  and  Carrizo  Springs  crosses  by  means  of 
a  bridge.  The  region  west  of  the  river  contains  a  number  of  long, 
deep,  narrow  bodies  of  water,  known  as  Soldier,  Espantosa,  and  Cai- 
manche  lakes.  The  two  former  are  practically  parallel  to  the  course 
of  the  river  and  are  connected  by  a  slough  or  arroyo,  while  the  north- 
em  end  of  Espantosa  Lake  is  connected  in  a  similar  manner  with  the 
main  channel  of  the  river.  In  time  of  flood  the  water  rushes  through 
the  connecting  channel  into  Espantosa  Lake  and  returns  again  to  the 
river,  either  through  an  independent  channel  which  issues  from  the 
south  end  of  Espantosa  Lake  direct  to  the  river,  or  through  Soldier 
Slough  or  Lake,  which  in  its  turn  discharges  its  water  through  a  chan- 
nel connecting  it  with  the  river.  In  other  words,  in  time  of  flood  the 
river  splits  into  two,  one  portion  passing  through  the  main  channel 
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and  the  other  being  diverted  to  the  yrest,  paasing  through  the  lakes 
and  returning  again  to  the  river. 

Caimanche  Lake  is  quite  differeot  in  its  natnre  from  the  two  jort 
mentioned.  It  lies  northwest  of  the  Espantosa  about  3  miles,  and  at 
an  elevation  of  Ifi  feet  above  the  latter.  This  lake  gathers  the  water 
of  a  lai^  drainage  basin,  extending  from  the  Bio  Grande  divide  an 
the  south  to  many  miles  beyond  the  Southern  Pacific  Railroad  on  the 
north,  a  region  containing  springs  and  an  easily  obt«rnable  snpply  of 
artesian  water.  Its  water  is  discharged  through  Espantoea  Slough 
into  Nueces  River,  and  ordinarily  its  volume  is  double  that  in  the 
main  channel  of  the  river  itself  before  its  junction  with  Espantosa 
Slough.  It  is  proposed  to  convert  Caimanche  Lake  into  a  storage 
reservoir  by  means  of  an  earthen  dam  1}  miles  in  length  and  20  or  25 
feet  in  height.    The  area  of  the  reservoir  ac  the  height  of  170  feet 


above  an  assumed  datum  will  be  8,500  acres;  at  177  feet,  or  wiik  * 
dam  20  feet  high,  it  will  be  10,000  acres;  and  at  18S  feet  it  will  be 
12,500  acres.  The  original  estimat«8  were  made  for  a  20-foot  dam, 
but  it  has  since  been  concluded  that  a  dam  25  feet  high  is  eqn^ly 
feasible  and  will  make  a  much  greater  volume  of  water  available. 
The  spillway  will  be  constmcted  5  feet  below  the  crest  of  the  ear^- 
work.  Though  in  possession  of  no  accurate  data  as  to  the  hydrog- 
raphy of  the  drainage  basin,  the  projectors  are  confident  that  the 
flood  discharges  are  safScient  to  fill  the  reservoir  several  times  in 
the  conrse  of  a  year.  In  addition  to  the  natural  drainage  of  the 
basin,  they  expect  to  avail  themselves  of  the  waters  of  the  main 
stream  of  the  Nueces. 

The  old  channel,  connecting  the  northern  extremity  of  BspantoBa 
Lake  with  the  river,  has  been  already  mentioned.     Except  in  flood 
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seasons,  no  water  enters  the  lake  through  this  channel,  there  being  a 
high,  rocky  barrier  in  its  center,  known  as  Rock  Falls.  By  con- 
structing a  diversion  dam  on  the  Nueces  River  below  the  point 
where  the  slough  to  the  Espantosa  leaves  it,  and  by  cutting  a  channel 
1}  miles  long  from  the  upper  side  of  Rock  Falls  into  Caimanche 
Lake,  the  river  and  the  reservoir  can  be  connected. 

To  use  the  water  so  stored  it  is  proposed  to  pass  it  down  the  slough 
connecting  Caimanche  and  Espantosa  lakes,  through  the  Espantosa, 
and  finally  into  the  river  channel.  From  the  channel  it  is  to  be 
diverted  by  means  of  a  dam  some  distance  below  the  Carrizo  Springs 
bridge  into  a  canal  on  the  east  bank  of  the  river.     Soldier  Slough, 


Pio.  10.— Map  of  proposed  Nneoes  reservoir  and  oanaL 

already  mentioned,  must  also  be  closed  by  a  dam  of  the  same  height 
as  the  diversion  dam  on  the  river.  These  dams  themselves  would 
impound  a  considerable  quantity  of  water;  just  how  much  has  not 
been  estimated.  At  the  lower  diversion  dam  the  company  expect  to 
avail  themselves  of,  first,  the  water  impounded  by  the  dam  itself; 
second,  the  natural  flow  of  the  river;  and,  third,  the  storage  water  of 
Caimanche  Lake.  After  a  diversion  line  of  less  than  a  mile  the 
water  of  the  canal  can  be  taken  out  on  the  land.  The  grade  adopted 
is  1  foot  to  the  mile.  The  land  covered  by  the  canal  is  among  the 
richest  in  Texas,  well  adapted  for  corn,  cotton,  sugar,  or  alfalfa, 
and  the  upper-line  canal  would  reach  very  fine  fruit  lands.  Allow- 
ing as  much  as  2  feet  of  water  per  acre  per  annum,  it  is  estimated 
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by  the  promoters  that  there  will  be  sufficient  to  irrigate  50,000 
acres. 

About  35  miles  below  the  diverting  dam  on  the  Nueces  River  turn- 
ing water  into  Caimanche  Reservoir,  the  river  passes  from  Dimmit 
County  into  Lasalle  County,  and  for  about  10  miles  below  the  county 
line  the  valley  widens,  the  topography  being  favorable  for  the  creation 
of  a  reservoir.  By  constructing  a  masonry  dam  2,600  feet  long  and 
50  feet  high  in  the  center,  it  is  proposed  to  create  what  is  known 
as  the  Nueces  Reservoir,  having  an  area  of  12,700  acres.  Such  a 
reservoir  would  receive  all  of  the  waste  and  seepage  water  from  the 
storage  works  and  irrigation  canals  above,  but,  being  situated  on  the 
main  line  of  the  river,  would  be  subject  to  floods.  It  is  proposed  to 
take  out  water  on  the  north  side  of  Nueces  River  by  means  of  a 
canal,  which,  winding  along  the  slopes,  ultimately  passes  north- 
easterly over  the  divide  between  the  Nueces  and  Frio  rivers,  thus 
commanding  a  great  area  of  agricultural  land.  The  expense  per 
acre  irrigated  is  estimated  to  be  about  double  that  of  the  Caimanche 
project. 

About  100  miles  farther  down  Nueces  River,  at  the  junction  with 
Frio  River,  survej^s  have  been  made  by  private  capital  to  ascertain 
the  feasibility  of  constructing  an  immense  system  of  storage  reser- 
voirs with  a  view  to  the  irrigation  of  the  valley  lands  and  also  that 
portion  of  the  coastal  plain  which  can  easily  be  reached  by  high-line 
canals  from  the  uppermost  of  the  intended  works.  Fourteen  stor- 
age reservoirs  are  proposed  for  this  system,  and  the  sit«s  for  these 
have  been  examined,  located  both  above  and  below  Live  Oak.  Their 
total  holding  capacity,  as  stated  by  William  Harrison,  who  has  made 
all  of  the  surveys,  is  approximately  1,792,300  acre-feet.  Though  of 
so  comprehensive  a  nature,  the  project  can  be  completed  in  sections 
should  sufficient  water  be  available,  each  part  becoming  a  source  of 
revenue  possiblj^  years  before  the  final  completion  of  the  system. 
The  two  most  important  of  the  proposed  reservoirs  will  be  those 
formed  by  permanent  masonry  dams  across  the  Nueces  and  Frio  riv- 
ers, respectively^  at  what  are  probably  the  outlets  of  ancient  lakes, 
through  the  beds  of  which  the  rivers  flow. 

The  total  area  which  it  is  estimated  may  be  brought  under  irriga- 
tion by  the  system  of  canals  supplied  by  these  reservoirs,  if  filled,  is 
something  over  a  million  acres.  The  soils  are  principally  of  three 
general  characters,  known  under  the  local  names  of  black  mesquite, 
sandy  loam,  and  resaca  lands.  The  black  mesquite  comprises  most 
of  the  coastal  slope  and  valley  lands  of  this  region.  It  is  a  dark, 
sandy  loam  of  great  depth  and  richness,  easily  cultivated,  and  capa- 
ble of  producing  a  considerable  range  of  crops.  The  sandy  loam 
proper  is  found  in  the  live-oak  lands,  and  is  also  fertile,  though  not  so 
well  adapted  to  a  variety  of  crops  as  the  black-mesquite  soils.  The 
resaca  lands  are  dark  and  waxy,  being  composed  of  river  silt,  and 
possess  the  fertility  always  found  in  such  soils.    They  have  been  but 
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little  cultivated  as  yet,  owing  to  their  liability  to  overflow.  This  lat- 
ter fault  could  be  remedied  by  the  building  of  storage  reservoirs, 
which  wonld  largely  control  the  flood  wat«rs. 

Farther  down  the  river  is  the  pumping  plant  of  the  Grover  Irriga- 
tion Company,  the  most  extensive  of  its  kind  in  this  region.  It  is 
located  on  Kueces  River,  8  miles  north  of  Mathis,  and  consists  of  a 
lOO-horsepowcrboilerandaZS-horsepowerengine,  operating,  by  means 
of  a  belt,  as  shown  in  fig.  11,  a  Menge  pump  with  an  estimated 
capacity  of  from  5,800  to  6,700  gallons  per  minute,  or  from  12,92  to 
14.92  second-feet.  The  pump  is  set  in  a  well  8  feet  in  diameter,  on 
the  banks  of  the  river,  and  connected  with  the  water  in  the  river  by 
a  tunnel  i  feet  square.     The  average  lift  is  48  feet.     There  is  no  res- 


Tvt.  11.— Pump  and  flame  on  Nneeas  River. 


ervoir,  the  water  being  pumped  directly  into  the  ditch.  The  total 
cost  of  the  plant  is  given  as  t5,000,  and  the  running  expenses,  includ- 
ing engineer  at  $1  per  day,  fireman  at  75  cents  per  day,  3  cords  of 
wood  at  60  cent«,  and  70  cents  for  oil  and  incidentals,  amounts  to 
14.25.  The  manager  states  that  he  has  watered  10  acres  in  twelve 
hours  on  land  located  near,  but  never  more  than  half  that  amount  on 
a  tract  three-fourths  of  a  mile  distant  from  the  pump.  This  is  appar- 
ently a  low  efficiency.  The  total  length  of  the  main  ditch  is  6,300 
feet,  with  a  top  width  of  6  feet  and  a  bottom  width  of  2}  feet.  It 
carries  about  2  feet  of  water.  This  plant  has  not  had  a  thorough  test, 
as  it  has  never  been  run  steadily.  Each  individual  owner  has  the 
use  of  it  alternately  for  twenty-four  hours.     It  is  designed  to  cover 
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500  acres,  but  not  knore  than  70  acres  have  ever  been  watered.  The 
principal  crops  were  com  and  the  vegetables  of  a  truck  garden,  also 
a  young  orchard  and  vineyard.  The  com  is  irrigated  about  twice  in 
a  season,  but  in  1897  it  was  irrigat'Cd  only  once. 

Five  miles  west  of  Mathis,  on  the  same  river,  is  a  pumping  plant 
owned  by  S.  G.  Miller  and  Lon  C.  Hill,  which  was  built  in  1893  and 
consists  of  a  40-horsepower  boiler  connected  directly  by  a  steam  pipe 
with  a  double-action  pump  having  a  capacity  of  over  134  gallons  per 
minute,  or  0.29  second-foot,  lifting  the  waticr  a  total  distance  of  39  feet 
"at  low  stages  of  the  river.  The  total  cost  of  the  plant  was  about 
$3,000,  and  it  commands  140  acres  in  cultivation,  of  which  not  more 
than  70  acres  have  ever  been  irrigated.  One  of  the  owners  states  that 
he  has  had  three  years'  experience  irrigating  vegetables,  and  has  not 
made  anything  out  of  it,  owing  mainly  to  frosts.  Liack  of  railroad 
facilities  and  difficulty  of  getting  goods  on  the  market  in  good  order 
have  been  other  detriments.  He  claims  that  it  is  a  question  whether 
irrigating  by  steam  will  pay  when  raising  the  ordinary  crops  of  com 
and  cotton.  The  continual  expense  attached  to  it  is  too  great.  Expe- 
rience has  taught  him  that  a  man  can  not  irrigate  more  than  4  acres 
per  day  of  twelve  hours  with  1  million  gallons,  or  3  acre-feet,  of  water. 
Ribbon  cane  has  here  been  found  to  be  the  surest  and  most  i)aying 
crop  tried. 

On  the  Rio  Grande  below  the  mouth  of  Pecos  River  one  of  the  most 
important  irrigated  areas  is  that  along  San  Felipe  Creek  near  the 
town  of  Del  Rio.  This  short  creek  is  formed  by  four  large  springs 
about  1  mile  east  of  the  town,  within  one-foui*th  of  a  mile  of  one 
another.  In  the  4^  miles  from  the  springs  to  the  Rio  Grande  the  fall 
of  the  stream  is  62  feet,  thus  furnishing  an  excellent  water  power  for 
manufacturing.  There  have  been  four  ditches  taken  out,  two  of  which 
are  for  irrigation.  These  are  supplied  with  water  by  means  of  two 
permanent  masonry  dams,  65  and  150  feet  in  length,  respectively,  and 
each  8  feet  high.  The  first-named,  shown  on  PI.  VII,  A,  is  nearest 
the  springs  and  is  the  starting  point  of  the  Madre  ditch;  the  second, 
about  a  mile  below,  supplies  the  San  Felipe  ditch,  as  shown  hy 

PI.  vn,  B, 

These  systems  of  water  supply  were  first  used  in  1879.  They  are 
owned  by  the  San  Felipe  Agricultural,  Mechanical  and  Irrigation 
Ck)mpany,  in  which  the  shares  are  held  by  owners  of  the  land  com- 
manded by  the  ditches.  The  total  cost  of  the  enterprise  was  about 
$25,000,  and  the  annual  cost  of  maintaining  it  is  about  50  cents  per 
acre  per  annum.  The  main  ditches  measure  about  4  miles  in  length 
and  are  10  feet  wide  at  the  top,  have  perpendicular  sides,  and  carry 
about  2  feet  of  water.  The  laterals  are  four  in  number,  with  an  aver- 
age width  of  4  feet  and  a  total  length  of  6  miles.  The  total  area  irri- 
gated is  3,600  acres,  in  meadow,  cotton,  com,  gardens,  orchards,  and 
vineyards. 


B.  DAM  FOR  SAN  FELIPE  DITCH  AT  DEL 
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There  are  about  3,000  acres  of  irrigable  land  unutilized  on  the  east 
ride  of  San  Felipe  Creek.  The  land  has  mainly  what  is  called  an 
•*  adobe  "  soil.  It  is  fertile  when  watered  and  seems  peculiarly  adapted 
X)  the  grape  and  the  pear.  All  kinds  of  fruits  and  vegetables  are  grown 
n  profusion.  On  June  15  melons,  plums,  and  apples  were  ripe.  The 
mpression  made  on  the  traveler  who  comes  from  the  droughty  and 
jun-scorched  plains  to  such  a  spot  is  not  soon  forgotten.  This  culti- 
iTated  tract  has  been  so  isolated  from  the  rest  of  the  agricultural 
^orld  that  none  of  the  diseases  which  so  reduce  the  profits  of  the 
rrape  or  fruit  gnx)wer  elsewhere  have  been  introduced  as  yet.  Grapes 
)roduce  from  6,000  to  10,000  pounds  to  the  acre,  and  are  mostly  made 
nto  wine,  the  above  yields  giving  from  10  to  16  barrels  of  wine. 

East  of  Del  Rio  an  attempt  made  to  use  the  waters  of  Pinto  Creek 
las  been  unsuccessful  because  the  supply  failed  just  at  the  season 
vhen  it  was  needed.  Dams  for  the  purpose  of  storing  the  flow  of  the 
ireek  for  use  in  the  summer  are  necessary  before  anything  further 
5an  be  done.  On  Mud  Creek,  C.  Vivian,  by  means  of  a  solid  masonry 
lam  100  feet  long,  irrigates  several  hundred  acres  of  land. 

At  Eagle  Pass,  about  60  miles  below  Del  Rio,  there  is  a  promising 
mterprise  for  irrigating  a  considerable  area  from  the  Rio  Grande, 
rhis  river,  though  dry  each  year  near  El  Paso,  has  here  a  minimum 
low  of  not  less  than  3,000  second-feet,  due  mainly  to  its  tributaries, 
;he  Pecos  and  Devil  rivers,  in  Texas,  and  the  Concho,  in  Mexico.  The 
^mpany  building  the  canal  is  called  the  Eagle  Pass  Irrigation  and 
Waterworks  Company.  It  is  proposed  to  take  out  a  canal  with  a 
5ai>acity  of  200  second-feet  at  a  point  on  the  river  35  miles  above 
i^agle  Pass,  where  a  ledge  of  rock  furnishes  a  natural  dam  site  and 
opportunity  for  locating  regulating  works.  From  there  the  canal  is 
>rought  down  for  12  miles  along  the  base  of  the  hills,  which  here  skirt 
tlooe  to  the  river  channel.  Two  and  one-half  miles  from  its  beginning 
t  will  empty  into  Pinto  Creek,  which  will  be  dammed  and  will  form 
i  settling  basin  for  the  coarser  silt  and  sand. 

The  dam  across  Pinto  Creek  will  contain  scouring  sluices  for  the 
>Tirpo8e  of  keeping  the  channel  free  from  sediment  and  of  letting  the 
low  of  the  creek  pass  in  time  of  flood.  At  the  end  of  12  miles  the 
ianal  comes  out  on  the  valley  to  be  irrigated.  An  old  lake  bed  is 
mrronnded  by  a  semicircular  line  of  ridges  which  abut  on  the  river 
tt  the  northern  and  southern  ends.  A  similar  line  of  hills  bounds 
he  Mexican  side  of  the  valley.  Through  this  valley  the  river  has 
5ut  its  channel  some  40  feet  below  the  surface,  leaving  two-thirds 
>n  the  Texas  and  one-third  on  the  Mexican  side.  The  canal  is 
lesigned  to  skirt  along  this  boundary  line  of  ridges  to  the  end  of  the 
»ralley,  where  it  empties  into  the  river  after  irrigating  20,000  acres. 
There  is  a  plan  to  enlarge  it  at  some  time  in  the  future  and  carry 
t  to  Eagle  Pass  to  irrigate  some  100,000  acres.  The  total  length  of 
the  main  canal,  as  it  is  to  be  built  now,  is  28  miles,  with  an  average 


58  IRRIGATION   SYSTEMS   IN  TEXAS.  [mo  13. 

bottom  width  of  25  feet  and  carrying  3^  feet  of  water.  It  was  begun 
in  1888,  when  3^  miles  were  completed,  and  the  work  was  then  tempo- 
rarily abandoned.  There  is  little  rock  work,  and  the  expense  will  not 
be  excessive.  The  estimates  for  the  main  canal  complete  are  about 
$133,000.  The  side  slopes  are  to  be  1^  to  1  and  the  grade  13  inches  to 
the  mile.  This  is  expected  to  give  a  current  sufficient  to  largely  pre- 
vent the  deposition  of  silt  from  the  water  before  it  reaches  the  land. 
The  land  is  very  nearly  level,  with  a  descent  down  the  river  of  3|  feet 
to  the  mile.  The  soil  is  a  fertile  alluvial  loam.  The  company,  which 
owns  all  of  the  land  to  be  irrigated,  expects  to  largely  reimburse  the 
shareholders  by  selling  farms  of  from  40  to  100  acres  in  area.  The 
annual  charge  for  water  will  be  11.50  per  acre. 

At  Laredo,  about  100  miles  below  Eagle  Pass,  considerable  interest 
has  been  manifested  in  irrigation  by  means  of  pumping.  One  of  the 
largest  plants  is  that  owned  by  Albert  Urbahn,  which  was  completed  in 
1897  and  consists  of  an  80-horsepower  lx)iler,  operating  a  pulsometer 
with  a  nominal  capacity  of  1,000  gallons  per  minute,  or  2.23  second- 
feet.  The  steam  is  conveyed  to  the  pump  directly  from  the  boiler  by  a 
4-inch  pipe  reduced  1^  Inches,  and  the  lift  is  65  feet.  The  pump  is 
operated  twelve  hours  each  day,  having  an  actual  capacity  of  500 
gallons  per  minute,  or  1.11  second-feet,  and  is  expected  to  irrigate  125 
acres.  So  far  only  50  acres  have  been  watered.  The  land  is  planted 
in  grapes,  corn,  sorghum,  alfalfa,  and  tomatoes.  The  water  is  car- 
ried to  the  land  in  a  12-inch  iron  pipe,  2,000  feet  long,  with  outlet^s 
at  intervals,  thus  avoiding  waste  by  seepage.  The  intention  is  U^ 
put  in  a  pump  which  will  utilize  more  or  all  of  the  power  as  soon  as 
the  agricultural  situation  warrants  it.  Another  pumping  plant  owned 
by  J.  S.  Taylor,  a  successful  grape  grower,  is  reported  as  consisting 
of  two  80-horsepower  boilers  and  a  pump  having  a  capacity  of  1,250 
gallons  per  minute.  E.  T.  Lamphere  has  a  10-horsepower  Weber 
gasoline  engine  with  a  triplex  Van  Wie  pump,  raising  300  gallons  of 
water  per  minute.  Attention  is  given  to  this  about  once  in  six  or  eight 
hours,  and  at  one  time  during  the  summer,  under  pressure,  the  pump 
was  operated  continuously  four  days  and  nights,  stopping  only  to  oil 
the  machinery. 

Three  miles  from  Laredo,  L.  D.  Sterneberg  has  a  windmill  by  which 
he  pumps  from  the  river  when  there  is  sufficient  wind,  irrigating  3 
acres,  except  in  the  months  of  October  and  November.  The  cost  of 
his  outfit  was  $220.  Three  miles  north  of  Laredo,  C.  A.  Charleston 
has  had  better  success  with  windmill  irrigation  than  anyone  else  in 
that  section.  He  uses  a  12-foot  wheel  and  pumps  from  a  30-foot  well 
into  a  reservoir  of  5,000  gallons  capacity,  irrigating  about  5  acres. 
The  total  cost  of  the  plant  was  1425.  He  finds  his  present  reservoir 
too  small  and  is  building  one  of  300,000  gallons,  or  0.92  acre-foot, 
capacity. 

At  Hidalgo,  down  toward  the  mouth  of  the  Rio  Grande,  is  a  steam- 
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pumping  plant  owned  by  Closner  A  Lipscomb.  It  consists  of  a  25- 
horsepower  engine  operating  a  centrifugal  pump  with  a  capacity  of 
4,750  gallons  per  minute,  or  10.58  second-feet.  The  water  is  pumped 
from  the  Rio  Grande  and  is  used  for  irrigating  100  acres  in  sugar 
cane  and  com. 

In  the  vicinity  of  Brownsville,  near  the  mouth  of  the  Rio  Grande, 
there  has  been  considerable  interest  shown  in  irrigation  by  pumping. 
The  plant  of  Rabb  &  Stark,  located  6  miles  east  of  Brownsville,  on 
the  river,  was  built  in  1891,  and  consists  of  a  50-hor8epower  boiler 
and  a  40-horsepower  engine  operating  a  Menge  pump  with  a  theoret- 
ical capacity  of  9,000  gallons  per  minute,  or  20  second-feet.  The 
average  lift  is  18  feet,  and  the  pump  is  run  about  twelve  hours  each 
day  during  the  irrigation  season.  There  is  no  reservoir  used,  the 
water  being  pumped  directly  into  the  ditches.  The  estimated  cost  of 
the  plant  is  $2,000,  and  it  irrigates  200  acres  in  sugar  cane,  cotton, 
and  com. 

George  Brulay,  of  Brownsville,  also  has  a  pumping  plant  worthy 
of  attention.  It  is  located  8  miles  below  Brownsville,  in  Cameron 
County,  and  was  completed  and  iirst  used  in  1896.  It  consists  of 
two  boilers  having  an  aggregate  capacity  of  100  horsepower  and  a 
45-horsepower  Morris  centrifugal  pump  with  a  maximum  pumping 
capacity  of  8,000  gallons  per  minute,  or  17.82  second-feet.  The  total 
lift  required  is  22  feet,  and  the  pump  is  run  about  fourteen  hours  per 
day  when  used.  It  is  designed  to  cover  300  acres,  but  so  far  only  200 
acres  planted  in  sugar  cane  have  been  irrigated. 

E.  H.  Goodrich  reports  having  put  in  a  10-horsepower  Priestman 
engine  on  a  resaca  on  his  place,  6  miles  north  of  Brownsville,  in  March, 
1897,  but  has  used  it  very  little,  owing  to  the  favorable  weather  and 
the  ditches  not  being  finished.  With  two  12-foot  windmills  on  the 
same  place  he  irrigated  last  year  about  35  acres  in  corn,  cotton,  and 
garden  truck.  He  has  also  irrigated  between  15  and  18  acres  on  his 
place  3  miles  north  of  Brownsville  with  a  14-foot  windmill,  pumping 
from  a  well  dug  on  the  bank  of  a  resaca.  The  distance  to  the  water 
varies  from  5  to  12  feet,  and  the  pumps,  which  are  three  in  num- 
ber, empty  into  a  flume  connecting  directly  with  the  ditches.  He 
is  confident  that  he  could  have  accomplished  much  more  with  the 
windmills  if  he  had  used  a  reservoir.  The  total  cost  of  the  last-named 
plant  was  $300. 

LLANO  ESTACADO. 

The  arid  portion  of  Texas,  or  that  part  with  an  average  annual  rain- 
fall of  less  than  20  inches,  consists  principally  of  the  Llano  Estacado 
and  Trans-Pecos  regions.  These  differ  so  widely  in  topography  and 
climate  that  they  should  be  discussed  separat-ely.  The  Llano  Esta- 
cado has  been  described  as  a  great  plateau  having  an  area  of  about 
36,000  square  miles  and  with  an  almost  perfectly  flat  surface,  which 
rises  gradually  toward  the  northwest.    No  rivers  cross  its  surface  and 
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at  only  a  few  widely  scattered  localities,  and  for  short  distances,  is 
flowing  water  to  be  found.  The  soil  is  of  such  character  that  it  readily 
drinks  in  the  rain  which  falls  upon  it.  This  water,  or  that  part  of 
it  which  is  not  soon  evaporated,  percolates  downward  and  is  reached 
by  wells  of  from  40  to  200  feet  in  depth.  Many  of  these  wells  are 
capable  of  furnishing  a  supply  almost  inexhaustible  to  ordinary  means 
of  pumping.  The  soil  is  too  dry  to  be  successfully  cultivated  without 
irrigation,  and  this  can  be  practiced,  if  at  all,  only  by  means  of  water 
raised  by  pumps.  Pumping  is  most  cheaply  accomplished  by  means 
of  windmills,  these  being  particularly  successful  owing  to  the  almost 
constant  winds  that  sweep  across  the  plains. 

Windmills  have  been  used  for  many  years  to  furnish  water  for  stock 
purposes,  and  they  have  been  tried  successfully  on  a  small  scale  for 
irrigation.  The  settlers  of  this  region  have  learned  to  appreciate  the 
value  and  limitations  of  devices  of  this  character  for  raising  water. 
Reservoirs  or  tanks  are  almost  always  used  in  connection  with  the 
mills.  These  are  made  by  scraping  away  the  surface  soil  and  piling 
it  in  a  continuous  wall,  forming  banks  from  4  to  6  feet  high.  The 
sides  and  bottom  are  made  imx>ervious  by  turning  in  a  little  water  at 
a  time  and  puddling  the  soil  by  driving  horses  cr  cattle  about  in  it  for 
a  day  or  more.  The  following  instances  illustrate  the  progress  within 
this  area: 

About  the  center  of  the  Llano  Estacado,  in  Hale  County,  T.  W. 
Morrison  owns  a  plant  consisting  of  two  aermotor  wheels,  8  and  12 
feet  in  diameter,  respectively,  pumping  from  wells  50  feet  deep,  with 
water  at  20  feet  below  the  surface.  Each  windmill  lifts  the  water  35 
feet.  One  wheel  is  used  for  supplying  the  residence;  l^e  oth^ 
pumps  into  a  reservoir  125  feet  long  and  100  feet  wide  and  4  feet 
deep.  This  irrigates  from  5  to  6  acres,  besides  furnishing  water  for 
the  stock.  His  wheels  have  been  in  use  since  1891.  J.  H.  Wayland, 
of  the  same  county,  has  three  aermotors  pumping  from  wells  35  to  60 
feet  deep  into  a  reservoir  300  feet  long,  75  feet  wide,  and  6  feet  deep, 
and  expects  to  irrigate  25  acres,  of  which  15  were  irrigated  in  1896. 
The  total  cost  of  the  wells,  pumps,  wheels,  and  reservoir  was  $505. 
The  total  cost  of  the  plant,  which  must  include  land  and  fencing,  is 
given  as  $1,000.  Southeasterly  from  here,  at  Emma,  in  Crosby 
County,  J.  W.  Murray  has  an  8-foot  windmill  pumping  from  a  well 
174  feet  deep,  with  water  at  124  feet.  He  pumps  into  barrels,  from 
which  he  irrigates  about  1^  acres.     The  total  cost  was  $222. 

Along  the  Texas  and  Pacific  Railroad,  especially  at  Midland  and 
Marienfeld,  there  has  been  considerable  interest  taken  in  this  form 
of  irrigation.  It  is  claimed  by  a  man  of  experience — ^A.  Rawlins— 
that  two  8-foot  aermotors,  pumping  from  wells  40  feet  deep,  with 
water  sufficient  to  keep  a  4-inch  pump  running  into  a  tank  100  feet 
square,  with  a  6-foot  bank,  will  give  sufficient  water  to  irrigate  10 
acres  in  fruits  and  vines  the  first  year,  12  acres  the  second  year,  and 
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15  acres  the  third.  Grain  and  garden  vegetables^  which  require  more 
water,  will  cut  down  the  average.  Fifteen  head  of  horses  will  puddle 
a  tank  satisfactorily.  He  is  irrigating  10  acres  in  cotton  with  two 
12-foot  aermotorSy  pumping  from  wells  125  feet  deep  into  a  tank  65 
feet  square. 

This  region  is  so  sparsely  settled  and  accessible  with  such  difficulty 
that  it  has  not  been  practicable  to  obtain  full  information  concerning 
the  small  irrigating  plants  scattered  here  and  there.  Sufficient  has 
been  learned,  however,  to  justify  the  belief  that  this  method  of  agri- 
culture is  becoming  a  more  and  more  important  factor  in  the  devel- 
opment of  this  area,  reducing  the  cost  of  supplies,  and  thus  aiding  in 
the  main  industry,  that  of  cattle  raising. 

Willard  D.  Johnson,  hydrographer  of  the  United  States  Greological 
Survey,  states  that  at  not  more  than  half  a  dozen  places  in  the  Pan- 
handle, probably,  is  there  irrigation,  from  a  single  plant,  of  more  than 
a  small  garden  patch,  and  that  of  these  but  two  show  any  develop- 
ment worth  mentioning.  These  two  are  headquarter  ranches  of  large 
cattle  companies^  At  the  majority  of  such  cattle-ranch  headquarters, 
however,  there  is  absolute  barrenness.  The  exceptions  are  the 
**L.  E."  ranch,  on  Romero  Creek,  a  small  spring-fed  tributary  of  the 
Canadian  from  the  north,  and  a  ranch  on  Adobe  Wall  Creek,  another 
spring-fed  tj-ibutary  of  the  Canadian  from  the  north.  As  a  result  of 
irrigation,  practically  from  springs,  these  two  large  ranches  are  able 
to  supply  themselves  with  a  variety  of  vegetables  and  fruits,  and  in 
addition  grow  several  hundred  acres  of  alfalfa  and  other  forage  crops. 

At  the  '^L.  E."  ranch  the  garden  produces  much  more  abundantly 
than  is  demanded  for  the  needs  of  the  ranch,  and  much  of  this  extra 
produce  is  given  away  to  neighbors.  The  fruit  trees  which  bear  suc- 
cessfully are  the  apple,  pear,  peach,  apricot,  nectarine,  plum,  and 
cherry.  Of  shade  trees  about  the  house  there  are  locust,  ash,  willow, 
osage  orange,  and  cottonwood.  There  is  also  a  vineyard  yielding 
several  varieties  of  excellent  grapes.  This  ranch  was  visited  by  Mr. 
Johnson.  The  other  ranch,  not  visited,  is  reported  to  have  more 
alfalfa  and  about  an  equal  display  of  garden  produce.  Each  of  these 
ranches  is  located  below  the  edge  of  the  plains,  in  the  little  valley  of 
a  spring  creek  of  which  it  uses  all  the  water.  More  can  be  done  in 
each  case  by  storage,  which,  in  fact,  is  contemplated  in  the  case  of 
the  "L.  E.''  ranch.  The  great  "X.  I.  T."  company  does  a  little  in 
irrigation  at  several  of  its  headquarter  ranches,  but  much  less  than 
might  easily  be  accomplished. 

The  two  garden  spots  referred  to  are  notable  object  lessons  to  the 
whole  of  the  Panhandle.  Spring  creeks  in  the  region  are  not  numer- 
ous, but  only  in  these  two  cases  have  they  been  fully  utilized,  and  the 
examples  thus  set  are  destined  to  be  rapidly  imitated. 

Of  the  future  of  irrigation  here  in  general,  it  may  be  said  that  there 
is  opportunity  for  but  the  little  indicated,  at  these  widely  scattered 
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spots,  but  that  this  little  will  prove  to  be  just  that  small  amount 
needed  for  rendering  practicable  the  utilization  of  the  high  plains 
for  stock  raising,  under  conditions  that  will  be  bearable  for  those  who 
have  to  live  upon  these  great  pasture  lands  for  the  conduct  of  the 
stock  industry. 

PBCOS  VALLEY. 

Pecos  River  rises  in  the  northeastern  portion  of  New  Mexico  and 
flows  in  a  general  southerly  course  through  the  southeastern  part  of 
that  Territory,  crossing  the  western  prolongation  of  Texas  and  finally 
entering  the  Rio  Grande  at  about  the  lower  third  of  the  length  of  that 


Fio.  12L— Map  showing  location  of  Margneretta  Canal. 

stream.  It  is  supplied  to  a  considerable  extent  by  water  from  large 
springs  which  issue  from  the  limestone  rocks  of  the  region,  of  which 
Roswell  is  now  the  principal  town.  These  maintain  the  i)erennial 
flow  of  the  river,  the  run-off  from  the  catchment  basin  being  irregular 
in  character  and  shrinking  at  times  to  relatively  small  amounts.  Large 
irrigation  works  have  been  constructed  in  the  vicinity  of  Roswell  and 
at  points  below,  utilizing  the  greater  part  of  the  summer  flow  of  the 
river,  so  that  during  the  dry  season  of  the  year  little  water  crosses 
the  Texas  line.  That  which  does  flow  in  the  stream  is  largely  derived 
from  the  seepage  of  irrigated  lands  above  and  is  heavily  charged  with 
alkaline  salts.     Irrigation  canals  have,  however,  been  constructed 
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along  the  valley  in  Texas,  principally  near  the  town  of  Pecos,  at  the 
crossing  of  the  Texas  and  Pacific  Railroad.  The  valley  is  fertile,  and 
where  properly  irrigated  large  crops  are  produced. 

The  most  important  irrigation  system  along  the  river  in  Texas  is 
the  one  nearest  the  New  Mexico  line,  known  as  the  Margueretta  Canal. 
This  was  begun  in  1887  by  the  Pioneer  Canal  Company,  afterwards 
consolidated  with  the  Margueretta  Canal  Company,  which  now  owns 
the  whole  system.  Water  is  diverted  by  means  of  a  brush  dam,  it 
being  deemed  impracticable  to  build  a  masonry  structure  in  the 
sandy  river  bid.  The  dam  is  90  feet  long  and  5  feet  high.  The  canal 
is  built,  a«  shown  in  fig.  12,  on  the  western  side  of  the  river  for  3  miles, 
then  crosses  the  stream  on  a  flume  (shown  in  PI.  VIII),  and  runs  in  a 
general  easterly  direction  for  12  miles.  There  is  also  a  branch  con- 
tinuing down  the  west  bank  for  a  considerable  distance,  being  the 
main  part  of  the  old  Pioneer  Canal;  but  this  has  been  abandoned, 
there  being  no  farms  in  cultivation  for  more  than  a  mile  or  so  below 
the  flume.  The  dimensions  of  the  main  ditch  are:  top  width,  30  feet; 
bottom  width,  18  feet;  depth  of  water,  4^  feet.  There  are  three 
principal  laterals,  with  a  bottom  width  of  12,  6,  and  8  feet,  respectively. 
The  canal  was  first  used  in  1889,  and  the  extent  of  land  irrigated 
by  it  is  steadily  increasing.  The  total  cost  of  the  system  was  over 
1150,000,  and  the  acreage  it  is  designed  to  cover  is  about  40,000,  only 
6,000  of  which  are  as  yet  under  cultivation.  The  water  rights  are 
sold  at  $10  per  acre,  a  permanent  right  guaranteeing  25  inches  of 
water  to  the  acre.  The  annual  rental  is  $1  and  11.50  for  each  acre 
served  with  water.  The  principal  crop  is  cotton,  of  which  there  are 
about  3,500  acres.  The  other  crops  cultivated  are  alfalfa,  sugar  beets, 
and  all  kinds  of  forage  plants,  fruits,  and  vegetables. 

Sugar  beets  tested  in  1896  showed  between  14  and  20  per  cent  of 
saccharine  matter.  Peaches,  apples,  and  grapes  do  well.  Cotton 
averages  500  pounds  of  lint  to  the  acre.  The  annual  rainfall  is  about 
12  inches.  Owing  to  the  high  elevation  (2,700  feet)  the  seasons  are 
much  later  than  in  most  of  the  irrigated  parts  of  the  State.  The 
enterprise  seems  to  have  been  conducted  with  energy  and  care,  the 
canals  and  head  gates  are  well  planned  and  well  built,  and  all  together 
the  scene  about  Barstow,  the  center  of  the  irrigated  portion,  has  a 
general  air  of  healthy  growth  and  prosperity  that  is  very  pleasing  to 
the  eye  after  the  many  miles  of  desert  scenery  between  it  and  El  Paso. 
There  are,  however,  a  number  of  problems  that  must  be  solved  before 
agriculture  will  be  successful  in  all  places.  Much  of  the  land  is 
impregnated  with  what  is  known  as  alkali.  At  first  this  does  not  prove 
troublesome,  but  after  a  few  years  of  cultivation  it  may  be  brought 
to  the  surface  by  injudicious  treatment.  The  river  water  used  in 
irrigation  continually  adds  to  the  supply  of  this  mineral  matter.  The 
only  remedy  so  far  applied  is  drainage,  this  being  as  important  in 
its  way  as  irrigation.     The  land  is  very  nearly  level,  and  considerable 
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care  will  be  required  to  provide  means  by  which  the  accumulated 
alkali  can  be  washed  from  the  soil.  One  of  the  principal  crops  is 
alfalfa,  which  sells  at  $8  i>er  ton  on  the  ean^  at  Pecos  and  at  $10  per 
ton  retail. 

Flowing  wells  have  been  obtained  in  this  valley  near  the  town  of 
Pecos.  Most  of  this  wat^r  contains  mineral  matter  in  solution,  sul- 
phur being  especially  noticeable.  The  water  from  the  wells  is  used 
for  domestic  purposes  and  also  for  irrigating  kitchen  gardens  and 
fruit  and  shade  trees. 

About  28  miles  below  Pecos  is  the  canal  of  the  Pecos  River  Irriga- 
tion Company,  on  the  west  side  of  the  river,  running  in  a  gener^ 
southeasterly  direction  for  12  miles.  It  is  the  oldest  ditch  on  the 
river  in  Texas,  having  been  built  in  1875  and  1876.  It  was  enlarged 
in  1889  and  used  again  in  1890,  but  has  never  been  entirely  completed 
in  its  enlarged  condition.  It  takes  its  water  by  means  of  a  brush-and- 
stone  dam  about  60  feet  long  and  5  to  6  feet  high.  The  total  cost  of 
the  undertaking  is  given  as  about  $35,000,  and  the  cost  of  the  water 
rights  as  from  $2.50  to  $5  per  acre,  with  an  annual  assessment  of  50 
cents  per  acre.  It  is  designed  to  irrigate  20,000  acres,  but  only  600 
were  irrigated  in  1896.  There  is  complaint  that  the  water  supply  was 
very  short  for  several  years,  especially  in  1892,  1893,  and  1894,  just 
after  the  dam  at  Eddy,  New  Mexico,  was  completed.  The  flow  has 
increased  since  then,  but  the  river  becomes  quite  low  and  the  water 
bitter  in  March  and  April  of  each  year.  On  this  account  it  is  for- 
tunate that  the  season  is  so  late  here  that  cotton  is  not  planted  before 
April  15,  com  about  May  15,  and  alfalfa  in  June.  The  soils  and  crops 
raised  on  them  are  similar  to  those  at  Pecos  and  Barstow. 

The  Grand  Falls  Irrigation  and  Improvement  Company  takes  out  a 
canal  4  miles  below  the  headgates  of  the  one  just  discussed,  but  on  the 
opposite  side  of  the  river.  It  was  begun  in  1896  and  is  finished  for 
16  miles;  it  is  supplied  by  a  brush-and -stone  dam  across  the  river,  100 
feet  long  and  7  feet  high.  The  water  rights  are  valued  at  $15  per  acre 
and  the  annual  assessment  is  $1.25  per  acre. 

On  Comanche  Creek,  near  Fort  Stockton,  in  Pecos  County,  are  two 
farms  irrigated  from  ditches.  That  of  the  Southwestern  Irrigation 
Company  is  nearest  the  head  of  the  creek;  it  is  on  the  east  side,  6 
miles  in  length,  with  top  width  of  7  feet,  bottom  width  6  feet,  and 
depth  of  water  2^  feet.  It  is  filled  by  means  of  a  loose-rock  dam  20 
feet  long  and  6  feet  high.  Mo]*e  than  1,000  acres  have  been  culti- 
vated, though  only  400  were  tilled  in  1896.  The  princix>al  crops  were 
alfalfa  and  corn.  The  200  acres  in  alfalfa  gave  an  average  of  5  tons 
to  the  acre,  the  alfalfa  being  cut  ^ve  times.  Com  yielded  25  bushels 
to  the  acre.  The  lands  are  cultivated  entirely  by  the  company  own- 
ing the  canal.  The  only  other  ditch  of  importance  is  that  of  the 
Rooney  Irrigation  Company.  It  runs  on  the  west  side  of  the  creek 
for  a  distance  of  7  miles,  its  dimensions  being  12  feet  wide  on  top,  8 
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feet  wide  on  bottom,  and  having  water  3  feet  in  depth.  It  was  built 
in  1875  and  commands  1,200  acres,  of  which  1,000  were  irrigated  in 
1896.  The  principal  crops  were  corn,  wheat,  oats,  cotton,  and  alfalfa. 
At  the  lower  end  of  its  course  Pecos  River  flows  through  a  narrow 
canyon,  illustrated  on  PI.  IX,  taken  from  Part  II  of  the  Eighteenth 
Annual  Report^  of  this  Survey.  This  shows  the  new  bridge  of  the 
Southern  Pacific  Railroad  crossing  10  miles  above  the  Rio  Grande. 

TRANS-PECOS  TEXAS. 

That  portion  of  the  State  west  of  Pecos  River  is  commonly  known 
as  Trans-Pecos  Texas.  It  is  a  peculiar  country,  rough  and  mountain- 
ous, with  no  perennial  streams.  The  storm  waters  rush  out  upon  the 
lowlands  and  are  rapidly  absorbed  in  the  sandy  plains,  from  which 
the  mountains  rise  abruptly  as  isolated  peaks  or  ranges.  The  soil  of 
these  plains  is  of  remarkable  fertility  and  when  watered  produces 
abundantly.  Irrigation,  however,  is  practicable  only  by  means  of 
storage  reservoirs  holding  the  storm  waters.  Such  reservoir  sites 
[)ccur  in  many  places,  and  several  of  them  have  been  mapped  by  the 
topographers  of  the  Geological  Survey. 

Trans-Pecos  Texas  is  bounded  on  the  west  and  south  by  the  Rio 
Grande,  from  which  water  is  taken  for  irrigation  mainly  in  the  vicin- 
ity of  El  Paso.  There  are,  however,  a  few  tracks  watered  by  small 
Lost  streams,  there  being  in  particular  about  75  acres  imgated  from 
Lympia  Creek. 

At  El  Paso  the  principal  canal  is  that  owned  by  the  El  Paso  Irriga- 
tion Ck>mpany.  It  was  begun  in  1889  and  completed  in  1891.  Later 
the  affairs  of  the  company  were  put  into  the  hands  of  a  receiver,  and 
the  property  was  bought  at  receiver's  sale  by  Thomas  Worthington, 
ot  Manchester,  England,  the  trustee  for  the  bondholders.  It  begins 
I  mile  northwest  of  the  town  of  El  Paso  and  runs  in  a  generally  south- 
eastern direction  for  30  miles.  At  the  beginning  its  width  is  30  feet, 
but  it  gradually  diminishes  to  15  feet  at  Fabens,  where  it  returns  to 
the  Rio  Grande.  Water  is  diverted  by  a  masonry  wing  dam,  extend- 
ing diagonally  up  the  river  for  about  300  feet  and  about  half  way 
across,  as  shown  in  PI.  X.  The  original  cost  was  approximately 
$150,000,  and  some  $70,000  has  since  been  expended  for  protection 
from  overflows  and  for  repairs.  The  water  rights  under  the  new 
management  have  not  yet  been  issued.  The  yearly  water  rental  is 
12  per  acre.  The  canal  was  designed  to  cover  30,000  acres;  3,000 
were  irrigated  from  it  during  1896. 

There  are  three  old  Mexican  ditches  taken  from  the  Rio  Grande 
below  El  Paso  on  the  American  side,  at  Ysleta,  Socorro,  and  San  Eliza- 
rio,  irrigating  from  1,000  to  1,200  acres  each.  The  total  area  watered  in 
the  county  is  estimated  at  8,000  acres.     Irrigation  has  been  practiced 

*  G^eologj  of  the  Edwards  Platean  and  Bio  Grande  Plain,  adjacent  to  Anstin  and  San  Antonio, 
Texas,  etc.,  by  Robert  T.  HUl  andT.  Wayland  Vanghan,  PI.  XXV,  p.  206. 
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here  probably  longer  than  in  any  other  part  of  the  United  States. 
The  old  Spanish  records  say  that  when  this  pass  of  the  river  was  first 
reached  by  the  exploring  party  of  Coronado,  villages  of  Indians  were 
found  on  the  Mexican  side  on  the  site  of  the  present  town  of  Juarez 
and  on  the  American  side  at  Ysleta  and  below.  These  Indians  had  a 
system  of  irrigation  of  seemingly  great  antiquity,  which  has  been  con- 
tinued and  carried  on  by  the  descendants  of  the  aborigines  and  those 
of  their  conquerors  continuously  for  three  hundred  and  fifty  years. 

During  the  spring  of  1897  the  large  canal  was  damaged  by  the  flood 
that  submerged  so  much  of  the  town  of  El  Paso.  This  flood  reached 
its  height  on  May  26  and  quickly  subsided.  The  banks  were  badly 
cut  and  the  canal  was  completely  obliterated  in  some  places.  The 
truck  gardens  and  orchards  near  the  city  were  flooded  and  damaged, 
a  layer  of  mud  about  3  inches  thick  being  deposited  over  the  surface. 
It  was  noticeable  that  while  most  trees  withstood  the  flooding  com- 
paratively well,  the  peach  trees  were  almost  uniformly  killed.  Fortu- 
nately for  the  farmers  lower  down,  a  portion  of  the  river  cut  for  itself 
a  fresh  channel,  curving  inward,  crossing  the  canal,  and  then  recross- 
ing  it  at  the  last  point  at  which  the  banks  were  damaged.  In  this  way 
they  have  been  supplied  with  water  and  are  able  to  save  their  crops, 
which  otherwise  would  have  been  ruined. 
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Dbpartment  of  the  Interior, 
United  States  Geological  Survey, 

Division  of  Hydrography, 
Washington,  January  24,  1898. 

Sir:  I  have  the  honor  to  transmit  herewith  a  paper  entitled  New 
Tests  of  Certain  Pumps  and  Water  Lifts  Used  in  Irrigation,  by  Ozni 
P.  Hood,  professor  of  mechanics  and  engineering  at  the  State  Agri- 
cultural College,  Manhattan,  Kansas,  and  to  recommend  that  it  be 
published  in  the  series  of  Water-Supply  and  Irrigation  Papers.  The 
facts  herein  briefly  set  forth  represent  a  large  body  of  original  experi- 
mental work  by  Professor  Hood  and  assistants,  begun  in  the  summer 
of  1896  and  but  recently  brought  to  a  finish. 

While  the  water  lifts  have  had  their  origin  in  the  needs  of  irri- 
gation, devices  for  pumping  have  not;  with  them,  indeed,  there  is 
no  special  adaptation  to  irrigation  use.  Economy  of  power  must  be 
the  essence  of  such  adaptation;  time  is  not,  for  ample  time  can  be 
taken  to  secure  the  full  supply.  But  with  existing  designs,  as,  for 
example,  the  deep-mine  varieties,  the  aim  usually  has  been  rather  to 
attain  rapidity  of  delivery,  even  at  the  cost  of  wasteful  expenditure 
of  i)Ower.  Among  appliances  for  irrigation,  pumps,  of  whatever  kind, 
are  but  in  a  trial  stage.  Their  wide  use  and  the  extension  of  irriga- 
tion possibilities  that  would  result  can  come  only  through  adaptations 
in  design  especially  economical  of  power.  It  should  not  be  left  to 
come  by  gradual  evolution  through  chance  suggestions  of  practice, 
but  should  be  deliberately  brought  about  by  engineers.  Professor 
Hood's  experimental  determinations  of  efficiencies  and  of  the  little 
sources  of  frictional  loss  have  contributed  data  which  will  be  useful 
for  this  purpose. 

Very  respectfully,  F.  H.  Newell, 

Hydrographer  in  Clmrge, 

Hon.  Charles  D.  Walcott, 

Director  United  States  Oeologiixd  Survey, 
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Pin.  I.— Venial  nectloiM  of  bncket  pomp.    A,  ordlnftry  form:  B,  with  stnJIIiiB 


Fia.  S.— Tertieal  sectiona  of  piston  and  planger  pniapii.    A.  pirton  pnmp:  B, 
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A  bncket  pump  is  on©  in  which  the  reciprocatiDg  piston  has  ft  valve- 
covered  opening  through  it.  Such  a  pump  ia  shown  diagrommatically 
in  fig.  1,  A.  Between  the  incoming  water  and  the  piston  is  another 
valve-covered  opening. 

If  the  pump  parts  are  so  placed  that  the  suction  valve  comes  below 
the  normal  water  level,  it  is  called  a  lift  pump.  If,  on  the  other  hand, 
the  suction  lift  is  relatively  great  and  the  deliverj-  pipe  short,  it  is 
called  a  snction  pump.  Most  pumps,  however,  by  reason  of  the  more 
even  proportioning  of  these  parts,  are  called  combined  suction  and 


lift  pumps.  Fig.  1,  B,  shows  a  pump  in  which  the  pamp  rod  is  car- 
ried through  a  stuffing  box,  whereby  it  is  rendered  unnecessary  for 
the  deUvery  pii»e  to  follow  the  pump  rod.  A  piston  pump  is  one  in 
which  the  piston  carries  no  valve,  the  discharge  valve  being  other- 
wise placed,  as  in  fig.  2,  A.  Fig.  2,  B,  shows  a  plunger  pump,  a 
solid  plunger,  packed  on  the  outside,  replacing  the  piston,  which  is 
packed  on  the  inside.  Fig.  3,  A,  indicates  one  of  several  methods  of 
obtaining  large  valve  openings.  Fig.  3,  B,  shows  a  double-acting 
pnmp,  serving  as  a  suction  and  force  pump  and  acting  in  either  direc- 
tion of  movement  of  the  piston.  For  irrigation  the  type  most  in  favor 
is  that  shown  in  fig  1,  ^,  operated  as  a  simple  lift  pomp. 
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Whenever,  within  a  closed  vessel,  the  nonnal  air  pressure  is  by  any 
means  diminished,  there  results  what  is  commonly  called  suction. 
Suction  is  here  but  a  manifestation  of 
superior  pressure  on  the  part  of  the 
external  air.  This  atmospheric  pres- 
sure, though  varying  continually,  is, 
at  sea  level,  abont  14.7  pounds  per 
square  inch,  Acolnmn  of  water  abont 
31  feet  in  height  exerts  an  equal  pres- 
sure. Hence,toraisethepi8ton,Bhown 
in  fig.  4,  it  is  necessary  not  only  to  lift 
the  column  of  water,  L,  already  above 
the  piston,  but  to  overcome  as  well  the 
atmospheric  pressure,  equivalent  to  an 
additional  column  of  water,  B,  3i  feet 
in  height;  or  to  overcome,  in  total,  a 
pressure  equivaient  to  the  weight  of  a 
column  of  water,  L+B. 

But  with  the  raising  of  the  piston 
conditions  for  suction,  so  called,  are 
thereby  at  the  same  time  established, 
i.  e.,  the  water  surface  in  the  pump 
tube  below  the  piston  is  relieved  of 
pressure,  whereas  outside  the  tube 
the  atmospheric  pressiire  continues, 
undisturbed,  upon  the  surrounding 
water  surface.  It  results  that,  by 
reason  of  this  pressure  without,  water 
is  forced  upward  in  the  pump  tube; 
and  it  continues  to  follow  the  piston  to 
a  balancing  height,  which  at  sea  level, 
as  stated,  is  3i  feet.  If  the  lift  of  the 
piston  is  short  of  this  height  the  ris- 
ing water  will  bear  upward  against  the 
under  side  of  the  piston  with  a  pres- 
sure equivalent  to  the  weight  of  so 
much  of  the  column  as  remains,  or 
B — S;  less,  however,  such  force  as 
may  be  used  up  in  overcoming  the 
various  resistances  during  motion. 
As  the  piston  lift  does  in  fact  always 
stop  short  of  this  maximum,  the  rem- 
nant of  pressure,  B — S,  serves  as  a 
head  of  water  for  effecting  flow  into  the  suction  pipe  and  for  filling 
the  cylinder.     Though  the  theoretical  limit  to  the  height  of  suction  is 
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about  34  feet,  a  practical  limit  is  reached  at  from  25  to  30  feet,  depend- 
ing on  the  i)erfection  of  packing,  the  tightness  of  joints,  and  the 
piston  speed.  If,  however,  the  piston  si>eed  be  too  great,  the  head 
of  water  (B — S)  may  not  be  able  to  produce  a  flow  snfficiently  rapid 
to  follow  it,  and  in  consequence  there  will  be  incomplete  filling  of 
the  cylinder  during  the  period  of  the  upstroke. 

The  water  will  encounter  resistances  to  flow  in  the  suction  pipe,  such 
as  those  involved  in  friction  against  its  sides,  in  lifting  the  suction 
valve,  and  in  passing  through  the  reduced  valve  opening,  all  of  which 
resistances  will  tend  to  diminish  its  velocity  of  entry  into  the  cylin- 
der. The  less  the  height  of  the  suction  lift  the  greater  will  be  the 
head  left  for  overcoming  these  resistances,  thereby  admitting  of  a 
more  rapid  rate  of  flUing  and  a  higher  piston  speed.  Again,  by 
enlarging  the  suction  pipe  and  thereby  reducing  the  sum  of  the  fric^ 
tional  resistances  the  flow  will  be  increased.  It  follows  that  in  prac- 
tice many  pumps  have  suction  pipes  of  larger  diameter  than  their 
discharge  pipes. 

The  height  of  suction  lift  limits  the  possible  piston  speed.  To  show 
this,  a  4-inch  by  14-inch  pump  was  arranged  to  discharge  water  at  a 
total  height  of  38  feet,  the  cylinder  being  placed  successively  at  vari- 
ous heights  in  the  pipe,  from  the  natural  water  level  up  to  the  limit 
of  suction.  The  suction  and  delivery  pipes  were  each  2  inches  in 
diameter.  The  various  speed  limits  reached  under  these  varied  con- 
ditions are  shown  in  fig.  22  (p.  35),  in  the  progressive  diminution  of 
discharge  due  to  incomplete  filling  of  the  cylinder.  The  upstroke  of 
the  piston  may  be  more  rapid  than  the  suction  uprise  of  the  water  fol- 
lowing it,  in  which  case  there  will  be  separation  of  the  piston  from  ' 
the  following  water.  This  separation  may  under  certain  conditions 
lead  to  a  shock.  The  separation  wiU  begin,  if  at  all,  with  the  begin- 
ning of  the  upstroke;  but  the  acceleration  of  the  upstroke  has  a  dimin- 
ishing rate,  while  the  speed  of  the  following  water  may  have  an 
increasing  rate.  If  the  water  overtake  the  piston  about  midway  of 
its  rise,  the  meeting  will  be  without  perceptible  shock;  if  near  the 
end  of  its  stroke,  the  shock  may  be  considerable.  If,  on  the  other 
hand,  the  piston  has  time  to  complete  the  upstroke  and  accomplish  a 
part  of  its  return,  the  shock  may  be  severe. 

It  is  these  recurring  shocks  which  produce  what  is  called  pounding. 
This  action  is  shown  in  the  accompanying  diagrams,  figs.  5  to  8, 
which  exhibit  the  pull  on  the  pump  rod  at  various  stages  of  its  stroke. 
In  fig.  5,  Ay  the  line  Xy  from  A  to  B,  represents  the  length  of  the 
stroke,  the  direction  AB  the  upstroke,  the  direction  BA  the  down- 
stroke.  Vertical  distances  above  the  line  x  represent  the  pull  in  the 
pump  rod.  Thus,  when  the  piston  has  reached  the  point  C  on  the 
upstroke,  the  pull  in  the  rod  is  represented  by  the  line  CD,  and  when 
it  has  reached  the  i)oint  £  the  stress  is  EF.  On  the  return  stroke  the 
stress  at  £  is  £6,  and  at  C  it  is  CH.    The  figures  here  referred  to  are 
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from  card  diagrams,  automatically  drawn  by  a  specially  devised  dyna- 
mometer, which  was  introduced  into  the  pump  rod  of  pumps  in  oper- 
tion,  so  that  they  record  actual  practice.  The  diagram  shown  in  fig. 
5,  Ay  gives  the  results  of  the  test  of  a  4-inch  pump  having  a  total  lift 
of  38  feet,  a  7-inch  suction  lift,  2-inch  suction  and  delivery  pipes,  and 
a  speed  of  thirty  14-inch  strokes  per  minute,  or  an  average  piston  speed 
of  70  feet  per  minute.  The  height  of  the  line  ab  shows  the  pull  neces- 
sary merely  to  support  the  column  of  water. 

At  the  starting  point.  A,  of  the  upstroke,  the  delivery  valve  closed, 
and  the  sudden  pull  on  the  rod  which  resulted  is  shown  by  the  long 
vertical  line.  The  depression  immediately  following  is  due  to  the 
spring  of  the  pump  rod  and  connections  upon  receiving  the  first 
large  stress.  The  upward  movement  of  the  water  column  having 
become  accelerated,  a  continually  lessening  pull  is  required  to  pro- 
duce its  discharge,  as  shown  by  the  rapidly  falling  upper  line. 
The  suction  valve  closes  at  B,  and  the  weight  of  piston  and 
rod  still  produces  a  small  tension  in  the  rod.  With 
excessive  friction,  or  at  high  speed,  this  re- 
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Fig.  6.— Dynamometer  diagrams  of  pximi>-rod  stresses.    A^  general;  B^  with  suction  lift  of  'SS% 

feet,  90  strokes  per  minnte. 

.  turn-stroke  line  frequently  falls  in  part  below  the  zero  line,  showing 
compression  in  the  pump  rod. 

In  fig.  5,  By  the  pump  was  given  a  suction  lift  of  30.8  feet,  with  the 
same  total  lift  and  speed,  however,  as  in  fig.  5,  A,  The  pull  on  the 
pump  rod  is  seen  to  be  very  differently  varied.  On  the  upstroke  this 
pull  is  much  less,  having  only  a  small  body  of  water  to  accelerate  in 
addition  to  the  weight  of  the  atmosphere  which  it  has  to  lift.  The 
load  remains  nearly  constant  throughout  the  upstroke,  the  piston  not 
being  aided  in  its  upward  movement,  toward  the  end,  by  the  momen- 
tum of  a  rising  column  of  water,  as  in  fig.  6,  A,  On  the  return  stroke 
the  downward  thrust  is  aided  by  the  weight  of  the  water  in. the  deliv- 
ery pipe  as  well  as  by  the  atmospheric  pressure,  and  is  resisted  only 
by  friction  in  the  cylinder  until  the  piston  reaches  the  point  z^  where 
it  encounters  the  slowly  rising  column  of  water.  The  blow  of  the 
piston  against  the  rising  water  momentarily  relieves  the  rod  of  ten- 
sion, as  shown  by  the  drop  in  the  vertical  line  in  the  diagram  at  t. 
This  opposing  pressure  is  at  once  dimished,  however,  by  the  opening 
of  the  piston  valve.  At  y  the  suction  valve  closes  and  remains  closed 
until  opened  at  w  on  the  upstroke. 

If  the  piston  speed  had  been  slower  the  cylinder  would  have  more 
nearly  filled,  as  shown  by  the  card  (fig.  6,  A)  taken  at  10  strokes 
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per  minate,  under  which  conditions  the  cylinder  had  become  more 
than  half  filled  before  the  shock  of  meeting.  In  fig.  6,  By  the  suction 
lift  was  24.7  feet,  and  at  a  speed  of  30  strokes  per  minute  the  cylin- 
der had  filled  to  the  point  x.  In  fig.  6,  (7,  at  a  speed  of  20  strokes, 
the  rising  water  overtook  the  more  slowly  rising  piston  during  the 
upstroke  at  the  point  z.  In  fig.  6,  Z>,  the  speed  was  but  15  strokes 
per  minute.  In  this  case  the  following  water  overtook  the  piston 
near  the  middle  of  its  upstroke,  when  the  difference  of  speeds  was 
not  great,  and  the  diagram  in  consequence  shows  at  a  but  slightly 
reduced  tension. 

It  is  characteristic  of  this  condition  of  high  suction  lift  that  with 
the  same  speed  the  upstroke  of  the  pump  starts  more  easily  than 
when  the  cylinder  is  full,  and  that  pounding  may  occur  at  any  point 
in  the  last  three-fourths  of  the  stroke — the  nearer  its  end  the  more 
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Fig.  0.— Dsnuunometer  diagrams  of  pump-rod  strosnes.  Ay  saction  lift  of  30.8  feet,  10  strokes 
per  minnte;  B^  suction  lift  of  24.07  feet,  90  strokes  per  minute;  C,  suction  lift  of  24.07  feet,  20 
strokes  per  minute;  Z>,  suction  lift  of  24.07  feet,  15  strokes  per  minute. 


severe.  A  sudden  change  or  reversal  of  stress  in  the  rod  produces 
disastrous  pounding  and  limits  the  speed  of  the  pump.  It  should  not 
be  forgotten  in  this  connection  that  it  is  weakening  of  saction  head, ' 
as  it  might  be  called,  that  is  the  real  cause  of  pounding,  and  that  the 
difficulty  may  arise  from  undue  frictional  resistance  to  flow  as  well 
as  from  excessive  suction  lift. 

It  has  been  a  common  practice,  in  order  to  prevent  an  intake  of 
sand  where  the  suction  pipe  is  itself  the  well  and  not  merely  a  pipe 
suspended  in  an  open  well,  to  have  the  whole  intake  at  the  foot  of  the 
suction  pipe  through  a  screen.  To  the  use  of  the  screen  there  are 
objections  of  a  serious  nature,  and  the  difficulty  which  is  met  by  its 
use  is  best  avoided  entirely  by  resorting  to  the  open  well.  However, 
if  the  screen  is  to  be  used  at  all,  the  total  area  of  its  perforations 
should  be  at  least  double  the  cross-section  area  of  the  suction  pipe. 
Even  then  the  screen  openings  will  in  time  become  clogged  to  such 
extent  as  greatly  to  increase  the  resistance.     Not  infrequently  in  a 
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pump  with  a  screen  intake  failure  to  All  is  wholly  due  to  a  clogged 
condition  of  the  screen. 

The  introduction  of  elbows  in  the  suction  pipe  is  to  be  avoided 
wherever  possible.  The  resistance  to  flow  which  they  offer  is  consid- 
erable. Again,  pipes  of  the  smaller  sizes  are  commonly  cut  with  the 
rolling  cutter,  which  raises  a  burr  on  the  inside  edge,  thereby  seriously 
reducing  the  entrance  diameter.  It  is  worth  while  to  remove  this 
burr.  The  following  table  shows  the  reduced  cross-section  area  of  a 
number  of  sizes  of  pipe  cut  with  this  tool: 

Reduction  of  cross-section  areas  of  pipes  of  various  size  cut  with  the  rolling  cutter. 


Diameter  of  pipe. 

^inch. 

i-inch. 

iinch. 

li-inch. 

14-inch. 

2-inch. 

24-inch. 

« 
• 

RedllCWd  ATMI 

Percent. 

87 

Percent. 
77-83 

Per  cent. 
8a-90 

Percent. 
8(V-88 

Percent. 
85 

Percent. 
90 

Percent. 

OR 

Wherever,  as  sometimes  happens,  it  becomes  necessary  to  extend 
the  suction  pipe  horizontally  for  any  distance,  such  horizontal  section 
should  be  given  a  larger  diameter  than  that  used  in  vertical  sections. 
The  larger  volume  of  water  which  the  head  (B — S,  fig.  4,  p.  14)  must 
move,  together  with  the  added  friction  of  the  increased  length  of  pipe 
and  of  the  necessary  turns,  reduces  the  velocity  of  the  incoming  water 
and  fixes  a  lower  limit  to  the  possible  piston  speed. 


UPSTROKE. 

On  the  upstroke  the  pump  simultaneously  performs  two  distinct 
operations:  It  lifts  directly  the  column  of  water  L  (fig.  4,  p.  14) 
and  the  atmospheric  column  above  it.  By  thus  completely  relieving 
of  load  the  column  of  water  below,  it  establishes  the  conditions  under 
which  that  lower  column  is  driven  upward  by  the  atmospheric  pres- 
sure without.  The  resistances  to  upward  movement  above  the  deliv- 
ery valve  offered  by  the  water  are  its  hydraulic  pressure,  its  inertia, 
and  its  friction.  The  hydraulic  pressure  depends  on  the  height  H, 
and  is  about  0.433  pound  per  square  inch  of  piston  area  for  each  foot 
of  height  of  water.  If  the  discharge  pipe  is  smaller  than  the  cylinder, 
the  velocity  of  the  discharging  water  will  be  correspondingly  greater. 
If  the  velocity  be  doubled,  the  frictional  resistances,  varying  as  the 
velocity  squared,  will  be  increased  four  times.  Furthermore,  water 
encounters  resistance  in  making  entrance  into  a  pipe;  wherefore  it  is 
desirable,  when  practicable,  that  the  discharge  pipe  should  have  the 
same  size  as  the  cylinder.  If  the  pump  rod  be  carried  through  a  stuff- 
ing box  its  friction  therein  will  be  considerable.  There  will  be  fric- 
tional loss  also  at  the  necessary  turns  in  the  delivery  pipe,  which  loss 
may,  however,  be  minimized  by  giving  to  these  turns  a  long  radius. 

During  the  upstroke  there  is  acceleration  of  si)eed  at  the  outset  and 
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retardation  toward  the  close,  the  rate  of  acceleration  diminishing 
toward  the  center  of  the  stroke,  and  the  rate  of  retardation  increasing 
from  that  point  toward  the  close  of  the  stroke.  The  upward  start  of 
the  water  column  is  thus,  in  effect,  somewhat  abrupt,  and  in  abruptly 
overcoming  the  inertia  of  this  water  column  a  pull  is  exerted  upon 
the  pump  rod  much  in  excess  of  that  due  to  the  weight  of  the  water 
alone.  This  inertia  resistance  also  varies  as  the  velocity  squared, 
and  becomes  a  destructive  resistance  in  fast-running  pumps. 

DOWNSTROKE. 

At  the  finish  of  the  upstroke  the  suction  valve  below  closes,  and 
the  column  of  water  above  it  remains  at  rest  until  the  downstroke 
has  been  completed  and  another  upstroke  begun.  During  the  descent 
of  the  piston  through  this  stationary  column  of  water  the  piston 
valve,  or  delivery  valve,  as  it  is  called,  is  opened  thereby.  The  resist- 
ances encountered  on  the  downstroke  are  the  f  rictional  resistance  of 
Uie  piston  packing  and  of  the  column  of  still  water  through  which 
the  piston  has  to  be  forced.  It  will  be  apparent  that  no  useful  work 
is  accomplished  on  the  downstroke;  that  all,  on  the  other  hand,  is 
accomplished  on  the  upstroke.  In  rising,  the  piston  lifts  B-l-L,  and 
in  turn  is  pressed  upon  from  below  by  B — S,  the  difference  between 
these  forces  being  that  force  necessary  to  be  applied  to  the  rod  and 
equal  to  H,  fig.  4,  p.  14.  It  is  therefore  evident  that  the  force  to  be 
exerted  is  measured  by  the  total  height  of  the  water  lift  and  is  inde- 
X)endent  of  the  relation  of  the  suction  lift  to  the  direct  lift. 

VALVES. 

There  are  two  common  forms  of  valves — the  clack  valve,  which 
opens  on  a  hinge,  and  the  disk  valve,  which  rises  bodily  on  guides 
either  at  its  circumference  or  along  a  central  spindle.  Valves  of 
whatever  variety  should  open  and  close  readily,  and  should  afford, 
when  open,  a  water  way  as  large  and  as  direct  as  practicable.  To  open 
readily  they  must  not  be  too  heavy;  on  the  other  hand,  for  quick 
closing  weight  is  an  advantage.  Also,  to  give  free  and  large  water 
passage  they  must  have  considerable  amplitude  of  movement;  yet, 
again,  for  quick  closing  such  amplitude  of  movement  is  a  disadvan- 
tage. Thus  it  appears  that  of  necessity  valve  design  is  a  matter  of 
compromise  among  opposing  conditions  and  requirements. 

Some  of  the  conditions  which  bear  upon  valve  design  are  brought 
out  in  the  following  diagrams.  Fig.  7  is  the  record  made  by  an  8-inch 
pump  having  large  clack  valves,  the  smallest  valve-opening  area 
being  70  per  cent  of  the  cylinder  cross-section  area,  and  even  this  is 
an  unusually  large  valve  opening.  These  valves  were  in  fact  so  large 
that,  in  the  experiments,  at  only  25  strokes  per  minute  they  did  not 
close  until  from  7  to  8  per  cent  of  the  stroke  had  been  made.     On 
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the  return  stroke  the  lower  valve  did  not  close  until  the  piston  had 
had  time  to  travel  from  B  to  C  (fig.  7),  during  which  time,  of  course) 
water  was  escaping.  This  delay  in  closing  and  the  consequent  loss 
of  water  occurred  at  the  very  moderate  piston  speed  of  about  40  feet 


Fig.  7.— Dynamometer  diagram  of  pump-rod  stresaes  from  an  8-inch  pomp  harinif  large  dack 

Talves.    Piston  speed,  40  feet  per  minute. 

per  minute.     Its  diagrammatic  record  exhibits  the  main  defect  in 
large  clack  valves. 

Fig.  8  is  the  record  made  by  a  6-inch  pump  using  eight  small  clack 
valves  for  delivery  valves,  having  a  14-inch  stroke,  and  operated  at  a 
speed  of  55  strokes  per  minute.     The  aggregate  area  of  the  valve 
openings  was  15  per  cent  in  excess  of  the  cylinder  cross-section 
I    area,  yet  at  this  high  piston  speed  of  more  than  125  feet  per 
minute  the  delay  in  the  closing  of  these  valves,  as  shown  at  A, 
was  very  small,  being  only  about  2  per  cent  of  the  time  interval 
of  the  whole  stroke.     The  efficiency  of  this  pump  was 
very  high.     Thus  there  is  seen  to  be  decided  advantage 
in  the  substitution,  wherever  practicable,  of  several 

small  valve  openings  for  a  single  large  one. 

Valve  lift  is  thereby  mini- 


Fio.  8.— Dynamometer  diagram  o7~ pump-rod  stresses 
from  a  6-inch  pump  having  multiple  small  valves. 
Piston  speed,  40  feet  per  minute. 


mized  and  quick  closing  se- 
cured, and  without  reduc- 
tion in  the  aggregate  area  of 
valve  opening. 

That  the  discharge  area 
around  the  edge  of  a  clack 
valve  shall  equal  that  of  the  valve-seat  opening,  the  valve  must 
rise  at  its  outer  edge  to  a  height  equal  to  at  least  half  the  diameter 
of  the  valve  opening.  The  diameter,  in  inches,  of  a  clack-valve 
opening  should  not  exceed  100  divided  by  the  speed  of  the  pump 
in  strokes  per  minute.  For  example,  a  pump  making  25  stroked 
per  minute  should  have  a  clack-valve  opening  not  exceeding  in 
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diameter  ^,  or  i  inches.  Thus  the  clack  valve  is  limited  in  use 
either  to  small  pumjis,  to  pomps  of  low  speed,  or  to  pumps  of  such 
design  that  they  admit  of  the  introduction  of  several  small  valves  in 
substitution  for  a  single  lai^e  one. 

With  multiple  valves  the  valve  area  should  be  equal  to  at  least  50 
per  cent  of  the  cylinder  cross-section  are%.  A  modification'  of  the 
nsaal  clack  valve  is  presented  in  fig.  9,  A,  as  an  illustration  of  the 
manner  iu  which  some  of  the  objections  to  this  valve  may  be  over- 
come. This  modification  consists  in  mounting  upon  the  back  of  the 
large  clack  a  second  clack,  covering  a  valve  opening  in  the  first.  The 
tendency  of  the  current  of  water  to  open  widely  the  larger  clack  is  in 
part  overcome  by  the  yielding  of  the  smaller  clack.  It  is  claimed 
that  higher  speeds  may  thus  be  attained ;  also  that  the  modification 
can  readily  be  introduced  into  any  large  single  clack  already  iu  nse. 

The  advantages  of  the  clack  valve  are  its  simplicity  and  its  high 
efficiency  at  low  speed.    Being  usually  cut  out  of  leather,  as  shown 


Fio,  S.— Clack  TKlrea;  A,  Tertioil  wtitlon  ot  double  cUck  valva;  B,  leatbar 


in  fig.  9,  B,  it  is  self-i>acking  when  closed  and  is  self-hinged.  It 
shonld  be  out  from  a  solid  piece  of  leather,  of  uniform  thickness  and 
without  soft  spots.  The  width  of  the  hinge  should  equal  half  the 
valve  diameter,  and  the  leather  shonld  be  placed  with  the  hair  side 
to  the  seat.  A  metal  disk  slightly  larger  than  the  valve  opening 
should  be  attached  to  the  back  of  the  valve,  both  to  add  to  its  stifFness 
and  to  give  it  weight. 

Clack  valves  should  have  a  small  angle  of  lift  in  pumps  running 
more  than  15  strokes  per  minute.  The  resistance  to  flow  through 
clack  valves  has  been  determined  for  the  following  angular  openings: 


Segistance  to  flow  through  etaek  vahm. 

i                              Degreea  of  lift. 
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If,  for  high  speed,  the  valve  lift  be  limited  to  about  30  degrees,  or 
to  an  opening  that,  at  its  outer  edge,  is  equal  to  half  the  valve  diam- 
eter, the  disadvantage  of  obstruction  to  flow  will  be  about  balanced 
by  the  advantage  gained  of  quick  closing. 

A  modification  in  form  is  the  butterfly  valve,  in  which  the  hinge  is 
along  a  diameter  line  across  the  center  of  the  leather  disk,  so  that, 
instead  of  opening  as  one  piece  from  a  single  point  at  the  edge,  it 
opens  upward  in  two  halves,  back  to  back,  like  the  wings  of  a  butterfly, 
and  is  in  effect  a  double  valve.     Fig.  27  (p.  48)  shows  such  valves. 

The  disk  valve  is  commonly  but  a  circular  metal  plate,  with  one 
face  adapted  to  fit  a  valve  seat,  and  designed  for  a  straight  lift,  within 
guides,  either  as  shown  in  fig.  14  (p.  30),  or  in  fig.  23  (p.  43).  As  a  rale 
its  vertical  range  is  limited  mechanically,  but  occasionally,  as  in  fig.  23, 
the  disk  is  merely  weighted,  and  control  of  its  range  is  left  to  the 
velocity  of  the  incoming  water,  to  which  the  weighting  has  been  or 
can  from  time  to  time  be  adjusted.  For  low  speeds,  of  about  20 
strokes  per  minute,  largo  disk  valves  work  well,  but  for  higher  speeds 
the  valves  should  be  smaller.  A  valve  of  more  that  5  inches  diame- 
ter would  be  considered  large.  For  quick-running  pumps  multiple 
valves  from  3  to  4  inches  in  diameter  are  best. 

In  irrigation  pumps  the  valve  lift  should  not  exceed  1^  inches.  At 
that  lift,  and  at  a  speed  of  30  strokes  per  minute,  about  one-eleventh 
of  a  second  is  required^  for  the  drop-return  of  the  valve  disk,  which 
involves  a  sacrifice  of  about  7  per  cent  of  the  stroke  length.  It  is  well 
to  limit  the  valve  diameter  to  four  times  the  valve  lift;  and  in  the 
case  of  irrigation  pumps,  to  6  inches  as  a  maximum. 

The  area  between  the  edge  of  the  disk  and  the  cylinder  walls 
should  not  be  less  than  the  valve-seat  area.  Where  the  cylinder  is 
not  enlarged  into  a  valve  chamber  the  valve  area  can  not  exceed 
about  40  per  cent  of  the  cylinder  area,  because  of  the  necessary  grids 
and  lap  of  valves.  It  follows  that  the  piston  speed  should  fall  well 
within  100  feet  per  minute;  that  is,  in  a  pump  with  disk  valves  of 
this  kind,  having  a  40  per  cent  valve  opening  and  a  24-inch  stroke,  a 
speed  of  25  strokes  per  minute  should  be  considered  high.  This  is  a 
piston  speed  of  100  feet  per  minute. 

In  irrigation  pumps  the  velocity  of  water  through  valves  should 
not  exceed  250  feet  per  minute.  The  speed  of  the  piston  at  its  maxi- 
mum rate  will  be  1.57  times  that  at  its  average  rate.  In  other  words, 
when  the  average  piston  speed  is  100  feet  per  minute  there  will  be  a 
maximum  rate  at  about  the  middle  of  the  stroke  of  157  feet  per  min- 
ute; and  this  also  will  be  the  velocity  of  the  water  in  the  cylinder 
immediately  ahead  of  the  piston,  but  the  water  has  to  be  forced 
through  a  contracted  valve  opening,  and  it  must  in  consequence  take 
on  there  a  correspondingly  increased  velocity.  If  the  valve  opening 
be  40  per  cent  of  that  of  the  cylinder  cross  section,  as  above  stated, 
the  increase  of  velocit}^  over  that  in  the  cylinder  will  then  be  from 
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157  feet  per  minute  to  392  feet  per  minute.  Hence  an  average  piston 
speed  of  100  feet  per  minute  would  be  excessive.  Experience  with 
pumps  of  this  class  has  shown  that  the  best  running  speed  is  60  feet 
per  minute.  It  is  found  that  beyond  this  speed  the  resistance  offered 
by  disk  valves  rapidly  reduces  the  pump  efficiency. 

If  the  disk  be  weighted  merely,  and  not  limited  in  movement 
mechanically,  it  may  be  drawn  up  so  far  into  the  cylinder  by  the 
high  velocity  of  the  entering  water  that  very  late  closing  will  result. 
The  speed  of  the  pump  shown  in  fig.  27  (p.  48)  is  restricted  thus  to  50 
strokes  per  minute.  Fig.  10  gives  the  record  of  this  pump  when  run- 
ning at  55  strokes  per  minute.  The  suction  valve  was  drawn  up  into 
the  cylinder  by  the  high  speed  of  the  water,  and  did  not  return  to  its 
seat  until  after  half  the  downstroke  had  been  completed.  Seating  at 
this  late  stage  produced  serious  x>ounding. 
!    For  lifts  exceeding  100  feet  ball  valves  become  desirable,  because  of 


Fig.  10.— Dynamcnneter  diagram  of  pamp-rod  streeaes,  showing  late  closing  of  snction  valve. 

the  increased  pressure.  The  ball  should  be  solid  and  should  fit  into 
a  metal  seat.  This  form  of  valve  is  used  in  deep-well  pumps,  where, 
in  order  to  secure  greater  strength  of  parts,  it  becomes  necessary  to 
reduce  the  valve  area  to  a  smaller  percentage  of  the  cylinder  cross- 
section  area. 

PISTON  AND  ROD. 

The  piston  of  a  pump  is  usually  packed  by  means  of  cup  leathers 
held  between  disks  in  the  piston.  Cup  leathers  can  not  well  be 
homemade,  as  special  appliances  are  necessary  for  their  manufac- 
ture, and  they  had  best  be  bought  of  dealers.  The  cup  leather  should 
not  exceed  three-fourths  of  an  inch  in  width  on  the  wearing  surface. 
The  water  pressure  holds  the  leather  against  the  walls  of  the  cylinder 
with  considerable  friction.     This  friction  amounts,  approximately,  in 

DWH 

pounds  to    — 5 — ,  D  being  the  cylinder  diameter  in  inches,  W  the 

width  of  the  cup  leather  in  Inches,  and  H  the  lift  of  water  in  feet. 
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In  a  6-inch  cylinder,  with  a  20-foot  lift,  the  piston  friction  will  be 
about  30  pounds,  or  12  per  cent  of  the  weight  of  the  water  lifted. 
\    The  piston  friction,  regarded  thus  as  a  percentage,  is,  approxi- 

W 

mately,  ^.     To  show  the  amount  of  this  piston  friction,  reference  is 

made  to  fig.  G,  A.  This  diagram  is  from  a  pump  having  a  4-ineh 
cylinder,  a  14-inch  stroke,  and  running  at  10  strokes  per  minute. 
The  suction  lift  was  30.8  feet,  and  the  total  lift  was  38  feet.  There 
was  about  8  feet  of  water  above  the  piston.  The  height  y  represents 
the  pull  on  the  rod  due  to  the  lifting  of  the  8  feet  of  water,  the  atmos- 
pheric pressure,  and  the  weight  of  pistion  and  rod,  and  to  the  over- 
coming of  the  friction  of  the  cup  leather. 

The  piston,  once  having  left  the  water  behind,  is  beyond  the  influ- 
ence of  the  suction  valve.  The  line  y'  represents  the  pull  due  to  the 
load  of  nearly  8  feet  of  water,  the  atmospheric  pressure,  and  the 
weight  of  piston  and  rod;  but  it  does  not  represent  in  this  case  the 
friction  of  the  piston,  which,  on  the  downstroke,  tends  rather  to 
reduce  the  pull  on  the  rod  and  to  produce  compression.  The  differ- 
ence between  y  and  y',  therefore,  represents  twice  the  combined  pis- 
ton and  water  friction  in  the  delivery  pipe.  At  this  sx>eed  the  water 
friction  in  a  straight  pipe  is  very  small,  and  the  difference  is  almost 
entirely  due  to  piston  friction.  In  this  case  it  amounts  to  30  per  cent 
of  y.  The  piston  friction  was,  therefore,  15  per  cent  of  the  whole 
work  done,  equivalent  to  about  18  per  cent  of  the  weight  of  water. 
The  pump  leather  was  three-fourths  inch  wide.    By  the  above  formula 

W 

YT  would  give  18i  per  cent.     The  width  of  the  packing  leather  is  said 

to  influence  the  friction  very  little  in  heavy  hydraulic  work,  but  it 
seems  to  be  important  with  the  lighter  pressures  of  ordinary  pumping. 
I  Piston  friction  is  a  large  factor  in  the  problem,  varying  nearly 
directly  as  the  lift  and  inversely  as  the  cylinder  diameter.  The  tend- 
ency is  to  render  the  efficiency  of  the  larger  cylinders  the  higher. 
Since  a  single  leather  has  been  found  insufficient  for  the  prevention 
of  leakage  in  pumps  working  in  deep  wells,  two,  or  sometimes  even 
three,  are  used.  Where  these  leathers  can  not  readily  be  procured 
they  can  be  made  by  soaking  good  harness  leather  until  pliable  and 
then  bolting  it  into  a  wooden  form.  To  make  the  form,  a  board  about 
three-fourths  inch  thick,  having  in  it  a  hole  of  the  same  diameter  as 
the  pump  cylinder,  is  nailed  to  a  stiff  backboard,  and  a  cylindrical 
block,  three-eighths  of  an  inch  less  in  diameter,  is  bolted  concentric- 
ally within  the  circular  opening.  The  bolts  should  be  long  enough  so 
that  the  wet  and  pliable  leather,  laid  over  the  hole,  can  be  drawn 
down  by  the  bolts  and  block,  forcing  the  leather  into  position.  The 
wrinkled  edge  of  the  leather  can  then  be  trimmed  off,  and  when  the 
whole  is  dry,  removed  and  brought  to  a  thin  and  even  edge  with 
a  sharp  knife.    The  friction  of  the  piston  leather  should  not  be  so 


HOOD.]  PISTON   SPEED.  25 

great  that  on  the  downstroke  the  piston  will  not  return  by  its  weight 
alone. 

Metal  rods  joined  by  screw  couplings  are  commonly  used  in  such 
pumps.  By  using  a  large  rod  a  differential  a<*.tion  is  obtained  in  the 
delivery,  rendering  more  uniform  the  work  between  the  upstroke  and 
the  downstroke.  A  stiff  rod  is  necessary  where  water  is  delivered 
on  the  downstroke.  Wooden  rods,  because  of  their  elasticity,  fre- 
quently give  less  trouble  at  connections  than  metal  rods,  and  where 
delivery  pipes  are  large  enough  they  are  sometimes  preferred. 

PISTON   SPEED. 

Four  factors  tend  to  limit  the  piston  speed:  First,  the  excessive 
initial  shock  of  lift  on  the  upstroke;  second,  the  tardy  closing  of 
valves;  third,  incomplete  filling  of  the  cylinder;  fourth,  the  rapid 
lowering  of  general  pump  eflSciency  as  the  speed  is  increased. 

To  give  to  a  body  of  water  rapid  motion  necessitates  a  greater 
expenditure  of  energy  than  would  be  necessary  simply  to  balance  its 
static  pressure.  The  acceleration  of  motion  of  the  water  is  greatest 
at  the  beginning  of  the  upstroke,  and,  as  the  rotative  speed  of  the 
crank  increases,  the  acceleration  and  the  force  necessary  to  produce 
it  also  increases.  In  practice  the  quantitative  importance  of  this  first 
stress  is  found  to  be  largely  a  matter  of  pump  design.  If  the  rod  is 
short  and  the  pump  connections  and  frame  very  rigid,  the  stresses 
will  increase  to  a  high  limit  earlier  than  when  the  machine  has  a 
certain  lack  of  rigidity.  The  jielding  of  windmill  towers  to  the 
various  shocks  of  pump  operation  is  in  those  structures  a  means  of 
keeping  down,  this  stress.  The  extension  and  the  elasticity  of  the 
pump  rod  also  tend  to  soften  the  shock  of  starting  the  water  column. 
The  spring  of  parts  is,  therefore,  in  some  degree,  rather  an  advan- 
tage than  otherwise,  and  the  incorporation  of  a  stiff  spring  into 
the  pump  rod  would  be  advantageous. 

In  some  of  the  pumps  tested  the  pump  rod  had  a  length  of  about  40 
feet  and  the  machinery  was  placed  upon  an  unusually  rigid  fioor. 
Fig.  11  shows  the  maximum  stress  for  a  number  of  pumps  tested 
from  this  floor.  The  horizontal  distances  represent  average  piston 
speed  in  feet  per  minute.  With  the  pump  piston  at  rest,  the  pump 
rod  suppoiircd  a  certain  constant  load.  With  the  pump  piston  in 
motion,  this  load  no  longer  remained  constant,  but  varied,  being 
greater  at  the  beginning  of  the  stroke  and  at  the  end  usually  less; 
and  this  variation  was  found  to  increase  as  the  speed  increased.  In 
fig.  11  distances  above  the  base  line  exhibit  this  increase  of  stress. 
Vertical  distances  represent  the  maximum  load  while  running, 
expressed  in  percentages  of  the  quiet  load.  For  example,  in  the  test 
of  one  4-inch  pump  it  appeared  that  at  a  speed  of  40  feet  i>er  minute 
the  maximum  load  on  the  rod  was  175  per  cent  of  the  quiet  load, 
while  at  a  speed  of  80  feet  per  minute  it  was  about  200  per  cent.     In 
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the  test  of  another  4-inch  pump,  at  these  same  speeds  the  correspond- 
ing percentages  were  200  per  cent  and  400  per  cent.  At  piston  speeds 
of  70  feet  per  minute  the  initial  stress  may  be  equivalent  to  from  two 
and  one-half  to  five  times  the  weight  of  the  water.  The  x>6rcentage8 
are  greatest  where  loads  are  light.  Where  the  parts  are  not  of  ample 
proportions,  or  where  they  are  loosely  assembled,  the  shocks  due  to 
this  initial  stress  soon  destroy  the  machine. 

The  stresses  shown  in  fig.  11  may  in  large  part  be  due  to  the  late 
closing  of  valves.  In  fig.  12,  delayed  and  sudden  application  of  the 
load  after  the  piston  had  acquired  a  high  speed,  at  one-tenth  of  its 
upward  stroke,  produced  a  much  more  severe  shock  than  would  have 
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Fio.  11.— Diaerram  Ulastratlns^  relation  between  piston  speed  and  pulL 

been  felt  if  the  valve  had  closed  earlier.  The  effect  of  this  slow 
closing  of  large  valves  is  shown  by  the  upper  line  in  fig.  11.  In  the 
case  of  the  lower  valve  it  produces  a  blow  on  the  under  side  of  the 
piston,  and  frequently  the  shock  of  this  blow  is  such  as  to  jar  a  spray 
at  each  stroke  from  the  upper  surface  of  the  water  in  the  delivery 
pipe. 

Incomplete  filling  of  the  cylinder  limits  piston  speed,  as  shown  in 
figs.  5,  B  (p.  16),  to  6,  D  (p.  17).  There  is  no  advantage  to  be  gained 
in  running  faster  than  the  cylinder  can  fill.  The  upward  tendency 
of  the  water  into  the  cylinder  depends  rather  upon  other  forces  which 
we  have  called  "head."    We  have  seen  that  "suction"  is  the  name 


'  Per  cent  of  hydraulic  preesare  on  the  piston,  representing  maximnm  pull  on  the  pnmp  rod. 
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for  an  appearance  rather  than  for  an  actual  fact.  The  piston  merely 
relieves  the  lower  water  column  of  load,  and  this  column  rises  really 
under  impulse  from  other  agencies.  It  becomes  the  business,  then, 
of  the  piston  to  keep  the  load  that  had  held  it  down  out  of  its  way. 
Incomplete  filling  reduces  the  maximum  stress  nearly  to  that  of  a 
constant  load,  and  indeed  during  the  first  part  of  the  upstroke  it 
results  in  more  quiet  running;  but  on  the  downstroke,  on  the  other 
hand,  with  water  and  piston  moving  in  opposite  directions,  it  pro- 
duces serious  pounding. 

Longer  strokes  admit  of  a  much  more  rapid  piston  speed.  This 
speed  is  limited  by  the  number  of  times  per  minute  the  valves  can 
open  and  close  without  serious  shock  and  by  the  clear  valve  area. 
William  Barr,  in  discussing  steam  pumps,  says  of  the  action  of  these 
valves:  "The  area  of  clear  way  through  a  set  of  valves  in  a  water 
end  should  be  not  less  than  40  per  cent  of  the  plunger  area  for  speeds 


Fig.  12l — ^Dynamometer  diagram  of  pump-rod  stresses,  showing  excessive  initial  shock  due  to 

late  dosing  of  discharge  valve. 

of  100  feet  per  minute,  60  per  cent  for  125  feet,  60  per  cent  for  150 
feet,  75  jwr  cent  for  175  feet,  and  100  per  cent  for  200  feet  per 
minute."  With  the  usual  windmill  speeds,  not  exceeding  30  strokes 
"per  minute,  a  stroke  of  2  feet  would  give  a  piston  speed  of  120  feet 
per  minute,  and  should  be  possible  with  pumps  having  50  per  cent  of 
clear  valve  area.  Steam  pumps,  as  stated  by  Barr,  have  a  low  effi- 
ciency as  compared  with  some  of  the  best  forms  of  irrigation  pumps; 
and  while  the  above  speed  is  possible,  the  valve  area  for  high  effi- 
ciency should  be  larger  still.  It  is  impossible  accurately  to  set  limits 
to  pump  speed,  because  it  depends  upon  valve  design  and  upon  length 
of  stroke,  which  in  turn  vary  greatly  in  different  forms  of  pumps. 

The  individual  peculiarities  of  various  makes  are  well  brought  out 
in  fig.  11.  The  4-inch  Frizell  pump,  which  gave  the  lowest  maximum 
stress,  and  therefore  made  record  of  smooth  running,  had  a  valve 
area  of  but  27  per  cent,  while  the  8-inch  Van  Voorhis  pump,  which 
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had  97  per  cent  of  valve  area  and  a  short  stroke,  was  noisy.  In 
general  it  may  be  said  of  a  reciprocating  pump  that  a  speed  of  100 
feet  per  minute  is  about  all  that  should  be  expected.  The  following 
table  shows  the  highest  piston  speed  employed  in  the  test  of  a  num- 
ber of  irrigation  cylinders.  For  a  regfular  working  speed  it  would  be 
excessive 

Speeds  of  piston  in  irrigation  eylindera. 


No.offlg. 
herein. 

Diameter, 
in  inches. 

Stroke,  in 
inches. 

Speed,  in 
feet  per 
minute. 

18 
27 
23 
14 
32 

4 

4 
6 
8 
8 

14.00 
23.70 
14.11 
13.96 
10.00 

114 
IW 
141 
90 
216 

Weisbach  says:  "  Usually  the  velocity  of  the  piston  is  not  over  78 
feet  per  minute,  the  common  valve  ranging  between  40  and  60  feet, 
though  piston  velocities  of  196  feet  sometimes  occur."  In  some  high- 
class  pumping  engines  speeds  of  480  feet  have  been  obtained. 

While  it  is  possible  to  run  at  a  high  speed,  it  may  not,  for  practical 
reasons,  be  desirable  to  do  so.  By  referring  to  the  diagrams  showing 
the  efficiencies  of  pumps  of  various  design  it  is  seen  that  all  are  more 
efficient  at  slow  speeds.  A  fall  in  efficiency  of  about  15  per  cent— up 
to  30  strokes  per  minute — is  to  be  expected,  even  in  a  good  pump.  A 
large  pump  run  slowly  will,  therefore,  work  with  small  power  and  to 
better  advantage  than  a  smaller  pump  at  a  higher  speed.  For  the 
very  best  results  in  connection  with  a  windmill  a  higher  gearing  than 
the  usual  3  to  1  would  be  advisable,  the  limiting  factor  being  the 
increased  expense  of  the  larger  size  of  pump  thus  made  necessary. 


DISCHARGE. 

The  discharge  of  a  pump  per  stroke  is  measured  by  the  capacity  of 
the  cylinder  within  the  stroke  length,  less,  however,  the  amount  by 
which  the  cylinder  may  have  failed  to  fill  on  the  upstroke,  and  less, 
as  well,  those  losses  on  the  downstroke  which  will  result  from  back- 
slip  of  water  past  the  tardily  closing  valve  and  from  leakage  through 
the  valve  after  closing.  The  discharge  of  various  cylinders  tested  is 
given  in  diagrams  accompanying  the  description  of  each.  Reuleanx 
gives  the  discharge,  in  per  cent  of  the  geometrical  displacement,  as 
92  per  cent  at  a  speed  ranging  from  27  to  40  strokes  per  minute,  95 
per  cent  at  50  strokes,  and  98  per  cent  at  60  strokes.  At  slow  speed 
the  leakage  reduces  the  discharge  by  an  amount  ranging  from  1  to  5 
per  cent.  This  loss  diminishes,  as  a  percentage,  with  increaset  of 
speed,  but  with  high  speed  the  loss  from  slow  closing  of  valves 
rises  and  soon  outweighs  it.    Weisbach  states  the  loss  to  be  from  5 
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to  15  per  cent,  which  neems  excessive  for  such  cylinders  as  have  been 
tested  by  the  writer. 

Where  the  velocity  of  water  is  high,  owing  either  to  a  high  piston 
speed  or  to  a  small  pipe,  the  discharge  per  stroke  may  evien  exceed 
the  cylinder  capacity  per  stroke.  The  momentum  of  the  rising  water 
may  be  sufficient  to  hold  the  valves  open  for  a  brief  interval  after  the 
completion  of  the  upstroke,  and  thus  for  a  moment  to  continue  intake 
after  the  beginning  of  the  downstroke.  The  paradoxical  character  of 
this  effect  is  brought  out  by  the  discharge  curves  in  figs.  19  (p.  32)  and 
22  (p.  35),  and  by  the  stress  diagram,  fig.  13.  This  stress  diagram  is  a 
record  from  the  work  of  the  pump  shown  in  fig.  18  (p.  32),  and  indi- 
cates that  the  tension  on  the  rod  in  that  pump,  under  the  conditions 
imposed,  was  relieved  by  the  momentum  of  the  rising  column  of 
water  before  the  end  of  the  stroke  had  been  reached,  and  that  this  mo- 
mentum impulse  continued  effective  until  the  lower  valve  had  closed, 
at  A  (fig.  13),  on  the  return  stroke.  This  same  effect  may  be  observed 
when  the  suction  pipe  is  carried  to  a  considerable  horizontal  distance, 
increasing  the  weight  of  the  moving  water.  Unless  a  suction  cham- 
ber is  put  on  in  such 
cases,  the  suction  pipe 
should  increase  in  area 
directly  as  the  length  in- 
creases. Fig.  19  shows 
an  example  of  the  dis- 
charge being  increased 
by  a  more  rigid  setting. 

EFFICIENCY  OF  PUMPS. 

The  efficiency  of  a 
pump  is  that  percentage 
of  the  effort  expended 
which  is  returned  in  use- 
ful work  as  water  lifted. 
Efficiency  will  vary  with  the  design,  speed,  and  adaptation  to  the 
particular  use.  In  small  steam  pumps  the  useful  work  done  will 
account  for  only  about  50  per  cent  of  the  power  developed  by  the 
steam.  Weisbach  states  the  efficiency  to  be,  "in  well-designed 
pumps,  working  under  favorable  conditions,  80  per  cent;  in  pumps 
of  average  perfection,  75  per  cent;  and  in  ordinary  pumps,  70  per 
cent,  and  sometimes  65  per  cent  only."  Mr.  William  O.  Weber*  gives 
the  efficiency  of  reciprocating  pumps  as  follows: 

Efficiency  of  reciprocating  pumps. 


Fio.  ld.~DyDamometer  diagram  of  pamp-rod  streBseo, 
showing  ezceasiye  discharge. 
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1  Trans.  Am.  Soc.  Meoh.  Eog.,  toI  7,  p.  586. 
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To  determine  the  usual  range  of  efficiency  for  such  pumps  as  are 
offered  for  irrigation  purposes,  and  to  determine  what  room  there  may 
be  in  them  for  improvement,  the  author  has  made  something  more 
than  1,000  measurements  of  various  designs.  The  process  by  which 
were  obtained  the  stress  diagrams  previously  referred  to  affords  a 
method  for  determining  the  amount  of  work,  useful  and  otherwise, 
performed  by  the  pump.  By  weighing  the  water  discharged  at  various 
speeds  and  lifts  a  rating  curve  for  each  pump  was  obtained;  and  the 
useful  work  was  determined  by  multiplying  the  weight  of  water  dis- 
charged by  the  total  lift.  The 
diagrams  show  only  the  work 
actually  performed  by  the  pump 
rod,  and  therefore  do  not  exhibit 
the  ineffectual  effort  of  the 
mechanism  which  transmitted 
power  to  the  rod.  The  efficien- 
cies are  those  of  the  pump  cylin- 
der and  the  pipes  alone.  They 
seem  to  show  that  some  forms 
of  the  irrigation  pumps  tested 
here  compare  very  favorably 
with  those  tested  by  others. 
Each  pump  has  a  particular 
sphere  to  which  it  is  best  adapts 
ed.  No  great  increase  of  effi- 
ciency over  the  best  now  to  be 
had  is  to  be  expected  in  any  new 
form.  Many  of  those  now  in 
the  market  could  be  much  im- 
proved. The  pumps  represent- 
ed in  the  drawings  are  typical, 
and  by  noting  their  perform- 
ance, as  shown  in  the  following 
diagrams,  the  general  range  of 
efficiency  of  other  pumjis  may 
often  be  closely  approximated. 
The  efficiency  is  seen  to  rise  with  increase  of  lift  and  to  fall  with 
increase  of  speed.  The  maximum  efficiency  is  reached  at  lifts  lower 
than  those  of  Weber's  table.  Certain  pumps  may  be  expected  to 
have  an  efficiency  above  80  per  cent  at  the  usual  speeds  and  at  mod- 
erate lifts.  Efficiency  with  such  will  but  slightly  increase,  if  at  all,  at 
lifts  of  more  than  50  feet. 

MARK  PUMP. 

Fig.  14  shows  an  8-inch  brass  cylinder  having  disk  valves  with 
limited  movement.  It  is  made  by  the  Mark  Manufacturing  Company, 
of  Chicago,  Illinois,  and  is  specially  designed  for  irrigation  work. 


Fig.  14.— Vertical  section  of  8-inch  brass  cylinder 

with  disk  valves. 
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Fig.  15.— Discharge  cnrve  of  ft-inch  Mark  pniu]). 
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to.  lA.— Var3ring-efacienc7  curve  of  8-lnch  Mark  pomp,  showinf?  effect  of  varying  height  of  lift 
and  speed.  (The  line  for  11.8  lift  has  been  placed  10  per  cent  too  high  in  the  oolmnn  85-10.  It 
ahoald  carve  downward  at  the  end  and  )iot  cross  the  line  21.8.) 
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The  lower  valve  is  limited  in  movement  by  a  cross  attached  to  a  pend- 
ent spindle  on  the  valve  disk.  This  valve  is  leather  faced  and  has  a 
clear  opening  of  36  per  cent  of  the  piston  area.     The  upper  valve  area 
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Fig.  17.— Variation  of  efficiency  with  varying  height  of 
lift  of  8-inch  Mark  pnnip  at  Ri>eed  of  15  strokes  per 
minnte. 

is  34.7  percent,  the  area  between  the  edge  of 
the  disk  and  the  cylinder  walls  is  53  per  cent, 
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Fio.  19.— Discharge  curve  of  4- inch  Mark  pump. 

Fig.  18.— Vertical  sec^on  of  a 

and  the  area  between  the  edge  of  the  disk  and      S]S  plJ^^'^^""**^'  "*'  ™" 
the  valve  seat  is  slightly  in  excess  of  the  valve 

area.     The  weight  of  the  pump  is  145|  pounds;  of  the  piston  and  rod 
alone,  67^  pounds.     The  pump  rod  was  a  three- fourths-inch  pipe,  and 
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the  delivery  pipe  was  6-inch.  This  pump  is  typical  of  the  best  design 
of  those  having  large  disk  valves.  It  shows  a  very  high  efficiency  at 
slow  speeds,  but  a  rapidly  falling  efficiency  as  the  speed  increases* 
Fig.  15  shows  the  discharge  to  be  about  96  per  cent  of  the  geometrical 
displacement  of  the  piston  at  a  speed  of  25  strokes  per  minute,  but 
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50 


Pio.aOl— Vaiying-effldency  curves  of  4-inch  Mark  pomp,  showing  eifectof  varying  height  of  lift 
and  speed.  (The  lines  for  17.83  and  24  should  not  cross.  The  diagram  is  erroneous  in  this 
respect.    The  correct  figures  for  these  curves  are  given  on  pages  87, 88. ) 

also  shows  that  it  has  a  falling  rate  beyond  that  speed.  The  efficiency 
is  high  for  strokes  fewer  than  20  per  minute,  and  at  lifts  exceeding 
10  feet.  Fig.  16  shows  the  efficiency  curves  at  five  lifts,  from  6^  to 
2^  feet. 

IBB  14 3 
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In  fig.  17  the  heavy  vertical  lines  show  the  range  of  efficiency  at 
varying  speeds  at  each  lift,  and  the  irregular  line  joining  those  points 
represents  the  efficiencies  at  a  speed  of  15  strokes  per  minute.  It 
would  seem  from  this  diagram  that  a  considerable  increase  of  efficiency 
at  a  higher  lift  is  not  to  be  expected. 

Fig.  18  gives  a  section  of  a  brass-lined  cylinder  of  the  same  make, 
which  is  typical  of  the  better-made  small  pumps  that  provide  for  a 
suction  and  discharge  pipe  of  less  diameter  than  the  cylinder.  It  has 
a  14-inch  stroke,  with  a  metal  disk- valve  carried  in  the  piston.  The 
upper  valve  area  is  30  per  cent  of  the  cylinder  area.  The  lower  metal 
valve  seats  on  a  rubber  ring.  The  lower  valve  area  is  18  per  cent. 
The  suction  and  delivery  pipes  are  2-inch. 

Fig.  19  shows  two  discharge  curves  of  this  pump.     When  rigidly 
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Fio.  21.— Variation  of  efficiency  with  varsring  height  of  lift  of  i-inch 
Mark  pump  at  speed  of  20  strokes  per  minute. 

held,  so  that  the  rapidly  moving  water  could  not  jar  the  pump  and 
pipe,  the  discharge  was  greater  than  when  simply  suspended  in  the 
well,  as  usual.  The  discharge  is  greater  than  the  geometrical  dis- 
placement of  the  piston  at  speeds  above  38  strokes  per  minute,  owing 
to  the  high  velocity  of  the  water  in  a  small  pipe.  The  efficiencies  at 
six  different  lifts  are  given  in  the  tables,  and  in  the  diagram,  fig.  20. 
The  rapidly  lowering  efficiency  shows  the  effect  of  small  connections 
and  of  small  valve  area. 

From  fig.  21  the  maximum  efficiency  seems  to  be  reached  at  about 
a  25-foot  lift.  This  pump  was  used  in  an  interesting  test  which  brought 
out  the  effect  of  varying  the  suction  lift.  The  total  lift — suction  and 
direct  together — was  38  feet.  The  cylinder  was  placed  at  different 
heights  in  the  pipe,  giving  different  heights  of  suction,  ranging  from 
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nothiog  to  30J  feet.     Fig.  22  shows  the  effect  on  the  discharge  of  the 
varying  suction  lift.     In  all  cases,  as  the  speed  increases,  the  tendency 
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Fio.  22— Discharge  carve  for  4>inch  Mark  pomp  at  a  total  lift  of  88  feet  and  at  various  snctioQ 

lifta 

is  to  increase  the  discharge;  but  when  the  lift  gets  to  be  so  great  that 
the  atmospheric  pressure  is  unequal  to  the  filling  of  the  cylinder  the 
discharge  curve  rapidly  falls.     This  maximum  rise  of  the  curve  is  seen 
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to  occur  earlier  with  each  successive  increase  in  the  suction  lift. 
Figs.  5,  jB  to  6,  2)  (pp.  16,  17)  give  diagrams  of  stresses  in  the  pump- 
rod,  and  may  be  compared  with  fig.  5,  J.,  which  is  typical  of  normal 
conditions.     The  tables  present  the  results  of  suction  tests. 

Discharge  of  S-inch  Mark  piimp  stroke,  1S,94  inches. 


Speed. 


10 
10 
16 
16 
20 
20 
25 
25 
30 
30 
35 
36 
40 
40 


Discharge  for 

16stroKefi; 

lift,  6.5  feet. 


3B7i 

3e0i 

3S6i 

368 

868 

866» 

366 

365 

368 

368 

346^ 

348 

887i 

352 


Discharge  for 

16  strokes; 

lift,  U.8  feet. 


371 

300 

368^ 

362i 

dOOi 

367 

3e0i 

370^ 

367 

361i 

368 

356i 

360 

367 


Discharge  for 

15  stroKes; 

lift,  26.5  feet. 


d55i 

368i 

357i 

358 

868i 

856i 

d58i 

3611 


Plotted 
ayerage  dis- 
charge per 

stroke. 


24.30 


2i» 
'ZL2b' 


24.  an 
...... 


23.(10 


>  strokes  per  minute. 


Figures  from  efficiency  tests  of8-4nch  Mark  pump;  stroke,  13,94  inches. 

LIFT,  6.5  FEET. 


Speed. 

Dis- 
charge 

per 
stroke. 

Foot- 
pounds 
of  useful 
work. 

Average 
pull  on 
the  rod. 

Foot- 
pounds 
of  work 
given  to 
the  rod. 

Mechan- 
ical effi- 
ciency. 

Maxi- 
mum 
tension 
on  the 
rod. 

Mini- 
mum 
tension 
on  the 
rod. 

10 

Pounds. 
24.300 
24.300 
24.3U0 
24.300 
24.300 
24.300 
24.266 
24.266 
24 
24 

23.600 
23.600 
23.000 
23.600 
23.600 
23.200 
23.200 

167.05 

157.96 

167.05 

167.96 

167.95 

167.95 

157.73 

167.73 

156 

156 

153.40 

163.40 

153.40 

153.40 

163.40 

160.80 

160.80 

Pounds. 
184.72 
179.64 
200 
191.52 
200 
200.16 
213.36 
220.32 
244.04 
252.52 
284.72 
271.16 
280.80 
269.32 
266.94 
326.38 
320.04 

214.28 
208.38 
232.36 
222.16 
232.36 
232.60 
247.60 
265.67 
288.08 
282.92 
330.28 
314.66 
336.17 
300.81 
300.65 
377.44 
371.26 

Per  cent. 
73.7 
75.7 
07.0 
71.1 
67.9 
67.8 
63.7 
61.3 
65.1 
53.2 
46.4 
48.7 
45.6 
60.9 
48.5 
30.7 
40.6 

Pounds. 
312 

PoundL 
72 

10 

15 

15 

20     

20 

■ 

26 

26    

30 

ao 

048 

-78 

86    

35 

664 

—  80 

85 

36 

738 

-108 

85 

40 

40     

LIFT,  1L8  FEET. 


10    

24.30 

24.30 

24.30 

24.30 

24.30 

24.30 

24.266 

24.266 

24 

24 

23.60 

23.60 

28.20 

23.20 

286.74 
286.74 
286.74 
286.74 
286.74 
286.74 
286.34 
286.34 
283.20 
283.20 
278.48 
278.48 
278.76 
273.76 

288.60 

200.00 

297 

208.06 

308.60 

305.55 

811.96 

311.95 

828.96 

336.46 

346.80 

346.80 

384.60 

396.30 

340.68 
337.10 
844.62 
846.74 
357.86 
354.44 
386.06 
386.06 
381.58 
389.12 
402.20 
402.20 
446.14 
468.65 

84.2 

85 

88.2 

82.9 

80.2 

80.8 

74.3 

74.3 

74.2 

72.8 

69.2 

00.2 

61.3 

60.4 

480 

70 

10    

16           

15           

20         

20           

26         

25        

ao       

ao    

660 
700 

—  25 

85       

—  60 

35       

40           

40 

1,140 

—100 

HOOD.] 
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Figures  from,  efficiency  tests  of  8-inch  Mark  pump;  stroke,  13.94  inches — ^Cont'd. 


LIFT,  16.75  FEET. 

Speed. 

Dis- 
charge 

per 
stroke. 

Foot- 
pounds 
of  useful 
work. 

Average 
puU  on 
the  rod. 

Foot- 
pounds 
of  work 
given  to 
the  rod. 

Mechan- 
ical effi- 
ciency. 

Maxi- 
mum 
tension 
on  the 
rod. 

Mini- 
mum 
tension 
on  the 

rod. 

10 

Poundt. 
24.30 
24.:)0 
24.30 
24.30 
24.30 
24.80 
24.266 
24.266 
24.00 
24.00 
28.60 
28.20 
28.20 

407.08 
407.08 
407.08 
407.08 
407.08 
407.08 
406.47- 
406.47 
402.00 
402.00 
395.30 
388.00 
888.60 

Pounds. 
426.22 
419.85 
435.90 
429.45 
445.50 
441.97 
458.32 
467.92 
477.62 
529.72 
565  80 
568.45 
564.82 

494.68 
487.45 
606.08 
496.16 
516.78 
512.69 
531.66 
542.79 
562.98 
619.48 
644.15 
647.80 
665.20 

Per  cent. 
82.8 
86.1 
80.4 
81.7 
78.7 
79.5 
76.4 
74.8 
72.5 
63.9 
61.3 
59.9 
60.8 

Pounds. 
585 

Pounds. 
60 

10 

15 

16 

20 

20 

25 

25 

80 

900 

0 

30 

85 

1,170 
1,245 

—160 

40 

—160 

40 

LIFT,  21.8  FEET. 


10 
10 
15 
15 
20 
20 
26 
25 
3D 

ao 

30 
35 
36 


24.300 
24.800 
24.800 
24.800 
24.300 
24.300 
24.266 
24.266 
24.000 
24.000 
24.000 
23.600 
28.600 


529.74 
529.74 
629.74 
529.74 
529.74 
629.74 
629.01 
529.01 
523.20 
523.20 
623.20 
514.48 
614.48 


586.18 
536.18 
589.47 
589.47 
549.30 
546.00 
682.24 
588.66 
606.86 
696.85 
585.62 
684.16 
707.17 


607.67 
607.67 
611.40 
611.40 
622.54 
618.80 
660.87 
661.47 
674.73 
674.78 
663.69 
775.87 
811.46 


87.1 
87.1 
86.6 
86.6 
85.1 
85.6 
80.2 
79. 9 

n.5 

77.5 
78.8 
68.8 
67.5 


825 

75 

960 
997.5 

75 
-87.5 

1,387.6 

-166 

LIFT,  28.5  FEET. 

10 

24.300 
24.300 
24.800 
24.300 
24.300 
24.300 
24.266 
24.266 
24.000 
24.000 

643.96 
643.95 
643.95 
643.95 
643.  a5 
643.05 
643.06 
643.06 
680.00 
680.00 

684.15 
680.86 
677.62 
674.82 
694.06 
697.85 
720.37 
740.77 
786.16 
801.67 

775.37 
771.83 
767.97 
764.23 
786.69 
790.33 
816.42 
839.44 
890.97 
908.66 

83.5 
83.6 
83.8 
84.2 
81.8 
81.4 
78.7 
76.6 
71.3 
69.9 

997.5 

45.0 

10 

16 

IS....           

20...          

20                 

25 

1,275 

—37.5 

25 

30 

ao                    

Discharge  of  4-if^h  Mark  pump  at  various  speeds  and  lifts. 


Discharge,  in  pounds,  for  60  strokes  for  lift: 

Average 
discharge, 
in  pounds, 
per  stroke 
by  dis- 
charge 
curve. 

Speed. 

6.17  feet. 

12.17  feet. 

24.2  feet. 

30.17  feet. 

10..              

809.5 

806.5 

306 

306 

306 

806.5 

308 

806.6 

308 

306 

309 

309 

806 

306.5 

300 

301 

311 

309.6 

312 

809 

810.6 

810.6 

310.5 

806 

808 

807 

808.6 

806.5 

809.5 

808.5 

812 

810.5 

814.5 

818.5 

304 

303.5 

305 

305.5 

308 

308.5 

309 

808.5 

812.5 

809.5 

310 

311 

311.5 

309 

821 

328.6 

307 

807.5 

309 

808 

807 

808 

807 

809.5 

809 

307 

807 

808.5 

811 

813 

6.146 

10 

15 

6.148 

15 

20..             

6.152 

20.                

26.. 

6.156 

25 

ao 

6.16 

ao 

as 

6.17 

35 

40 

6.192 

40..               

46..                 

6.24 

45.                  ...-. 

60.. 

6.28 

60.. 

\ 

38 


TESTS   OF   PUMPS   AND   WATER   LIFTS. 


(HO.  14. 


Discharge  of  /finch  Mark  pump  at  various  lifts  and  speeds:  pump  cylinder 

heavily  weighted. 


9 

Speed. 

Discharge,  in  pounds, 
for  50  strokes  for  lift: 

Average 
discharse, 
in  ponnas, 
per  stroke 
by  dis- 
charge 
curve. 

Speed. 

Discharge,  in  pounds, 
for  50  strokes  for  lift: 

Average 

discbaree, 

1  in  poaoios. 

per  stroke 

by  dis- 

cbarji^ 

curve. 

30.17  feet. 

36.3  feet. 

30. 17  feet 

36.3  feet. 

10 

308.5 

308.5 

311.5 

312 

311.5 

312 

312 

310.5 

312 

305.5 

303.5 

308.5 

307 

308.5 

307.5 

308 

309 

309.5 

0.16 

30 

311.5 

311 

311.6 

314.5 

317 

332 

328 

339.5 

341 

310 

310.5 

310.5 

321 

316 

328 

aj9 

331.5 

«;^7 

10 

i  35 

6.33 

15 

6.192 

1^..:..: 

15 

1  40 

6.3ft 

20 

6.196 

4o:: 

20 

45 

6.584 

25 

6.198 

t  45 

25 

50 

6.744 

30 

6.204 

50 

Figures  from  efficiency  tests  of  4-inch  Mark  pump;  stroke,  13,91  inches. 

LIFT,  6.17  FEET. 


Si>eed. 


10 
10 
15 
15 
20 
20 
20 
25 
25 
25 
30 
30 
35 
35 
40 
40 
45 
45 
48 


Dis- 
charge 
per 

Foot- 
pounds 
of  useful 

Average 

pull  on 

rod. 

stroke. 

work. 

Pounda. 

Pounda. 

6.146 

37.92 

60.58 

6.146 

37.92 

60.93 

6.148 

37.94 

60.58 

6.148 

37.94 

59.62 

6.152 

37.96 

59.68 

6.152 

37.96 

60.58 

6.152 

37.96 

50.23 

6.156 

37.98 

72.44 

6.156 

37.08 

n.47 

6.156 

37.98 

75 

6.16 

38.01 

82.37 

6.16 

38.01 

83.97 

6.17 

38.07 

86.86 

6.17 

38.07 

86.86 

6.192 

38.21 

88.5 

6.193 

38.21 

89.42 

6.24 

38.5 

117.4 

6.24 

38.5 

131.8 

6.27 

38.60 

173.3 

Foot- 
pounds 
of  work 

given 
to  rod. 


70.21 
69.46 
70.21 
69.1 
69.17 
70.21 
68.65 
83.95 
82.84 
78.12 
06.47 
07.33 
100.7 
100.7 
102.5 
108.6 
136.1 
152.8 
200.9 


Mechan- 
ical effi- 
ciency. 


Percent. 


Maxi- 
mum 
pull  OD 
rod. 


Ponnd*. 


54 

54.6 

81 

54 

54.9 

54.8 

54 

55.3 

45.2 

'i^ 

45.8 
43  6 

IS 

30.8 

39 
37  8 
37.8 
37  2 

1» 

36.8 

28.2 
252 
19.2 

m 

LIFT,  12.17  FEET. 


10            

6.146 

6.146 

6.148 

6.148 

6.152 

6.152 

6.156 

6.156 

6.16 

6.16 

6.17 

6.17 

6.192 

6.192 

6.24 

6.24 

74.8 

10   

74.8 

15        

74.82 

15            

74.82 

20          

74.87 

20           

74.87 

25 

74.92 

26       

74.92 

30          

74.97 

30 --. 

74.97 

36            

75. 09 

35        

75.09 

40 

75.3 

40 

75.3 

45               

75. 94 

45 

75.94 

60 
50 


6.28 
6.28 


76.4 
76.4 


93 

107.8 

60.3 

117 

92.6 

ior.3 

69.6 

97.7 

113.4 

65  9 

iw 

97.7 

113.4 

65.9 

110.7 

128.3 

58.3 

147 

113.6 

131.7 

56.8 

120.8 

140 

&)5 

120.2 
124.3 
126.6 

139.3 
141.1 
146.7 

53.7 

62 

51 

223 

139.1 

101.2 

46.5 

255 

140.1 
146.5 
150 

162.4 
169.8 
173.8 

46.2 
44.4 
43.3 

300 

166.7 
165.4 

193.2 
191.7 

39.3 
39.6 

306 

187 
182.7 

216.8 
211.7 

35.2 
36.1 

87S 

HOOD.] 
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Figures  from  efficiency  teats  of  4'inch  Mark  pump;  stroke,  13,91  incTi^a— Contdnaed. 

LIFT,  17.88  FEET. 


Speed. 

Dis 
charge 

per 
stroke. 

Foot- 

pounds 

of  useful 

work. 

Average 

pull  on 

rod. 

Foot- 
pounds 
of  work 

given 
to  rod. 

Mechan- 
ical effi- 
ciency. 

Maxi- 
mum 
pull  on 
rod. 

10 

Pounds. 
6.146 
6.146 
6.148 
6.148 
6.152 
6.152 
6.156 
6.166 
6.16 
6.16 
6.17 
6.17 
6.192 
6.192 
6.24 
6.24 
6.28 
.6.28 

109.6 

109.6 

109.6 

109.6 

109.7 

100.7 

109.8 

109.8 

109.8 

109.8 

110 

110 

110.4 

110.4 

111.3 

111.8 

112 

112 

Pounds. 
119.6 
121.6 
126.1 
130.5 
139 
135.7 
137 
148.7 
162.9 
176.1 
183.6 
175.6 
184.3 
189.4 
211.8 
213.7 
239.5 
257.5 

139 

140.9 

146.1 

161.3 

161.1 

167.3 

168.8 

172.4 

188.8 

202.9 

212.6 

208.3 

218.6 

219.6 

246.5 

248.7 

2n.6 

298.4 

Per  cent. 
79.1 

n.8 

76 

72.4 

68 

69.7 

60.1 

63.7 

68.1 

54.1 

51.7 

52.8 

51.7 

60.3 

45.3 

44.9 

40.8 

37.5 

Pounds. 
210 

10 

15 

16 

20 

80 

226 

26 

264 

26 

270 

ao 

875 

ao 

411 

85 

432 

36 

420 

40 

40 

489 

46 

665 

46 

50 

60 

684 

LIFT,  24.2  FEET. 


10 

6.146 

6.146 

6.146 

6.148 

6.148 

6.162 

6.162 

6.166 

6.166 

6.16 

6.16 

6.17 

6.17 

6.192 

6.192 

6.24 

6.24 

6.24 

6.24 

6.28 

6.28 

148.7 

148.7 

148.7 

148.8 

148.8 

148.9 

148.9 

149 

149 

149.1 

149.1 

149.3 

149.3 

149.8 

149.8 

161 

161 

161 

161 

162 

162 

160 

157.2 

147.4 

166.6 

166.6 

161.1 

161.1 

in.  3 

174.7 
188.8 
191.4 
216.8 
200.4 
262.7 
244.6 
243.6 
242.4 
275.8 
267.6 
287.2 
274.7 

178.8 

182.2 

170.8 

181.4 

181.4 

186.7 

186.7 

206.5 

202.5 

218.8 

221.8 

249.5 

232.3 

304.4 

283.5 

282.3 

281 

310.6 

298.4 

309.5 

318.4 

86.5 

81.6 

87 

82 

82 

79.7 

79.7 

72.5 

73.6 

68.1 

67.2 

69.8 

64.2 

49.2 

62.8 

68.6 

63.7 

47.2 

60.6 

49 

47.7 

228 

10 

234 

10 

225 

16 

266 

15 

268 

20 

285 

20 ^ 

285 

25 

348 

25 

346 

30 

447 

ao 

471 

a5 

568 

85 

601 

40 

720 

40..           

660 

46 

665 

46 

640 

46 

45 

700 

60 

775 

60 

776 

LIFT,  aai7  FEET. 


10 

6.146 

6.146 

6.148 

6.148 

6.152 

6.152 

6.166 

6.156 

6.16 

6.16 

6.17 

6.17 

6.192 

6.192 

6.24 

6.24 

185.4 
185.4 
185.6 
186.6 
186.6 
185.6 
185.7 
185.7 
185.8 
186.8 
186.1 
186.1 
186.8 
186.8 
188.2 
188.2 

195.6 

191.3 

198.9 

200 

206.7 

206.7 

208.9 

211 

235.9 

234.8 

255.4 

257.6 

260.8 

265.1 

283.4 

288.8 

226.7 

221.7 

230.5 

231 

239.6 

239.6 

242 

244.6 

273.4 

272.2 

296 

298.5 

302.8 

307.3 

328.5 

334.7 

81.7 

83.6 

80.4 

80 

77.4 

77.4 

76.7 

76.9 

67.9 

68.2 

62.8 

62.3 

61.8 

60.8 

67.3 

66.2 

300 

10 

305 

16 

360 

15 

345 

20 

380 

20 

390 

25 

410 

26 

410 

80 

535 

30 

535 

85 

660 

86 

675 

4U 

675 

40 

700 

46 

880 

46 

820 

40 
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Figure  from  efficiency  testa  of  4-inch  Mark  pump;  stroke^  IS»91  tnc/ies— Oontixmed. 

LIFT,  aai7  FEET. 
[Pump  hoavily  weighted.] 


Speed. 


10 
10 
15 
15 
80 
90 
25 
25 
30 
30 
35 
85 
40 
40 
45 
45 
60 


Dis- 
charge 

per 
stroke. 

Foot- 
pounds 
of  useful 
work. 

Average 

pull  on 

rod. 

Foot- 
pounds 
of  work 

given 
to  rod. 

Pounds. 

Pounds. 

6.16 

185.8 

195.9 

287 

6.16 

185.8 

194.8 

235. 8 

6.192 

186.8 

204.3 

236.8 

6.1fi2 

186.8 

203.2 

235.6 

6.196 

186.9 

216.3 

250.7 

6.196 

186.9 

213 

246.9 

6.196 

187 

223.8 

258.2 

6.198 

187 

290.6 

255.7 

6.204 

187.2 

240.3 

278.5 

6.204 

187.2 

245.7 

284.7 

6.23 

187.9 

248.9 

288.5 

6.23 

187.9 

254.3 

294.7 

6.34 

191.2 

281.2 

326 

6.34 

191.2 

285.6 

330.9 

6.58 

197.6 

318.7 

369.4 

6.58 

197.6 

314.1 

364 

6.744 

203.5 

366.8 

413.6 

Mechan- 
ical effi- 
ciency. 


Percent. 
81.8 
82.3 
78.6 
79.3 
74.5 
75. 

n. 

72. 

87. 

65. 

66.1 

63.7 

68.6 

67.8 

63.7 

54.6 

49.2 


7 
4 
7 
2 
7 


Maxi 

mum 

poIloD 

rod. 


Pounds. 
815 

am 


410 
415 
4W 
4» 


6» 
615 

no 

755 

880 

845 

1,000 


LIFT»  36.3  FEET. 
[Pump  heavily  weighted.] 


10 
10 
15 
16 
20 
20 
25 
25 
80 
30 
85 
85 
40 
40 
45 
45 
60 
60 
50 
50 
50 


6.16 

233.6 

244.6 

283.5 

78.9 

6.16 

223.6 

215.6 

284.7 

78.5 

6.192 

224.8 

253.3 

293.5 

76.5 

6.192 

224.8 

266.5 

2973 

75.6 

6.196 

224.9 

263 

304.8 

78.8 

6.196 

224.9 

259.7 

301 

74.7 

6.198 

225 

272.7 

316.1 

71.1 

6.198 

225 

273.8 

317.3 

70.9 

6.204 

225.2 

287.7 

333.5 

67.5 

6.204 

225.2 

296.3 

343.4 

66.5 

6.23 

226.1 

307.9 

356.9 

63.3 

6.23 

226.1 

306.9 

355.7 

63.6 

6.34 

230.2 

335.8 

380.3 

59.1 

6.34 

230.2 

343.3 

398 

67.8 

6.584 

239 

360.5 

417.9 

67.2 

6.584 

239 

387 

435.3 

64.9 

6.744 

244.8 

418  5 

485 

60.4 

6.744 

244.8 

391.6 

453.9 

53.9 

6.744 

244.8 

403.4 

467.6 

62.3 

6.744 

244.8 

403.4 

467.6 

68.3 

6.744 

244.8 

400.9 

475.1 

61.6 

i 

365 

aso 

415 
410 
465 
465 

600 
510 


no 

790 
780 

m 


1,005 
1,000 
l.flSO 
1,085 
1,000 


10 
15 
20 
25 
30 
a5 
40 
45 
50 


Plotted  ai'erages  of  discharge  per  stroke,  suction  test  of  4'inch  Mark  pump. 


Speed. 


Discharge,. in  pounds,  per  stroke. 


Total  lift, 

38  feet: 

suction  lift. 

30.85  feet 


185.5 

1?2.5 

79.5 

25.5 

7.5 


Total  lift, 

37.96  feet; 

suction  lift, 

24.77  feet. 


6.11 

6.154 

6.15 

5.996 

5.730 


Total  lift, 

38  feet; 

suction  lift, 

18.77  feet. 


6.21 

6.226 

6.23 

6.234 

6.256 

6.46 

6.024 


Total  lift, 

37.96  feet; 

suction  lift. 

12. 77  feet. 


6.16 

6.168 

6.176 

6.184 

6.192 

6.2 

6.266 

6.754 

6.78 


ToUl  lift, 

37.92  feet; 

suction  lift, 

6.78  feet. 


6.13 

6.16 

6.168 

6.174 

6.178 

6.184 

6.250 

6.66 

6.68 


Total  lift, 

37.92  feet: 

suction  lift, 

0.6  foot 


6.14 

6.15 

6.156 

6.16 

6.164 

6.184 

6.31 

6.656 

6.706 


MABK  PUMP. 
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Hschargea  of  J^nch  Mark  pump  at  various  suction  lifts  and  speeds. 


Discharge,  in  pounds,  for  50  strokes. 

Speed. 

Total  lift, 
88  feet; 
suction 

lift,  80.86 
feet. 

Total  lift, 

87.96  feet; 

suction 

lift,  24.77 

feet 

Total  lift, 
88  feet; 
suction 

Uft,  18.77 
feet. 

Total  lift, 

37.96  feet; 

suction 

Uft,  12.77 

feet. 

Total  Uft, 

87.92  feet, 

suction 

Uft,  6.78 

feet. 

Total  lift, 

88.08  feet; 

suction 

lift,  0.6 

foot. 

186.5 

806 

806 

810.5 

806 

806.5 

806.6 

209.6 

800 

290 

283.6 

811.6 

809.5 

311 

812 

812.5 

310 

813 

811 

812.6 

818 

828 

8S» 

801.6 

801 

808.6 

807.5 

806.5 

809.6 

807.5 

810 

810.5 

800 

808 

800 

811 

800 

812.5 

814 

887.5 

8R8 

840 

8R8 

806.6 

806.6 

807.5 

806.5 

800 

809.5 

808.6 

808.5 

809 

809 

809.5 

809 

312.6 

806  6 

807.6 

172.6 

807 

808 

79.5 

808.6 

• 

807 

26.5 

807 

800.6 

7.5 

808 

807 

811.6 

807 

818.5 

818.6 

828 

■ 

884 

831.6 

880 

Figures  from  suction  test  of4'inch  Mark  pump, 

TOTAL  LIFT,  88.08  FEET;  SUCTION  LIFT,  0.6  FOOT. 


Speed. 

Dls- 
clla^ge 

per 
stroke. 

Foot- 
pounds 
of  useful 

work. 

Average 

puUon 

rod. 

Foot- 
ix>und8 
of  work 
given  to 

rod. 

Mechan- 
ical effi- 
ciency. 

Maxi- 
mum 
puUon 
rod. 

Pounds. 
6.14 
6.14 
6.15 
6.15 
6.156 
6.156 
6.156 
6.16 
6.16 
6.164 
6.164 
6.184 
6.184 
6.84 
6.34 
6.556 
6.556 
6.708 
6.708 

283.8 
283.8 
234.2 
234.2 
285.4 
285.4 
286.4 
236.5 
235.6 
235.7 
285.7 
236.6 
236.6 
241.4 
241.4 
240.6 
249.6 
255.4 
255.4 

Pounds. 
268.3 
256.6 
257.7 
267.7 
263.1 
207.6 
264.2 
275.1 
276.1 
297.8 
816.8 
822.8 
840.2 
850.8 
868 
304 
890.7 
415.6 
418.8 

293.6 

207.4 

298.6 

298.6 

804.9 

810 

806.2 

818.8 

820 

846.2 

886.6 

874.2 

894.3 

416.4 

426.6 

456.6 

462.8 

481.7 

486.4 

Percent. 
79.6 
78.6 
78.4 
78.4 
76.8 
75.6 
76.6 
78.5 
78.8 
68 
64 
62.9 
59.7 
57.9 
66.6 
64.6 
65.1 
53 
52.6 

Pounds. 
860 

870 

890 

400 

460 

470 

470 

680 

680 

710 

700 

780 

800 

010 

920 

090 

1,000 

1,080 

1,090 

TOTAL  LIFT,  87.92  FEET;  SUCTION  LIFT,  6.78  FEET. 


6.13 

6.18 

6.16 

6.16 

6.168 

6.168 

6.174 

6.174 

6.178 

6.178 

6.184 

6.184 

6.25 

6.26 

6.56 

6.66 

6.68 

6.68 

282.4 

282.4 

283.6 

233.6 

233.9 

233.9 

284.1 

234.1 

234.2 

234.2 

234.5 

234.5 

287 

287 

248.8 

248.8 

263.8 

253.3 

246.1 
248.5 
256.5 
255.5 
266.4 
270.7 
287.1 
292.6 
802.2 
816.2 
8ffii.2 
382.2 
869.9 
881.6 
422.4 
404.1 
468.8 
472 

284 
282.2 

297.8 
296.1 
808.7 
813.8 
832.8 
839.1 
860.2 
865.8 
885.1 
885.1 
.   416.9 
442.1 
489.6 
468.3 
543.3 
547.1 

81.8 

82.8 

78.5 

78.9 

75.7 

74.5 

70.8 

69 

66.9 

64.1 

60.9 

60.9 

66.8 

68.6 

50.8 

63.1 

46.6 

46.8 

880 

876 

485 

486 

490 

606 

686 

680 

eeo 

720 

785 

800 

870 

050 

1,005 

060 

1.160 

1,060 

\ 
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[Jf0.]4. 


Figures  from  suction  teat  of  J^inch  Mark  pump^ContinnecL 

TOTAL  LIFT,  87.96  FEET;  SUCTION  LIFT,  12.77  FEET. 


Speed. 


10 
10 
15 
16 
20 
20 
25 
25 
80 
30 
35 
85 
40 
46 
45 
45 
45 
60 
60 


Dis- 
charge 
per 

Poot- 
ponnds 
ofosefol 

Average 

pollen 

rod. 

stroke. 

work. 

Poundt. 

Pounds. 

6.16 

233.8 

254.4 

6.16 

283.8 

262.2 

6.168 

234 

2S6 

6.168 

234 

260.4 

6.178 

213.8 

263.1 

6.176 

213.8 

264.2 

6.184 

234.7 

277.3 

6.184 

234.7 

282.8 

6.192 

236 

301.3 

6.192 

235 

290.1 

6.2 

235.4 

319.6 

6.2 

235.4 

318.6 

6.266 

237.9 

394.6 

6.754 

266  4 

414.1 

6.754 

256.4 

407.6 

6.764 

256.4 

439.1 

6.764 

256.4 

430.4 

6.78 

257.4 

431.8 

6.78 

267.4 

443.7 

Poot- 

ponnds 

of  work 

given  to 

rod. 


Mechan- 
ical effi- 
ciency. 


Mazi- 
mam 

pull  00 

rod. 


204.8 

292.8 

296.7 

801.8 

804.9 

806.2 

821.4 

827.7 

849.2 

846.7 

870.4 

309.1 

457.3 

480 

472.4 

608.9 

498.9 

500.5 

614.8 


Percent, 
79.8 
80 
78.9 
77.6 
76.8 
76.6 
78 
71.6 
07.8 
67.8 
63.6 
63.7 
62 
63.4 
64.2 
60.3 
61.4 
51.4 
60 


an 
m 

410 
400 

sao 

GO 

715 
TO 
915 
8fB 

885 


1,000 


TOTAL  LIFT,  38  FEET;  SUCTION  LIFT,  18.77  FEET. 


10 
10 
15 
15 
20 
20 
25 
25 
30 
30 
30 
35 
85 
40 
40 
40 
40 


6.21 

236 

239.1 

277.1 

86.1 

6.21 

236 

241.2 

279.6 

84.4 

6.226 

286.6 

254.4 

204.8 

80.2 

6.226 

236.6 

260 

288.3 

81.6 

6.23 

286.7 

268.5 

81L2 

76 

6.23 

288.7 

264.1 

806.1 

77.8 

6.234 

236.9 

271.7 

314.9 

76.2 

6.234 

236.9 

271.7 

814.9 

76.2 

6.256 

237.7 

302.2 

350.2 

67.8 

6.256 

237.7 

3QS.2 

350.2 

67.8 

6.256 

237.7 

803.8 

362. 1 

67.5 

6.46 

245.6 

360.2 

406.9 

60.4 

6.46 

245.5 

340.5 

394.7 

62.2 

6.024 

225.7 

865.7 

423.9 

64 

6.024 

225.7 

355.9 

422.1 

55.6 

6.024 

225.7 

364.6 

422.6 

64.1 

6.024 

225.7 

364.6 

422.6 

64.1 

SIC 


885 

tt5 

440 
485 
490 
660 
556 
6:0 
725 
7» 
830 


m 


TOTAL  LIFT,  37.96  FEET;  SUCTION  LIFT,  24.77  FEET. 


10 

6.11 

6.11 

6.154 

6.154 

6.15 

6.15 

6.15 

6.15 

6.15 

5.996 

5.996 

5.996 

5.996 

6.996 

6.ra 

6.73 

231.9 
231.9 
233.6 
233.6 
233.5 
233.5 
233.5 
233.5 
233.6 
227.6 
227.6 
227.6 
227.6 
227.6 
213.7 
213.7 

240.1 

241.2 

260 

248.9 

268.7 

268.4 

2e».6 

273.8 

259.8 

291.7 

291.5 

286 

287.1 

292.8 

279.5 

270.7 

278.8 

279.6 

289.8 

288.6 

299.9 

811.1 

812.8 

317.4 

801.1 

838 

337.8 

331.6 

332.8 

389.3 

323.9 

313.8 

83.8 

82.9 

80.6 

80.9 

77.8 

76 

74.7 

73.5 

77.5 

67.3 

67.3 

68.6 

68.4 

67 

65.9 

68.1 

290 

10 

285 

16 

810 

15 

806 

20 

316 

20 

886 

20 

370 

20 

87S 

20       

845 

26 

425 

26 

GOO 

26 

415 

26 

MR 

26        

406 

30        

686 

80                  

475 

TOTAL  LIFT,  38  FEET;  SUCTION  LIFT,  80.86  FEET. 


10 
10 
15 
16 
20 
20 
25 
25 
30 
30 


3.71 

8.71 

3.45 

8.45 

1.69 

1.69 

.516 

.310 

.14 

.14 


141 
141 
131.1 
131.1 

eo.4 

60.4 
19.6 
19.6 
5.32 
5.32 


178.3 

178.3 

165.2 

175 

116.8 

125 

96 

102.6 
109.8 

81.1 


206.6 

68.2 

206 

206.6 

68.2 

286 

191.6 

68.4 

286 

2U2.8 

64.6 

286 

135  4 

44.6 

230 

144.9 

41.7 

2S0 

113.9 

17.21 

270 

118.9 

16.4 

25S 

127.2 

4.1 

286 

94 

6.6 

285 

EFFICIENCY   OF  PUMPS. 
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FRIZELL  PUMP. 


g.  23  represents  a  piston  pump  having  a  valve  chamber  surround- 
fche  cylinder,  and  containing  eight  small  clack  discharge  valves. 


rra.SSu— Vertical  section  of  piston  pump  with  valve  chamber  surronnding  cylinder. 

suction  valve  is  a  heavy  disk  valve,  playing  in  a  special  suction 
iber,  guided  at  its  circumference,  and  not  limited  in  W,^  T\^fe.    W 
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[saU. 


is  arranged  to  withdraw  through  the  cylinder  if  necessary.    On  the 
upstroke  water  is  drawn  into  the  cylinder  through  the  suction  valve; 


12.6 


^12.5 

•9 

& 
•2  12.4 

I 
I 

■§123 

I 


122 


- 

^ 

^ 

<^ 

^ 

S^ 

• 

- 

10  15  20  25  30  30  40         45  50 

Strokaa  p«r  nlaotc.    Stroka,  14.11  inches. 

FiQ.  21— Discharge  enrye  of  6-inch  Frizell  pump. 


55 


on  the  downstroke  this  water  is  forced  through  the  delivery  valves 
into  the  space  above  the  piston,  and  is  lifted  on  the  next  upstroke. 


"So  ?5  30  35         40 

StrokM  p«r  mleiite.    Strokt,  14.11  Inches. 

Fia.25.— Varying-efflciency  curves  of  6-inch  Frizell  pump,  showing  effect  of  varying  height  d 

lift  and  speed. 

The  suction-valve  area  is  59^^  per  cent  of  the  cylinder  area;  the  cylin- 
der diameter,  5.74  inches;  the  upper  valve  seat  area,  29.7  inches,  or 
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I  inches  more  than  the  cylinder  area;  the  weight  of  the  pump,  270 
nnds,  and  the  weight  of  piston,  rod,  etc.,  62  pounds.  This  pump 
bs  designed  especially  for  irrigation  purposes,  and  is  known  as  the 
B*rizell"  pump.  It  is  remarkable  for  its  sustained  efficiency  at  high 
eeds.  So  far  as  tested  the  speed  was  limited  only  by  the  ability  of 
nnections  to  stand  the  work.  Fig.  24  gives  the  discharge  per  stroke, 
lich  reaches  a  maximum  of  95^  per  cent  of  the  geometrical  displace- 
3nt.     Fig.  25  shows  efficiency  curves  for  five  lifts.     The  small  dif- 


100 


20         25 

Hdrhtotltfl,lBfB«t. 

Pio.  26.— Variation  of  efficiency  with  varying  height  of  lift  of  0-inch 
Fri2seU  pomp  at  speed  of  20  strokes  per  minute. 

rence  of  efficiency  at  different  speeds  is  due  to  the  employment  of 
rge  valve  areas  and  small  quick-closing  valves.  Fig.  26  shows  that 
iciency  varies  with  the  lift,  being  at  its  best  probably  at  about  25 
et.     The  tables  present  the  details  of  the  tests. 

jMscharge  of  e-inch  FrizeU  pump  at  varioua  lifts  and  speeds. 


Speed. 

Discharge  in 

30  strokes,  lift 

7.66  feet. 

Discharge  in 

30  strokes,  lift 

12.66  feet. 

Discharge  in 

30  strokes,  lift 

82.75  feet. 

Plotted  av- 
erages 
per  stroke. 

378 

877 

377 

379 

377 

378i 

382 

387 

377 

378 

380 

883^ 

38U 

12.60 

371 

3n 

373^ 

872i 

370 

370 

366i 

860 

371 

865 

370 

865i 

3651 

367 

372 

864 

12.66 

12.57 

380 

882 

381* 

376 

SHi 

374i 

379 

374i 

376 

373 

870i 

360 

12.55 

376 

879 

874 

371 

879 

375i 

374 

373 

3r7t-378 

380-379 

871*-374 

363 

371  -370 

372 

371  -371 

12.62 

12.47 

12.44 

12.40 

12.36 

364 
859 
361 
857 

12.30 

12.22 

-•-"-T"-""*"  *"*""■  "*"""*"""*""*""*""* 
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[iio.li 


Figures  from  efficiency  tests  of  G-inch  Frizdl  pump;  stroke,  19.^  tncto. 

LIFT,  7.66  FEET. 


Speed. 


10 
10 
15 
15 
20 
20 
25 
26 
80 
30 
85 
35 
40 
40 
45 
45 
SO 
SO 
56 
55 
60 
60 


Dis- 
charge 

per 
stroke. 


Pounds. 
12.60 
12.50 
12.56 
12.56 
12.57 
12.57 
12.56 
12.56 
12.52 
12.52 
12.47 
12.47 
12.44 
12.44 
12.40 
12.40 
12.36 
12.36 
12.30 
12.30 
12.22 
12.22 


Foot- 

?oands' 
useful 
work. 


95.75 
05.75 
96.21 
96.21 
96.28 
96.28 
96.18 
96.13 
95.90 
96.90 
95.52 
95.52 
95.29 
95.29 
94.98 
94.98 
94.68 
94.68 
94.22 
94.22 
98.60 
93.60 


Average 

pull  on 

rod. 


PounxcU. 
106.87 
111.70 
124.46 
127.65 
124.45 
123.40 
122.36 
122.88 
123.40 
121.30 
121. 3f) 
125.53 
125.53 
125.58 
125.53 
124.45 
126.56 
128.16 
128.16 
128.16 
128.16 
129.26 


Foot- 
pounds 
of  work 
given  to 
rod. 


124. 
131. 
146. 
150. 
146. 
145. 
143. 
144. 
145. 
142. 
142. 
147. 
147. 
147. 
147. 
146. 
148. 
150. 
150. 
150. 
150. 
152 


11 
36 
35 
12 
35 
12 
88 
50 
12 
66 
65 
61 
61 
61 
61 
36 
84 
72 
72 
72 
72 


Mechan- 
ical effi- 
ciency. 


Per  cent. 
77.1 
72.8 
66.4 
64.1 


7 
.3 

8 


65. 

66. 

66. 

66.5 

66 

07.2 

66.9 

64.7 

64.6 

64.5 

64.3 

64.9 

63.6 

62.8 

62.5 

62.5 

62.1 

61.5 


Blazi- 

mum 

tension 

on  rod. 


Hini- 

mnm 

tenflioo 

on  rod. 


Pounds. 

Pounds. 



800 

-» 

LIFT,  12.66  FEET. 


10 
10 
16 
15 
20 
20 
25 
25 
80 
80 
86 
85 
40 
40 
45 
46 
60 
60 
55 
56 
60 
60 


12.50 
12.50 
12.56 
12.56 
12.67 
12.57 
12.56 
12.65 
12.62 
12.52 
12.47 
12.47 
12.44 
12.44 
12.40 
12.40 
12.36 
12.86 
12.30 
12.30 
12.22 
12.22 


168.25 

158.25 

150 

159 

159.14 

159.14 

168.98 

168.96 

158.50 

158.50 

157.86 

157.86 

167.49 

167.49 

156.98 

156.98 

156.58 

156.58 

155.72 

156.72 

154.70 

154.70 


191.46 
192.80 
186.95 
187.76 
181.40 
189.85 
187.20 
188.55 
192.80 
191.46 
191.45 
191.45 
189.35 
191.45 
190.65 
185.10 
187.70 
194.44 
188.55 
188.55 
192.80 
180.35 


225.15 

226.70 

220.25 

220 

213 

223.67 

220.15 

221.74 

226.73 

226.15 

226.15 

225.15 

2^.67 

225.15 

224.21 

217.68 

219. 15 

228.66 

221.74 

221.74 

226.73 

222.67 


70.8 

69.8 

72.1 

72 

74.6 

71.4 

72.2 

71.7 

60.9 

70.3 

70.1 

70.1 

70.7 

69.9 

70 

72.1 

76.9 

68.4 

70.2 

70.2 

66.2 

69.4 


300 

66 

310 

40 

750 
750 

•*'     -75 

850 

"'"'  -TO 

LIFT,  22.66  FEET. 


10        

13.50 
12.50 
12.56 
12.56 
12.57 
12.57 
12.56 
12.55 
12.52 
12.62 
12.47 
12.47 
12.44 
12.44 
12.40 
12.40 
12.36 
12. :« 
12.30 
12.30 
12.22 
12.22 

283.25 
283.25 
284.61 
284.61 

284.84 
284.84 
284.38 
284.38 
283.70 
283.70 
282.56 
283.56 
281.89 
281.89 
280.98 
280.98 
280.08 
280.08 
278.  ?w' 
278.72 
276.90 
276.90 

277.50 

326.34 

86.7 

80.6 

86.4 

87.2 

87.3 

87.3 

85.6 

86.2 

85.3 

84.4 

82.6 

81.3 

81 

82.3 

81.8 

84.6 

80.9 

80.6 

81.1 

81.4 

81.1 

79.4 

410 

60 

10      

15                

279.66 
277.50 
277.50 
277.50 
282.70 
280.60 
283.70 
284.80 
291.10 
295.35 
295  35 
291.10 
291.10 
284.80 
294.40 
295.35 
292  10 
291.10 
290.^ 
296.20 

328.87 
306.34 
826.34 
826.34 
332.35 
329.98 
3:j3.36 
334.92 
:M2.33 
347. ;« 
347.33 
342.33 
342.33 
332.12 
846.12 
347.33 
343.89 
843.33 
841.34 
848.33 

16         

20         

20           

25           

26             

ao    

500 

■'•'   ^5 

30              

35              

85 

40       

770 

:^i 

40                

45          

45    

930 
085 

••••  3 

50        

.-100 

50              

56           

66 

1,060 

46o 

flO               

60               .... 
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'tsfrom  efficiency  testa  of  6-itich  Frizell  pump;  stroke,  19,1  inches — Continued. 


LIFT,  32.75  FEET. 


Speed. 

Dis- 
charge 

per 
stroke. 

Foot- 

ponnds 

of  useful 

work. 

Average 

pull  on 

rod. 

Foot- 
pounds 
of  work 
given  to 

rod. 

Mechan- 
ical effi- 
ciency. 

Maxi- 
mum 
tension 
on  rod. 

Mini- 
mum 
tension 
on  rod. 

Pounds. 
12.50 
12.50 
12.56 
12.56 
12.67 
12.57 
12.55 
12.55 
12.52 
12.52 
12.47 
12.47 
12.44 
12.44 
12.40 
12.40 
12.36 
12.36 

409.38 
409.38 
411.34 
411.34 
422.06 
422.06 
421.41 
421.41 
420.43 
420.43 
408.38 
408.39 
407.41 
407.41 
406.10 
406.10 
404.79 
404.79 

Pounds. 
486.38 
431.25 
441.60 
444.00 
440.40 
441.60 
429 
485.38 
425.85 
431.25 
424.42 
424.42 
430.80 
435.03 
425.20 
419.47 
425.20 
425.20 

512 

607.15 

519.32 

523.20 

617.91 

591.32 

504.50 

512 

500.90 

507.16 

490.12 

409.12 

506.62 

610.42 

600.04 

493.29 

500.04 

500.04 

Per  cent. 
81.3 
80.7 
79.2 
78.6 
81.5 
81.7 
83.6 
82.1 
83.9 
82.9 
81.8 
81.8 
81.3 
79.8 
81.1 
82.9 
80.9 
8a9 

Pounds. 

Pounds. 

730 

—30 

1,050 
1,027.5 

-97.5 

—90 

1,280 

—60 

LIFT,  87.75  FEET. 


12.50 
12.60 
12.66 
12.56 
12.57 
12.67 
12.65 
12.55 
12.52 
12.52 
12.47 
12.47 
12.44 
12.44 
12.40 

471.87 
471.87 
474.14 
474.14 
474.52 
474.52 
473.76 
473.76 
472.63 
472.63 
470.74 
470.74 
460.61 
469.61 
468.10 

484.26 
484.87 
478.72 
475.50 
476.62 
479.77 
498.52 
486.22 
488 
485.75 
482.62 
483 
•  4^.38 
486.22 
486.22 

573.97 

586.68 

562.97 

569.19 

660.40 

564.21 

679.20 

561.79 

568 

583 

579.20 

568 

575.51 

571.79 

571.79 

82.2 

83.2 

86.3 

84.7 

84.6 

84.1 

81.7 

84.8 

83.2 

81 

81.2 

82.8 

81.6 

82.3 

81.9 

I 

750 

0 

1,020 

—67.5 

1,006 

—67.6 

18  TESTS  OP  PUMPS  AND  WATER  LIFTS.  I>wi*. 

In  the  smaller  size  of  thia  aame  make,  fig.  27,  a  single  bntterfly  valTe 
n  the  piston  replaces  the  several  email  clack  valves.     The  cylinder  is 


1 

T 

Via.  B7.— Vertical  aectloQ  ot  PriioU  crlindeT  With  hotterfly  valve. 

brass-lined,  is  3.73  inches  in  diameter,  and  has  a  24-inch  stroke.    The 
valve  area  in  the  piston  is  27.4  percent  of  the  cylinder  area;  thesoc- 
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tion  valve,  66  per  cent;  the  weight  of  the  pnmp,  57^  pounds,  and  the 
weight  of  piston,  rod,  etc.,  39J  pounds.    Fig.  28  shows  a  dischaige 
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attaining  to  100  per  cent  at  speeds  ranging  from  25  to  40  strokes  per 
minute.  Fig.  29  shows  the  efficiency  at  six  different  lifts.  The  sus- 
tained efficiency  of  this  pump  is  noticeable.  In  fig.  30  increase  of 
efficiency  with  increase  of  lift  appears.  This  pump  is  much  used  in 
Kansas  for  irrigation. 


lOOi 


•»  •       so         as  do       r»S         ^o        4-5 

SUokM  per  mlna(«.    Birck;  83.7  Inches. 

FlO.  29.— Vi^Tixig-efflciezicy  curves  of  4-lnch  Frizell  pamp,  showing  effect  of  varying  height  of 

.^        "if  t  and  speed. 
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TESTS   OP   PUMPS   AND   WATER   LIFTS. 


[sali 


30 


lO 


30 


35 


^o 


15  20  25 

Height  of  lift,  in  fett 

Fio.  30.— Variation  of  efficiency  with  Tarying  height  of  lift  of  i-inch  Frizeli  pomp  at  speed  of » 

strokes  per  minute. 


Discharges  of  4'inch  Frizeli  pump  at  various  lifts  and  speeds;  stroke,  23,7  iw^ 


10. 

10. 

15. 

15 

20. 

20 

25 

25. 

30. 

30 

86 

35 

40 

40 

45 

45 

SO 

50 

55 

55 


Sliced. 


Discharge 

for  60 

strokes; 

lift,  24.3 

feet. 


Pounds. 


400 


406 


407 


400 


472 


407 
407 


Discharge 

for  50 

strokes: 

lift,  24.8 

feet. 


Pounds. 
451.5 
457.5 
403.5 
404 
404.5 
404 
403.5 
408.5 
409 
405 
408 
403. 
400. 
400. 
402. 
405 
449.5 


Discharge 

for  60 

strokes; 

Uft,  37.8 

feet. 


Pounds. 
402 
405 
400 
408 
407 
408 
407 
407.6 
407 
407 
408 
400.5 
400 
407 
407.5 
407.6 
i43 


Discharge 

for  80 

strokes; 

lift,  12L75 

feet. 


Pounds. 
275.5 
275.5 
275.5 
275.5 
278 
278 
278.5 
278.5 
279.5 
279.5 
279.5 
281 
281 
280.5 
280.5 
280 
2Z7.5 
279 
171 


Discharge 

for  80 

strokes; 

lift,  6.64 

feet. 


Pounds. 
274 

274 

277 

278.6 

281 

281.5 

280 

280 

279 

280 

281 

280.6 

284 

280 

280 

282 

279 

279 

253 

387 


Plotted 

aversg* 

dischtfJJ 

perrti***' 


9.1« 

a 

9.'3« 
9.38 
9.S 

9.'S' 
9.3S 
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Figures  from  efficiency  tests  of  4'inch  Frizell  pump;  stroke  ^  23,1  inches. 

LIFT,  6.64  FEET. 


Speed. 

Dis- 
charge 

per 
stroke. 

Foot- 
pounds 
OI  asefnl 
work. 

Average 

pnll  on 

rod. 

Foot- 
pounds 
of  work 

given 
to  rod. 

Mechan- 
ical effi- 
ciency. 

Maxi- 
mum 
tension 
on  rod. 

Mini- 
mum 
tension 
on  rod. 

0 

Pounds. 
9.168 
9.168 
9.2593 
9.2602 
9.2724 
9.2724 
9.31 
9.31 
9.327 
9.327 
9.34 
9.34 
9,35 
9.35 
9.33 
9.33 
9.25 
9.26 
8.66 
8.66 

59.96 
50.96 
60.56 
60.56 
60.64 
60.64 
60.89 
60.89 
61.00 
61.00 
61.08 
61.08 
61.18 
61.18 
61.04 
61.04 
60.53 
60.53 
56.68 
56.68 

Pounds. 
79.38 
79.99 
79.15 
78.96 
84.31 
83.75 
77.91 
76.04 
76.66 
77.91 
75.82 
77.08 
75.00 
75.00 
76.23 
76.65 
75.82 
78.75 
75.82 
75.41 

156.77 
158.01 
156.33 
155.94 
161.51 
165.41 
153.81 
150.18 
151.40 
153.87 
149.74 
152.23 
148.11 
148.11 
150.55 
151.38 
149.74 
155.50 
149.44 
148.90 

Percent. 
88.2 
37.9 
38.7 
38.8 
36.4 
36.6 
39.6 
40.5 
40.2 
30.9 
40.7 
40.0 
41.2 
41.2 
40.5 
40.3 
40.4 
39.9 
37.8 
38.0 

Pounds. 
120 

Pounds. 
33 

135 

9 

m 

9 

105 
201 

6 

—  15 

253.5 

30 

249 

—  24 

• 

222 

—  30 

LIFT,  12.75  FEET. 


9.168 
9.168 
9.26G 
9.260 
9.270 
9.270 
9.310 
9.310 
9.327 
9.327 
9.340 
9.340 
9.360 
9.350 
9.330 
9.330 
9.250 
9.250 
5.700 

116.89 
116.89 
118.05 
118.05 
118.22 
118.22 
118.70 
118.70 
118.91 
118.91 
119.08 
119.08 
119  17 
119. 17 
118.99 
118.99 
117.99 
117.99 
72.67 

89.63 
87.07 
94.90 
98.20 
97.17 
96.77 
97.22 
96.60 
94.63 
97.80 
95.22 
96.45 
109.85 
100.70 
99.57 
101.40 
95.77 
96.90 
99.30 

177.00 
171.97 
187.43 
198.11 
191.91 
189.24 
192.00 
190.78 
186.88 
184.82 
188.09 
190.78 
216.95 
198.88 
196.66 
200.26 
189.24 
191.54 
196.11 

66 
68 
63 
61 
61 
62 
62 
62 
63 

6:^ 

63 
63 
54 
59 
60 
59 
62 
62 
37 

175 

30 

260 

11.5 

325 

—  11.5 

350 

95 

375 

—  75 

LIFT,  18.8  FEET. 


9.168 
9.168 
9.280 
9.260 
9.270 
9.270 
9.310 
9.310 
9.327 
9.327 
9.340 
9.340 
9.:fi0 
9.  .350 
9.330 
9.:i30 
9.260 
9.250 
5.700 
5.700 
6.430 
5.430 

173.36 
173.36 
174.07 

174.07 

174.  :e 

174.  :i2 
175.03 
175.08 
175.35 
175.35 
175.59 
17.5.59 
17.5.86 
175.86 
175.45 
175.46 
17:J.98 
173.98 
107.16 
107.16 
102.14 
102.14 

126.75 
130.33 
KJ5.21 
KJ3..W 
i:i9.05 
136.89 
148.  :J2 
143.83 
139.47 
130.47 
141.90 
145.32 
146.64 
151.68 
160.42 
138.57 
154.62 
151.26 
150.42 
156.32 
169.72 
166.33 

250.33 
237.65 
267.04 
263.66 
274.62 
270.35 
292.93 
282.09 
275.45 
275.45 
280.25 
287.00 
289.61 
299.56 
297.08 
278.67 
305.37 
299.40 
297.08 
308.75 
315.36 
306.75 

60 
72 
65 
60 
63 
64 
60 
62 
63 
63 
64 
61 
61 
58 
59 
63 
56 
58 
36 
34 
32 
33 

180 

36 

240 

24 

288 

3 

336 

6 

360 

—    9 

405 

—  30 

450 

-120 

-----  , 

450 

-120 
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Figures  from  efficiency  testa  of  4-inch  Frizell  pump;  stroke,  9S,  7  tnc/i€»— Continued. 

LIFT,  24.8  FEET. 


Speed. 

Dis- 
charge 

per 
stroke 

Foot- 
pounds 
oiosefnl 
work. 

Average 

pnll  on 

rod. 

Foot- 
pounds 
of  work 
glyen 
to  rod. 

Mechan- 
ical effi- 
ciency. 

Maxi- 
mum 
tension 
on  rod. 

Mini- 
mom 
tension 
on  rod. 

10 

Pound*. 
9.168 
9.168 
9.260 
9.260 
9.270 
9.270 
9.810 
9.810 
9.827 
9.327 
9.840 
9.840 
9.360 

'     9.360 
9.330 
9.830 
9.260 

227.36 
227.86 
229.65 
229.65 
229.88 
229.88 
2^0. 88 
230.89 
231.11 
231.11 
231.63 
231.63 
231.88 
231.88 
231.38 
231.38 
229.40 

Pound*. 
149.28 
147.48 
161.28 
156.01 
165.82 
166.66 
156.66 
154.14 
154.14 
162.46 
154.14 
162.48 
157.60 
158.78 
161.10 
158.73 
153.99 

294.82 
291.27 
877.89 
806.06 
807.74 
aU9.40 
808.40 
804.34 
304.32 
801.10 
804.42 
819.23 
311.24 
812.65 
319.00 
312.65 
304.13 

Per  cent. 
77.1 
78.0 
72.3 
75:8 
74.7 
74.3 
74.6 
75.8 
75.8 
76.7 
76.8 
72. 6 
74.4 
74.1 
72.5 
74.0 
76.4 

Po%»nd9. 

Potindi. 

10 

16    

15 

20 

20 

'"'' 

26 

25 

80      

348 

—  as 

80 

86 

86 

40 

886 

-24 

40 

45 

471 

—  as 

45 

50 

• 

LIFT,  3a75  FEET. 


104- 

9.168 

9.168 

9.168 

9.168 

9.26 

9.26 

9.27 

9.27 

9.81 

9.81 

9.327 

9.327 

9.34 

9.84 

9.36 

9.85 

9.33 

9.33 

9.25 

280.80 
280.89 
280.89 
280.88 
284.72 
284.72 
286.12 
286.12 
286.29 
286.29 
286.81 
286.81 
287.20 
287.20 
287.66 
287.66 
286.98 
286.98 
284.58 

176.45 
175.06 
176.00 
167.60 
176.65 
176.66 
179.25 
181.15 
180.66 
184.86 
180.15 
m.36 
190.16 
185.90 
197.45 
196.60 
199.70 
196.25 
188.70 

848.50 
845.70 
847.80 
831.00 
348.70 
848.70 
854.00 
367.80 
366.80 
866.10 
865.80 
360.80 
375.60 
387.20 
390.00 
392.20 
394.40 
381.70 
372.70 

80.5 
81.2 
80.7 
84.8 
81.6 
81.6 
80.5 
79.3 
80.2 
78.1 
80.6 
81.8 
76.4 
78.2 
73.7 
78.3 
72.7 
75.1 
76.3 

250 

15 

10+  :::::::::::::.  .. 

io„.:: 

240 

40 

10 

16 

15 

20 

280 

40 

20 

25 

26 

80 

370 

0 

80 

86 

425 

0 

86 

40 

490 

-» 

40 

45 

540 

—  6 

45 

60 

500 

-125 

LIFT,  37.6  FEET. 


10 

9.168 

9.168 

9.26 

9.26 

9.27 

9.27 

9.31 

9.31 

9.327 

9.327 

9.84 

9.34 

9.35 

9.33 

9.33 

344.61 
344.61 
348.14 
348.14 
348.64 
348.64 
360.06 
360.06 
a50.70 
350.70 
351.18 
361.18 
351.73 
360.91 
360.91 

208.32 
208.32 
213.30 
211.56 
214.08 
220.74 
220.74 
218.94 
224.16 
225.18 
234.34 
231.00 
231.66 
229.56 
234.30 

411.36 
411.35 
421.26 
417.84 
424.58 
435.98 
436.93 
432.40 
442.70 
444.73 
443.07 
456.22 
467.36 
453.38 
462.89 

83 

83 

82 

83 

82 

80 

80 

81 

79.4 

78 

79 

n 

76 
77 
75 

10 

15 

275 

80 

15 

20 

20 

25 

360 

36 

26    

30 

30       

a5 

410 

G 

36 

40            

48 

48     

This  pump  was  arranged  as  a  force  pump,  as  shown  in  fig.  1  (p.  12), 
and  tested  at  three  different  lifts,  as  shown  in  fig.  31.  At  a  lift  of 
about  24  feet  the  efliciency  is  seen  to  be  reduced  from  about  75  per 
cent  to  about  52  per  cent  upon  the  addition  of  a  stuffing  box  and  two 
turns  in  the  discharge  pipe.  This  drop  in  the  efficiency  exhibits  the 
harmful  effect  of  added  complications.  The  gland  was  carefully 
made,  and  as  lightly  packed  as  possible,  to  prevent  leakage.    Adding 
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this  reduction  of  about  20  per  cent  to  the  efficiencies  found  for  the  two 
high  lifts  of  47  and  70  feet,  respectively,  the  efficiency  of  the  pump 


60 
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Strokes  p«r  minute    Stroke,  9S.  T  inchM. 

Fio.  81.— Efficiency  of  4-inch  pump  used  as  a  force  pump. 


when  used  as  a  simple  lift  pump,  as  in  the  first  trials,  is  brought  up 
to  the  neighborhood  of  80  per  cent. 

Figures  from  efficiency  tests  of  4-inch  Frizell  pump,  iised  as  a  force  pump  with  a 

stuffing  box;  stroke^  23,7  inches, 

LIFT,  213  FEET. 


Speed. 

Dis- 
charge 

per 
stroke. 

Foot- 
pounds 
of  useful 
work. 

Average 

pull  on 

rod. 

Foot- 
pounds 
of  work 
given  to 

rod. 

Mechan- 
ical effi- 
ciency. 

Maxi- 
mum 
tension 
on  rod. 

Mini- 
mum 
tension 
on  rod. 

10 

Pounda. 
9.168 
9.168 
9.260 
9.200 
9.270 
9.270 
0.310 
9.310 
9.827 
9.327 
0.340 
9.340 
9.360 
9.360 
9.330 
9.330 

222.48 
222.48 
226.02 
225.02 
225.26 
225.26 
226.32 
226.32 
226.60 
226.60 
227.12 
227.12 
229.55 
229.55 
224.69 
224.69 

Pounda, 
221.06 
225.62 
223.32 
218.88 
217.76 
218.88 
211.08 
217.76 
217.66 
216.60 
221.08 
220.96 
217.68 
215.44 
215.44 
213.44 

436.63 
445.40 
44L06 
432.28 
430.07 
432.28 
416.88 
430.07 
429.66 
427.78 
436.63 
448.66 
449.08 
425.47 
425.47 
431.82 

Per  cent. 
51.2 
60 
6a2 
54.4 
62.8 
62.1 
54.2 
62.6 
52 
52.9 
62.1 
60.6 
51.1 
63.9 
52.8 
62.3 

Pounda. 
2B0 

Pounda. 
24 

10 

15 

15 

20 

20 

25 

306 

—32 

25 

ao 

376 

—82 

80 

85 

35 

40 

40 

46 

-    620 

—88 

46 

Frizell  J^incl^pump;  ftroke,  23,7  inches;  used  as  a  force  pump  and  delivering  water 

Gainst  air  pressure  equivalent  to  the  lift  noted. 

LIFT,  47.87  FEET. 


Speed. 

Dis- 
charge 

per 
stroke. 

Foot- 
pounds 
of  useful 
work. 

Average 

pull  on 

rod. 

Foot- 
pounds 
of  work 
given  to 

rod. 

Mechan- 
ical effi- 
ciency. 

Maxi- 
mum 
tension 
on  rod. 

Mini- 
mum 
tension 
on  rod. 

10             

Pounda. 
9.168 
9.168 
9.26 
9.26 
9.27 
9.27 
9.81 
9.81 
9.327 
9.327 
9.84 
9.84 
9.86 
9.35 
9.88 
9.33 

434.29 
434.29 
438.60 
438.60 
439.21 
439.21 
441.01 
441.01 
441.82 
441.82 
442.44 
442.44 
442.90 
442.90 
441.96 
441.96 

Pounda. 
348.60 
860.60 
376.20 
860.30 
861.82 
860 
866.66 
860 
378.80 
383.58 
380.88 
380 
385.44 
385.32 
402.24 
413.32 

695.78 

729.96 

734.66 

711.69 

713.61 

711 

724.16 

711 

747.14 

767.48 

761.15 

760.60 

761.23 

761 

794.34 

816.80 

Per  cent. 
62.4 
69.4 
69.7 
61.6 
61.5 
61.7 
60.9 
62 
69.1 
68.3 
68.9 
68.9 
68.1 
68.2 
66.9 
54.1 

Pounda. 

Pounda. 

10 

15.                    

15..                

20.                   

20 

26..                  -• 

444 

-18 

26...                

80.. 

30..                   

85...                

686 

—108 

86... 

40... II 

40..                     

«..! II 

756 

—  90 

46.... 

V 

\ 

\ 
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Frizell4'inchpump;  stroke,  ^3,7  inches;  iised  as  a  force  pump  and  delivering  water 
against  air  pressure  equivalent  to  the  lift  noted — Continned. 

LIFT,  70.6  FEET. 


Speed. 


10 

10 u 

16 

16 

20 

20 

26 

25 

30 

30 

85 

85 

40 

40 

46.. 

46 


Dis- 
charge 

per 
stroke.. 


Pounds. 
9.1fi8 
9.168 
9.26 
9.26 
9.27 
9.27 
9.81 
9.31 
9.327 
9.327 
9.34 
9.84 
9.35 
9.36 
9.33 

9.:» 


Foot- 
pounds 
of  usefnl 
work. 


646.34 
046.34 
652.83 
652.83 
653.54 
653.54 
656.36 
65((.36 
657.55 
657.65 
658.47 
058. 47 
659.18 
&59.18 
057.77 
657.77 


Average 

pull  on 

rod. 


Pounds. 
405.76 
510 
515. 33 
514.50 
506.35 
613.22 
636.25 
634.15 
632.13 
627.85 
621.53 
515.33 
632.13 
616.66 
525.60 
525.60 


Foot- 
pounds 
of  work 
given  to 

rod. 


895. 
1,007 
1,101. 
1,016. 
1,003. 
1,013. 
1,059. 
1,054. 
1,060. 
1,042. 
1,090. 
1.101. 
1,050. 
l.OSO. 
1,038. 
1,038. 


77 

11 

90 
62 
09 
96 
95 
50 
02 
11 
96 
32 
06 
06 


Mechan- 
ical effi- 
ciency. 


Per  cent 
72.1 
64.5 
50.2 
04.2 
65 
04. 
61 
62 
62 
63 
63.8 
69.8 
62.7 
64.6 
63.8 
63.3 


Maxi- 
mum 
tension 
on  rod. 


Mini- 
mum 
tensioD 
on  rod. 


Pounds. 


Pounds. 


780 


825 


-75 


-185 


VAN  VOORHIS  PUMP. 


Fig.  32  is  a  piimp  specially  designed  for  slow  speeds  and  low  lifts, 
yet  capable  of  running  at  high  speeds.     It  is  locally  known  in  Kan- 


Fio.  32.— Vertical  section  of  pnmp  designed  for  slow  speeds  and  low  lifts. 
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sas  as  the  Van  Voorhis  pump.  The  piston  is  replaced  by  a  hollow 
plnnger  the  upper  opening  of  which  is  covered  by  a  large  clack  valve. 
The  plunger  is  packed  with  a  suitable  cup  leather  on  the  outside. 


350 
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10 


70 


60 


90 


20  30  40  50  60 

StrolcM  per  mlnnt«.    Stroke,  10.09  inches. 

PlO.  33.— VaxTing-discharge  curves  of  8-incli  Van  Voorhis  pump,  showing  effect  5f  varying  lift 

and  speed. 

The  suction  valve  also  is  a  large  clack  valve.  The  valve  area  is  very 
great,  being  70  per  cent  for  the  lower  valve  and  94  per  cent  for  the 
upper  valve  in  an  8-inch  pump.  The  weight  of  the  pump  was  146 
pounds,  and  of  the  plunger,  rod,  etc.,  101.5  pounds.     This  design  has 
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many  advantages  for  very  slow  running,  which,  however,  quickly 
disappear  when  a  moderate  piston  speed  is  reached.     The  discbarge 


10 


20 


so  -%0         'SO  60 

StrokM  {Mr  mfarate.   8trek«,  IOjM  laebM. 

Fio.  84.— Varying-effldency  carres  of  8-inch  Van  Voorhte  pump,  showing  effect  of  yarying  lift 

and  speed. 

curves,  shown  in  fig.  33,  and  varying  for  each  lift,  give  the  results  for 
the  large  valves.  Fig.  34  shows  the  efficiencies  for  six  different  lifts, 
and  fig.  35  the  change  of  efficiency  with  increase  of  lift. 
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15  20  75  90  39  <0 

Hcif ht  of  lift.  In  fMi. 

:0. 36w— Variation  of  efficiency  with  yarylng  height  of  lift  of  Van  Voorhis  pomp  at  speed  ot 

15  strokes  per  minute. 


Discharge  of  Van  Voorhis  S-inch  pump  at  B-foot  lift;  stroke,  10,02  inches. 


Speed. 

Discharge 

in  20 

strokes 

Discharge 

in  20 
strokes. 

Plotted 

average; 

discharge 

per  stroke. 

Speed. 

Discharge 

in  20 
strokes. 

Discharge 

in  20 
strokes. 

Plotted 

average; 

discharge 

per  stroke 

Pounds. 
848.6 
844.6 
332 

815 
801 
296 
289 
281 
878 

Pounds. 
348.5 
846 
828 
315.5 
296 
294 
290 
291 

Pounds. 
17.65 
17.05 
16.50 
15.97 
15.42 
14.85 
14.30 
13.77 
13.66 

50 

Pounds. 
2X52 
249 
244 
227 
220 

221.5 

213 

215.5 

Pounds. 
269. 5 
253 
241.5 
235 
238 
219.6 
220 
215 
208.5 

Pounds. 
13.36 

66 

12.80 

60 

12.85 

66   

11.60 

68 

11.35 

70 

11.06 

1  75 

10.90 

1  80 

10.67 

,  85 

10.66 

1       

1 

Discharge  of  Van  Voorhis  8-4nch  pump  at  various  lifts  and  speeds. 


Speed. 

Discharge,  in  pounds,  for  20  strokes  for  lift: 

11.83  feet. 

16. 88  feet. 

27.12  feet. 

32.04  feet. 

37.21  feet. 

820.5 

818.5 

828 

825.6 

826.5 

822.6 

809.6 

806.5 

294 

801.5 

290 

290.5 

275.5 

270.6 

272.5 

267.6 

257.5 

249.5 

247.5 

239 

232.6 

223.5 

828 

332.5 

829.5 

828 

820.5 

821 

806.5 

810.5 

297 

801 

284.5 

286 

256 

276 

243 

261 

331 

382.5 

829.5 

326 

817.6 

315 

800 

300.6 

288.5 

286 

285 

284 

806 
306 

313 

317.5 

296 

302.5 

293 

290.5 

290 

282.5 

316.5 

815.5 

819 

318 

800 

309 

299 

296 

280.5 

268.5 
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Plotted  average  discharge  per  stroke. 


Speed. 

Discharge,  in  pounds,  per  stroke  for  lift: 

11.83  feet. 

16.83  feet. 

22  feet. 

27.12  feet. 

32.04  feet. 

37.21  feet 

10 •. 

15.976 

16.1 

16.05 

15.573 

15 

14.425 

13.85 

13.275 

12.7 

12.125 

11.55 

16.625 

16.45 

16 

15.425 

14.85 

14.3 

13.725 

13.175 

12.6 

12.05 

11.6 

16.662 

16.412 

15.887 

15.276 

14.676 

14.1 

13.487 

12.912 

12.3 

16.6 

16.375 

15.776 

15.125 

14.5 

13.9 

13.25 

12.65 

12 

15.65 

16.7 

15.2 

14.575 

14 

ia3& 

15.8 

15 

15.93 

20 

15.45 

26 

U.% 

80 

14.25 

85 

40 

46 

50 

56 

60 

«v    ...... ............ 

Figures  from  efficiency  tests  of  S-inch  Van  Voorhis  pump;  stroke,  JO. 02  inches. 

LIFT,  4.875  FEET. 


Speed. 

Dis- 
charge 

per 
stroke. 

Foo^ 
pounds 

of 
useful 
work. 

Average 

pull  on 

rod. 

Foot- 
pounds 

work 
given  to 

rod 

Mechan- 
ical effi- 
ciency. 

Maxi- 
mum 
tension 
on  the 
rod. 

Mini- 
mum 
tension 
on  the 
rod. 

Stroke 
finished 
at  clo- 
sure of 

the 
upper 
valre. 

Stroke 

finisbed 

at  clo- 

Bare  of 

the 
lower 
valre. 

• 

8 

Pounds. 
17.65 
17.66 
14.85 
14.30 
14.30 
12.80 
12.80 
12.80 
12.80 

86.04 
86.04 
72.39 
69.71 
69.71 
62.40 
62.40 
62.40 
62.40 

Pounds. 
130 
125.50 
140.95 

■    147.65 
151 

158.30 
l.!>6.66 
155.30 
157.70 

106.65 

104.79 

117.68 

123.28 

126 

132.18 

131.63 

129.67 

131.69 

Per  cent. 
79.20 
82.10 
62 
66 

55.30 
47.20 
47.40 
48.20 
47.30 

Pounds. 
235 

Pounds. 

-f  85 

Percent. 

Percent 

8 

85 

4 
5 
5 
11 
11 
11 
11 

IS 

40 

516 

+  20 

16 

40 

16 

64 

780 

-  50 

fl 

64 

21 

64 

21 

64 

675 

-35 

21 

LIFT,  6.166  FEET. 


16.. 
16.. 
17.. 
20-. 
23.. 
26-. 
29.. 
38.. 
36.. 
43.. 
43+ 
46.. 
43+ 
49.. 
64  . 
64.. 
58.. 
65.. 
72.. 
84.. 
86.. 
90.. 
100. 


17.05 

16.95 

16.85 

16.50 

16.20 

16.85 

15.50 

14.75 

14.75 

14 

13.90 

13.65 

13.90 

13.  a5 

12.80 

12.80 

12.35 

11.60 

11.05 

10.55 

10.50 

10.40 

10 

88.09 
87.57 
86.96 
85.25 
83.70 
81.89 
80.08 
76.20 
76.20 
72.33 
71.81 
70.62 
71.81 
68.97 
66.13 
66.13 
63.81 
60.93 
65.25 
64.61 
64.24 
53.73 
60 

154.30 

150.80 

148.65 

150 

146.70 

153.30 

150 

150 

151.30 

167.75 

147.66 

154.80 

147.66 

150 

153.30 

153.30 

164.04 

179.46 

194.32 

285.30 

236.16 

264.12 

283.  ?i 

138.84 

125.90 

124.12 

126.25 

121.66 

128 

125.25 

1&5.25 

126.33 

140.07 

123.28 

128.67 

123.28 

125.26 

128 

128 

136.80 

149.84 

162.25 

238.22 

188.64 

230.37 

236.90 

67.60 

69.55 

70 

68 

68.80 

63.97 

63.92 

60.80 

60.30 

51.60 

58.20 

64.80 

58.20 

65 

51.60 

61.60 

46.60 

40 

84 

22.80 

27.80 

24.70 

21.10 

283 
280 

40 
60 

.6 
.9 

2 

4 

4 

6 

6 

7 

5 

5 
10 
10 
12 
12 
17 
20 
21 
20 
22 

490 

0 

650 

0 

675 

L5 

660 

0 

876 

600 

1,200 

-72 

0 

75 

1.500 
1.200 
1,560 

-150 
-180 
-136 

VAN  V0ORHI8  PUMP. 
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»  from,  efflciency  tests  of  S-inch  Van  Voorhis  pump;  stroke,  10,02  inehes- 

Contintied. 

LIFT,  11.83  FEET. 


Speed. 


Pounds. 
15.975 
15.975 
16.1 
16.1 
16.05 
16.05 
15.575 
15 
15 

14.425 
14.425 
13.  &5 
13.85 
13.275 
13.275 

7 

7 
12.125 
12. 125 
11.55 
11.56 


12. 
12. 


Foot- 

Foot- 

pounds 

Average 

pounds 

Mechan- 

of 

pull  on 

of  work 

ical  effi- 

useful 

rod. 

given 

ciency. 

work. 

to  rod. 

Pounds. 

Percent. 

188.9 

281.1 

235.8 

80.5 

188.9 

281.1 

235.8 

80.5 

190.4 

276 

230.2 

82.7 

190.4 

269.9 

225.4 

84.5 

189.8 

274 

228.8 

82.9 

189.8 

27:J.7 

228.5 

83 

184.3 

272.5 

226.9 

81.2 

177.4 

272.4 

227.4 

78 

177.4 

266.2 

2S2.3 

79.8 

170.6 

264.6 

221 

77.2 

170.6 

266.9 

222.9 

76.5 

163.8 

272.2 

227.3 

72 

163.8 

266.9 

222.8 

73.5 

157 

274.5 

229.2 

68.5 

157 

288.4 

224.1 

70 

150.2 

268.1 

224.7 

66.8 

150.2 

285.4 

238.2 

63 

143.4 

308.9 

253.7 

56.5 

143.4 

303.9 

253.7 

66.5 

136.6 

306.5 

257.6 

63 

136.6 

303.2 

259.6 

52.6 

Maxi- 
mum 
tension 
on  rod. 


Pounds. 

417 

422 

427 

437 

475 

600 

625 

660 

720 

760 

780 

1,060 

805 

1,070 

1,015 

1.135 

1,265 

1.410 

1,380 

1,357 

1,432 


LIFT,  16.83  FEET. 


16.525 

16.525 

16.45 

16.45 

16 

16 

15.425 

15. 425 

14.85 

14.85 

14.3 

14.3 

13.725 

13.725 

13.725 

13.?^5 

13. 175 

13. 175 

12.6 

12.6 

12.05 

12.05 

11.5 

11.5 


278.1 

278.1 

276.8 

276.8 

260.3 

269.3 

250.6 

259.6 

249.9 

249.9 

240.6 

240.6 

231 

231 

231 

231 

221 

221 

212 

212 

202.8 

2r)2.8 

193.5 

m.  5 


7 
7 


395.8 

396.6 

394.7 

391.2 

386.6 

387.3 

383.8 

380 

375.8 

374.6 

374.2 

373.5 

370.4 

875.3 

372.3 

374.2 

391 

405.9 

404.8 

406.9 

404.7 

404.7 

426.4 

410.4 


330.5 
331.2 
329.6 
326.6 
822.8 
823.4 
820.5 
817.3 
313.4 
312.8 
312.5 
811.9 
809.3 
813.4 
310.9 
317.8 
326.5 
838.9 

3:» 

338.9 
837.9 
837.9 
856.1 
342.7 


,7 

.4 

2 


84.1 

83.9 

84.1 

84 

83 

83 

81 

81.8 

79.7 

79.9 

77 

77.1 

74.7 

73.7 

74.3 

72.7 

67.9 

65.4 

62.7 

62.5 

60 

60 

54.8 

56.4 


665 
665 
605 
590 
650 
650 
710 
710 
875 


940 
1,000 
1,090 
1,060 
1.070 
1,010 
1,224 
1,309 
1,245 
1,305 
1,372 
1.330 
1,515 
1,447 


LIFT,  22  FEET. 


16.663 

364.3 

16.562 

364.3 

16.412 

361 

16. 412 

361 

16.887 

349.5 

15.887 

349.5 

15.275 

836 

15.275 

836 

14.675 

322.8 

14.675 

822.8 

14.1 

810.2 

14.1 

810.2 

18.487 

296.7 

13.487 

296.7 

12.912 

284 

12.912 

284 

12.3 

270.6 

12.3 

270.6 

510.8 

426.5 

510.1 

425.9 

504.7 

421.4 

510.8 

42ri.5 

497.7 

415.6 

492.2 

411 

486.8 

406.5 

480.7 

401.4 

483.9 

404 

482.2 

402.7 

474.6 

896.3 

468.4 

391.2 

501  5 

418.8 

513.8 

429 

505.3 

421.9 

505.3 

421.9 

531.6 

443.9 

533.2 

445.8 

85.4 

85.5 

85.6 

84.6 

84.1 

85 

82.6 

83.7 

79.9 

80.1 

78.2 

79.3 

70.8 

60.1 

67.8 

67.3 

60.9 

60.7 


720 
715 
770 
740 
855 
890 
945 


1,065 
1,140 
1,215 
1,160 
1,380 
1,507 
1.402 
1,402 
1.687 
1.660 
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Figures  from  efficiency  tests  of  8'inch  Van  Voorhis  pump;  stroke  10.02  tncfces- 

Ck)ntinued. 

LIFT,  27.12  FEET. 


Speed. 


10 
10 
16 
16 
20 
20 
25 
25 
30 
80 
86 
86 


Dis- 
charge 

Foot 

Foot 

poaDds 

Average 

pounds 

Mechan- 

of 

pull  on 

of  work 

ical  effi- 

per 
stroke. 

usefnl 
work. 

rod. 

given 
to  rod. 

ciency. 

Pounds. 

Pounda. 

Per  cent. 

16.6 

460.2 

646.3 

639.7 

83.4 

16.6 

460.2 

646.5 

639.8 

83.4 

16.376 

444.1 

642.5 

636.6 

82.7 

16.875 

444.1 

640.9 

635.1 

83 

16.775 

427.8 

^.7 
638.2 

630 

80.7 

15.776 

427.8 

632.9 

80.2 

15.126 

410.2 

617.3 

515.4 

79.5 

15.125 

410.2 

619.9 

617.7 

79.2 

14.5 

883.2 

610.9 

617.7 

76.96 

14.5 

303.2 

615.7 

614.1 

76.4 

13.9 

367 

611.5 

610.6 

71.8 

13.9 

367 

600 

601 

73.2 

Haxi- 

mnm 

teiudoo 

on  rod. 


POHndk 
8S 
«D 
M» 

Loe? 

1.0S 
l.»7 

1,170 
1.3K 

1,» 

1,50D 
1.4C 


LIFT,  82.04  FEET. 


10 

15.65 

15.55 

15.7 

15.7 

15.2 

15.2 

14.576 

14.575 

14 

14 

13.35 

13.35 

496.2 
488.2 
606 

606 

487 

487 

467 

467 

448.5 

448.5 

427.7 

427.7 

760.4 

760.4 

763.5 

746.5 

734.9 

721 

725.6 

718.9 

724.5 

712.1 

706.2 

696.3 

634.9 

634.9 

629.2 

623.3 

613.6 

602 

606.9 

600.2 

004.9 

604.5 

680.6 

681.4 

78.4 

78.4 

79.9 

80.7 

79.3 

80.9 

77 

77.8 

74.1 

76.4 

72.6 

73.5 

LOST 

10 

1.08) 

15 

1.1S 

15 

1,110 

20 

1,98 

20 

1.360 

26 

1.S0 

25 

1.440 

80 

l,4a» 

30 

1,«T 

85 

1,507 

35 

1.507 

LIFT,  87.21  FEET. 


10 

15.8 

16.8 

15.925 

16.926 

15.45 

15.45 

14.85 

14.85 

14.25 

14.25 

687.9 
687.9 
692.5 
602.5 
674.0 
574.9 
662.6 
562.5 
630.2 
530.2 

868 

866.7 

867.2 

864.5 

867.3 

860.1 

845.5 

847.8 

825.7 

828.1 

724.8 
722.8 
724.1 
721.8 
715.9 
717.8 
704.6 
707.9 
689.6 
687.8 

81.1 

81.8 

81.8 

82 

80.8 

80.1 

78.2 

78 

76.9 

77.1 

i,in 

10 

1,17T 

16 

1.1ft 

16 

1,1ft 

20 

Lift 

20 

1,» 

25 

1,3» 

25 

lan 

80 

i.an 

30 

1,380 

COOK  PUMP. 

The  Cook  cylinder,  made  by  the  Cook  Well  Company,  of  St.  Louis, 
Missouri,  has  been  developed  especially  for  deep- well  pumping,  and 
the  4-inch  size  is  shown  in  fig.  36.  The  design  admits  of  the  with- 
drawal of  both  the  piston  and  the  suction-valve  device  for  inspection 
or  repair.  The  actual  diameter  is  3.75  inches.  Though  furnished 
with  double  packing  leathers  and  having  a  valve  area  of  21  x>er  cent 
of  the  cylinder  area,  its  efficiency  in  deep  wells  is  notable.  Both  valves 
are  rubber  disks,  guided  by  a  central  stem.  The  cylinder  is  brass 
lined  and  highly  polished,  and  friction  is  thus  greatly  reduced.  How- 
ever, on  account  of  the  high  pressures  with  which  this  pump  deals, 
double  cup  leathers  for  packing  are  required,  by  which,  on  the  other 
hand,  friction  is  increased.    Built  especially  for  high  lifts,  it  is  not  to 
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ixpected  that  it  will  develop  a  high  efficiency  at  the  low  llfte 
'^ailiQg  in  irrigation  work, 

I  testing  thia  pump  it  was  first  operated  in  an  open  well  with  a 
■foot  lift.     The  efficiency  varied  from  about  78  to  58  per  cent  at 


Pio.  St.— Tertlckl  •ecUon  of  Oook  cyUndw. 


Is  of  12  to  40  2-foot  Btrokea  per  minute.  The  pump  was  then 
ided  with  a  stuffing  box,  carefully  made  and  packed,  and  was 
)  to  deliver  water  against  an  air  pressure  equivalent  to  the 
iouB  total  lift  of  34.8  feet. 
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The  mean  pull  on  the  pump  rod  was  found  to  be  increased  about 
30  pounds  by  the  friction  in  the  stuffing  box,  and  the  efficiency,  in 
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Fig.  37.— Discharge  curye  for  4-inch  Cook  deep- well  pump. 

consequence,  lowered  from  the  78  to  58  per  cent  of  the  previous  test 
to  67  to  53  per  cent.     At  the  higher  lifts  tried  the  same  method  was 
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PiQ.  38.— Varying-ei&cleiicy  curyea  of  4-inch  Cook  pump,  shoeing  effect  of  vary  tog  lift  and  speed. 

followed,  and  the  efficiency,  at  an  82.5-foot  lift  and  at  speeds  ranging 
from  15  to  35  strokes  per  minute,  was  found  to  range  from  81  to  72 
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mt.  Allowing  for  the  increase  of  friction  resulting  from  the 
on  of  a  stuffing  box,  the  efficiency  of  the  pump  in  an  open  well 
b  the  same  depth  would  probably  be  85  to  77  per  cent.  Fig.  37 
the  discharge  curve,  and  fig.  38  the  efficiency  curves,  at  differ- 
'ts,  for  this  pump,  fitted  with,  the  packed  stuffing  box  and  rod. 

are  exhibited  a  quick  action  of  the  valves,  a  remarkably  low 
aum  stress,  and  slight  compression  in  the  pump  rod  at  speeds 

20  strokes  per  minute. 

re  is  here  seen  to  be  marked  advantage  in  the  special  adaptation 

ts  to  special  conditions. 

Discharge  of  4'inch  Cook  pump;  stroke,  24  inches. 


Speed. 


Experi- 
mental 

dis- 
charge 
per  60 
strokes. 


Plotted 
average 

dis- 
charge 

per 
stroke. 


Pounds. 
466 

464 

Pounds. 
9.3 

467 

460 

471 

9.38 

468 

468 

468 
461 

9.32 

467 

Speed. 


20 
25 
25 
30 
30 
35 
35 
40 
40 


Experi- 
mental 

dis- 
charge 
per  oO 
strokes. 


Pounds. 
465 
457 
460 
460 
460 
4oS 
456 
45(} 
460 


Plotted 
average 

dis- 
charge 

per 
stroke. 


Pounds. 


9.2 

'9.' is 


9.16 
■9.14 


Figures  from,  efficiency  tests  of  4-inch  Cook  pump;  stroke,  24  inches, 

LIFT,  84.8  FEET;  OPEN  WELL. 


opeeu. 


Dis- 
charge 

per 
stroke. 

Foot- 
pounds 
of  useful 

work. 

Average 

pull 
on  rod. 

Foot- 
pounds 
of  work 
given  to 

rod. 

Mechan- 
ical 

efficien- 
cy. 

Pounds. 

Pounds. 

Per  cen  t. 

9.3 

323.6 

207.6 

415.6 

77.8 

9.3 

323.6 

213.9 

428.1 

75.6 

9.38 

328.4 

205.3 

410.9 

79.4 

9.38 

326.4 

203.9 

408.2 

79.9 

9.32 

324.3 

215.9 

432.1 

75 

9.32 

324.3 

212.5 

425.4 

76.2 

9.2 

320.1 

225.6 

451.6 

70.8 

9.2 

320.1 

225.6 

451.6 

70.8 

9.18 

319.5 

246.3 

493 

64.8 

9.18 

319.5 

243.1 

486.6 

66.6 

9.16 

318. 8 

257.  B 

515.6 

61.8 

9.16 

318.8 

253. 4 

507.3 

62.8 

9.14 

318.1 

2rj 

546.4 

58.2 

9.14 

318.1 

270.1 

540.7 

58.8 

Maxi- 
mum 
pull  on 
rod. 


Pounds. 
280 
285 
315 
305 
860 
336 
885 
410 
510 
625 
575 
635 
660 
650 


LIFT,  34.8  FEET,  USING  STUFFING  BOX. 

9.3 

9.3 

9.38 

9.38 

9.82 

9.33 

9.2 

9.2 

9.18 

9.18 

9.16 

9.16 

323.6 
323.6 
326.4 
326.4 
324.3 

324.3 
320.1 
320.1 
319.5 
319.5 
318.8 
318.8 

243.1 

2:i2.7 

251.4 

251.4 

264.5 

260.4 

250 

259.1 

266.7 

279.2 

297.2 

300 

486.5 

465.7 

5(J8.2 

603.2 

529 

521.3 

500.4 

518.6 

53;i8 

558.8 

594.9 

600.4 

66.5 
69.5 
64.8 
64.8 
61.2 
62.2 
63.9 
61.7 
59.8 
67.1 
53.5 
53 

316 

310 

860 

875 

400 

415 

420 

435 

565 

560 

650 

675 
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Figures  from  efficiency  tests  of  4' inch  Cook  pump;  stroke,  24  inches — Con  tinned. 

LIFT,  48  FEET,  USING  STUFFING  BOX. 


opocci. 


12 
12 
15 
15 
20 
20 
25 
25 
30 
30 
35 
85 


Dia 
charge 

per 
Btroke. 


Pounds. 
9.3 
9.3 
9.88 
9.38 
9.32 
9.33 
9.2 
9.2 
9.18 
9.18 
9.16 
9.16 


Foot 

pounds 

of  useful 

work. 


446.4 
446.4 
450.2 
450.2 
447.4 
447.4 
441.6 
441.6 
440.6 
440.6 
439.7 
439.7 


Avenure 

pull 
on  rod. 


1 
4 


Pounds. 
284.8 
288. 
295. 
298.6 
302.2 
309.2 
327.8 
304.9 
322. 
316. 
325. 
331. 


7 
2 
7 
9 


Foot 
pounds 
of  work 
given  to 

rod. 


670.1 

576.7 

501.2 

607.7 

605 

618  9 

655. 

610. 

645. 

632.8 

651.9 

664.4 


1 
2 
9 


Mechan- 
ical 

efficien- 
cy. 


Percent, 
78.3 
T7.4 
76.1 
75.3 
73.9 
72.3 
67.4 
72.8 
68.2 
60.6 
67.4 
66.1 


Ifazi- 

mum 

pnlloQ 

rod. 


37.1 

4ld 
400 
450 
515 
4B0 
56B 
543 
640 
655 


LIFT,  71  FEET,  USING  STUFFING  BOX. 

16 

15 

9.38 

9.38 

9.32 

9.32 

9.2 

9.2 

9.18 

9.18 

666 

666 

661.7 

661.7 

653.2 

653.2 

651.8 

651.8 

416.6 

389.8 

433.9 

421.4 

431.3 

428.1 

429 

454.7 

834 

779.2 
868.4 
843.4 
863.2 
866.8 
858.6 
910.2 

79.8 
86.4 
76.2 
78.4 
75.6 
78.2 
75.9 
71.6 

S66 

620 

20 

5% 

20 

585 

25 

qSw 

25 

(BC 

30 . 

750 

80 

765 

LIFT,  82.5  FEET,  USING  STUFFING  BOX. 

16 

9.38 

9.38 

9.32 

9.32 

9.2 

9.2 

9.18 

9.18 

9.16 

9.16 

773.9 

773.9 

705 

705 

759 

750 

757.3 

757.3 

755.7 

755.7 

475 

488.2 

478.5 

485.3 

489.6 

488.9 

609.7 

518.7 

529.2 

523.7 

050.7 

9n.i 

967.7 

971.5 

980 

978.5 
1.020 
1,038 
1,060 
1,048 

81.4 
79.2 
80.3 
79.1 

n.4 

77.5 

74.2 
72.9 
71.3 
72.1 

fiOO 

15 

690 

20 

7D6 

20 

TOO 

25 

7B0 

26 

825 

30 

830 

30 

840 

85 

815 

36 

1,000 

SUMMARY. 

To  pump  large  quantities  of  water  with  small  power  economically, 
it  is  necessary  that  the  pump  speed  be  slow,  preferably  below  20 
strokes  per  minute;  that  the  pump  itself  be  large  and  of  long  stroke, 
and  that  the  valve  area  be  at  least  30  per  cent  of  the  cylinder  cross- 
section  area. 

For  the  more  rapid-running  pumps  the  valve  area  should  be  stDl 
larger. 

The  efficiency  of  pumps  rightly  called  good  pumps  may  vary  from 
20  to  85  per  cent,  depending  on  the  lift  and  the  piston  speed. 

A  fall  of  25  per  cent  in  the  efficiency  of  a  pump  in  the  usual  range 
of  windmill  speed  is  not  uncommon. 

A  pump  having  a  variation  of  only  5  per  cent  is  possible. 

For  wells  about  20  feet  deep  there  is  no  need  for  using  a  pump  of 
less  than  75  per  cent  efficiency  for  average  speeds. 

Two  pumps  may  compare  very  favorably  at  a  certain  lift,  and  much 
less  favorably  at  some  other  lift  not  greatly  different. 
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A  pump  having  an  efficiency  of  over  80  per  cent  at  piston  speeds  up 
to  100  feet  per  minute  is  possible  at  a  20-foot  lift. 

Some  pumps  can  be  run  at  a  piston  speed  of  180  feet  per  minute 
and  maintain  an  efficiency  above  70  per  cent  for  lifts  above  20  feet. 

A  pump  with  very  large  clack  valves,  on  a  very  low  lift,  may  give 
an  efficiency  from  80  per  cent  at  slow  speed  to  50  per  cent  at  a  piston 
speed  of  80  feet  per  minute. 

Pumps  at  slow  speed  and  at  high  speed  alike  discharge  a  little  less 
water  per  stroke  than  at  medium  speed — perhaps  from  1  to  2  per 
cent. 

A  pump  with  small  delivery  pipe  may  at  high  sx)eed  deliver  a  con- 
siderably larger  amount  of  water  than  that  computed  from  the  cylin- 
der capacity. 

With  pumps  having  an  ample  supply  of  water  the  speed  may  be 
limited  by  failure  of  the  lower  valve  if  its  movement  is  not  limited. 

Valves  of  limited  movement  are  preferable  for  fast  speeds. 

The  addition  of  a  stuffing  box  to  any  form  of  pump  may  seriously 
reduce  the  efficiency. 

The  initial  stress  on  the  upstroke  at  the  higher  speeds  is  the 
destructive  element  in  windmill  operation..  The  use  of  a  device  for 
reducing  this  stress  is  well  worth  consideration.  At  piston  speeds  of 
only  70  feet  per  minute  this  sudden  jerk  may  be  equivalent  to  two  or 
three  times  the  weight  of  the  column  of  water  lifted. 

A  method  of  pump  testing  is  possible  which  would  determine  the 
behavior  of  valves  and  give  the  measure  of  the  resistances  at  various 
stages  of  the  stroke  in  such  manner  as  to  admit  of  quantitative  state- 
ment. 

RESISTANCE    TO    ROTATION    OFFERED    BY   VARIOUS    CRANK- 
DRIVEN  PUMPS. 

The  resistance  offered  to  any  driving  mechanism  by  a  single-cylin- 
der pump  varies  greatly  at  different  stages  of  the  pump  stroke.  If 
connection  with  the  pump  be  through  the  usual  crank,  the  resistance 
offered  by  the  crank  will  be  slight  at  each  dead  center.  Piston  and 
rod,  if  of  sufficient  weight,  will  afford  some  motive  power  on  the  down- 
stroke.  The  useful  work  is  done  during  the  upstroke,  and  the  larger 
portion  of  it  during  the  first  part  of  the  upstroke,  excepting  when  the 
speed  is  very  slow.  In  fig.  39  horizontal  distances  represent  posi- 
tions of  the  crank  in  its  circular  course  during  a  single  revolution. 
The  position  in  each  case  is  located  from  the  lower  dead  center  as  an 
initial  jwint.  The  heights  of  the  vertical  lines  represent  the  resisting 
moment  at  that  point.  Neglecting  the  effect  of  angularity  of  the  con- 
necting rod,  the  smooth  sinusoidal  curve  represents  the  resistances  to 
turning,  assuming  the  load  to  be  uniform  on  the  upstroke  and  to  be 
diminished  to  about  one-eighth  on  the  downstroke.  This  diminished 
load  is  the  weight  of  the  piston,  rod,  etc.  The  shaded  area  above 
IBR14 6 
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the  zero  line  represents  the  work  done  in  raising  the  piaton,  rod,  and 
water;  and  that  below  the  line,  from  180°  to  360°,  represents  the  work 
retnmed  by  the  falling  piston  and  rod  on  the  downstrohe.  The  oat- 
side  line  and  the  heavier-shaded  portion  show  the  aotnal  resisting 
moments,  as  computed  from  the  diagram,  fig.  40,  from  the  work  of 
an  8-inch  pump  at  a  lift  of  32  feet  and  a  speed  of  25  strokes  per  min- 
nte.     The  additional  work  required  for  acceleration  of  the  water,  etc., 
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rotation  of  crsnk  drlrluft  a  sinftle-crUiider  lift  pump. 


is  shown  by  the  heavier-shaded  area.  This  great  variation  in  the  tnin- 
ing  resistance  renders  It  impossible,  without  considerable  loss  of  effi- 
ciency, eifectively  to  use  certain  forms  of  motors. 

If  a  horse  be  nsed  to  operate  a  pnmp  of  this  kind,  by  means  of  h 
sweep  or  other  saitable  turning  device,  during  a  stroke  of  the  pnmp, 
he  will  meet  with  resistances  such  as  shown  by  the  vertical  hnes  in 
fig,  39.    The  pump  must  not  be  so  large  that  the  maximum  moment 


can  not  be  reached  and  overcome  at  a  point  somewhere  between  50° 
and  90°  of  the  revolution.  Even  then,  for  at  least  half  the  time,  the 
horse  will  be  doing  no  work  at  all,  and  for  60  per  cent  of  thetirae  he 
will  be  loaded  below  the  average.  The  line  AB  gives  the  average 
resistance.  Furthermore,  it  appears  that  the  maximum  load  reaches  to 
more  than  three  and  one-half  times  that  of  the  average  load.  This 
fault  may  be  remedied  in  part  by  the  use  of  a  fly  wheel  of  moderate 
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weight.  The  unevenness  of  loadiog  will  contiaue  to  be  so  consider- 
able, however,  as  to  render  the  work  of  the  horse  laborious;  whereas 
with  equalized  load  he  could  do  even  a  larger  amount  of  work  with 
comparative  ease.  A  windmill  encounters  the  same  difficulty,  as  may 
be  seen  from  the  ineffectual  efforts  it  makes  in  light  winds  to  pass 
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this  point  of  maximum  load.  It  becomes  apparent,  too,  that  if  the 
load  were  evenly  distributed  the  mill  would  find  the  light  wind  power 
sufficient  for  light  running.  By  the  use  of  a  counterweight  a  partial 
distribntion  at  least  can  be  effected. 

A  modification  of  the  horse-power  sweep  sometimes  to  be  seen  is 
a  wooden  spring  bar  so  attached  as  to  offer  a  spring  resistance  during 
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the  light-pall  interval  and  to  assist  correspondingly  on  the  heavy 
pull.  It  ha«  decided  merit.  As  applied  to  the  pump  rod  of  a  wind- 
mill the  modification  might  take  the  form  of  a  weight  encircling  tbe 
rod  and  given  a  direction  of  motion  opposite  to  that  of  the  rod  by 
means  of  pulleys,  as  shown  in  Hg.  41.  This  device  should  be  attached 
to  back-geared  mills  only,  and  should  have  its  range  of  action  fixed 
so  high  in  the  tower  as  to  leave  the  pump  rod  free  to  act  in  compr«s- 
sioQ  without  bending.  The  counterweight  should  equal  one-half  that 
of  the  load  on  the  piston  and  should  range  aa  low  in  the  tower  as 
practicable. 
Differential  pumps  equalize  the  work  between  the  upstroke  and 
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the  downstroke  by  employing  a  very  large  piston  rod.  If  the  croes- 
section  area  of  the  piston  rod  be  one-half  that  of  the  cylinder,  one- 
half  of  the  cylinder  capacity  will  be  dischai^^  on  the  upstroke  and 
the  remaining  half  by  displacement  on  the  downstroke.  Work  is 
thus  equalized  between  the  upstroke  and  the  downstroke.  Since, 
however,  the  work  required  on  the  downstroke,  which  has  now  become 
in  fact  a  down  thrust,  necessitates  the  use  of  stiff  rods  in  order  t« 
avoid  compressive  bending,  there  is  disadvantage  in  the  practice 
where  long  rods  are  required,  as  in  deep  wells  or  for  windmills  with 


Fia.  13.— EHognuD 


high  towers.  For  such  long  thrust  rods  guides  must  be  provided  at 
frequent  intervals  to  preserve  the  alignment  and  insure  direct  action, 
and  frictional  resistance  is  thus  introduced. 

Again,  there  will  be  enlargement  of  the  pump  rod  for  a  short  dis- 
tance only  at  the  water  surface  in  the  discharge  pipe.  This  enlarge- 
ment is  partially  withdrawn  from  the  water  on  the  upstroke,  thereby 
vacating  a  space  to  be  filled  and  thus  reducing  the  discharge,  and  it 
is  lowered  into  the  water  on  the  downstroke,  thereby  forcing  upward 
an  equal  volume  of  water  by  displacement  and  thus  compensating 
for  the  previous  loss.    Yet  it  does  not  effect  an  equalization  of  work 
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between  the  two  Btrokes.  The  full  cylinder  capacity  is  lifted  on  the 
upstroke  nearly  to  the  full  height  of  the  discharge,  and  on  the  down- 
stroke  but  half  of  this  ia  displaced  from  the  height  of  the  dischai^e 
opening,  requiring  little  work  on  the  dowustroke.  It  is  evidently  a 
mistake  to  regard  this  device  as  an  equalizer  of  work.  The  enlarge- 
ment, to  be  fully  effective,  should  continue  down  to  the  piston. 

Compound  pumps  having  four  valves  and  discharging  on  both  the 
upstroke  and  the  downstroke,  or  two  cylinder  pumps  in  which  one 
cylinder  makes  an  upstroke  during  the  downstroke  of  the  other,  would 
produce  a  resistance  diagram  such  as  shown  in  fig.  42.     This  digram 


Pio.  **.— Gould  tiiplei  power  pump. 


represents  the  crank  resistance  of  a  pump  dischai^ing  the  same  quan- 
tity of  water  per  revolution  of  the  crank  as  the  pump  represented  in 
fig.  39  (p.  66).  The  curve  below  the  zero  line  exhibits  the  effect  of  the 
weight  of  piston  and  rod,  and  the  curve  above  the  resistance  due  to 
lifting  piston,  rod,  and  water.  The  shaded  portions  sliow  tlie  resist- 
ances at  each  point  in  the  revolution,  the  piston  weights  balancing 
each  other.  In  this  double-cylinder  foi'm  the  maximum  resistance  is 
about  1.6  times  the  average  resistance,  as  against  3^  times  with  the 
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single-cylinder  form.  At  two  points  in  each  rotation  the  resistance 
will  be  zero,  bnt  it  does  not  fall  below  zero,  as  with  the  single-cylin- 
der form.  A  pnmp  of  this  kind  can  be  more  easily  driven  by  horse 
power  than  one  with  a  single  cylinder,  but  it  is,  on  the  other  hand, 


Fio.  15.— Ooald  triptez  pump  uid  horeepower  oomblued. 

too  irregnlar  in  action  to  admit  of  any  conaiderable  speed.  Witb  i 
single  large  cylinder  counterweighed  as  above  describe  the  resist- 
ances are  as  shown  in  fig.  42  (p.  68)  and  the  efficiency  is  greater  than 
with  two  small  cylinders. 

Fig.  43  (p.  68)  shows  the   resistances   in   a  three-cylinder  pninp 
arranged  to  discharge  the  same  quantity  per  revolution  as  did  the 


■Discharge  of  Qonld  t-ioeh  by  B-inch  triplai  pnmp. 


two-eylinder  and  the  one-cylinder  forms.  The  three  pistons  are 
driven  from  three  crank  elbows  in  the  shaft  set  at  130°  each  to 
each,  as  shown  in  flg.  44  (p.  69).     The  resistance  offered  by  this 
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device  is  very  uniform,  as  appears  from  the  shaded  portion  of 
the  diagram.  The  maximum  resistance  is  but  6  per  cent  above 
the  average  resistance,  and  a  moderate  fly  wheel  renders  the  motion 
entirely  steady. 

Such  pumps  admit  of  the  best  use  of  any  constant  power,  as  that  of 
a  horse  or  a  small  engine.  In  Gould's  triplex  pump  (fig.  44),  a  horse 
will  encounter  a  nearly  uniform  resistance  and  can  work  to  the  best 
advantage.     A  4  by  8  inch  pump  of  this  make  was  tested  by  the 


SOfiO        708090        lOOHOOOMOMOlSOieOITOiaO 
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Fia.  47.— Varying-efflciency  caryea  of  Gould  triplex  pump,  showing  effect  of  varying  speed,  and 

at  two  different  lifts. 

author  at  three  different  lifts.  The  crank  shaft  is  arranged  to  be  run 
by  a  pulley  belted  from  any  source  of  power,  or  by  means  of  the 
encircling  internal  master  wheel  and  the  vertical  shaft  carrying 
bevel  gears,  as  in  fig.  45,  and  operated  by  means  of  a  horse  attached 
to  a  sweep  on  the  master  wheel.  The  very  uniform  resistance  of  this 
kind  of  pump,  as  shown  by  the  diagram,  fig.  48,  which  represents  the 
belt  pull  or  resistance  while  at  work,  has  opened  a  large  field  for  it 

/?/  Re\/olutions  of  Triplex  Pump 

h "♦ 


speed  44- per  minute 

Pio.  48.— Dynamometer  diagram  showing  uniformity  of  resistance  afforded  by  triplex  pump. 

in  connection  with  various  motors.  While  not  so  efl&cient  as  a  single- 
cylinder  pump  of  equal  capacity,  yet  it  applies  energy  so  effectively 
as  to  render  it  the  more  advantageous  form  for  many  uses.  The 
efl&ciency  of  the  one  tested  is  seen  to  be  about  60  .per  cent — ^not 
greater  than  that  of  many  homemade  water  lifts.  Its  durability  and 
compactness,  however,  entitle  it  to  very  favorable  consideration  in 
comparison  with  any  such  homemade  device. 
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Discharges  of  Ch>tM  triplex  pump, 

LIFT,  19l75  FEET. 


Speed,  In  reyoln- 
tions  per  minute. 


ao 
ao 

9B 
47 
SSi 
66 
57 
60 
66 
70 
74 


Dis- 
charge 
per  min- 
ute by 
experi- 
ment. 


PoundB. 
331 
8S1 
868 
476 
689 
681 
644 
6S8 
672 
7» 
771 


Average 

dls- 
charffo 
per  min- 
ute by 

dis- 
charge 
curve. 


PountU. 
806 

aoB 

373 
490 
642 

688 
606 
626 
078 
780 
772 


Average 

dis- 
charge 

per  revo 
lution. 


PountU. 
10.2 
10.2 
10.8 
10.4 
10.4 
10.4 
10.4 
10.4 
10.4 
10.4 
10.4 


Speed,  in  revolu- 
tions per  minute. 


75... 
79... 
«... 
90... 
90... 

m.. 

114.. 
114.. 
133.. 
166.. 
166.8 


Dis- 
charge 
per  min- 
ute by 
expen- 
ment. 


Pounds, 

784 

816 

876 

947 

1,086 

1,176 

1,206 

1,213 

1,390 

1,630 

1.720 


Average 

dis- 
charge 
pernun- 
nte  by 

dis- 
charge 
curve. 


Pounds. 

783 

835 

867 

941 

1,085 

1,161 

1,192 

1,102 

1,390 

1.631 

1,745 


AvemfB 

dis- 
charge 

per  revo 
lution. 


Pound*. 

10.4 

lai 
lai 

10.4 
10.4 
10.4 
10.4 

ia4 

10.4 

ia4 

1&4 


LIFT,  38.55  FEET. 


40 

416 

482 

827 

416 
468 
808 

10.4 
10.4 
10.4 

84 

806 
964 

863 
041 

10.4 

45 

90 

ia4 
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Figures  from  efficiency  test  of  Gould  triplex  pump  4  by  8  inches. 

LIFT,  19.75  FEET. 


Speed,  in  revolutions  per  minute. 


Discharge 
per  min- 
ute. 


25.9. 
27... 
29.5. 
82.8. 
40.5. 
43.8. 
48.8. 
46.9. 
48... 
49.6. 
61.8. 
68.2. 
66.8. 
60.6. 
68.2. 
73.2. 
76... 
78.2. 
79.2. 
81.1. 
86.7. 
06.8. 
96.3. 
100.. 
100.. 
101.. 
106.8 
120.. 
125.. 
157.9 
171.4 
171.4 


Pounds. 

265 

276 

803 

338 

420 

455 

455 

487 

600 

615 

540 

607 

612 

630 

712 

764 

794 

815 

825 

848 

895 

907 

1,026 

1,047 

1,047 

1.066 

1,100 

1,255 

1,306 

1,660 

1,790 

1,790 


Foot- 
pounds of 

useful 
work  per 
minute. 


5,234 

5,451 

5,984 

6,675 

8,206 

8,986 

8,966 

9,618 

9,875 

10,171 

10,665 

11,068 

12,087 

12,620 

14,062 

15.086 

15,681 

16,096 

16,292 

16,748 

17,666 

19,690 

20,263 

20,678 

20,678 

20,836 

21,725 

24.786 

25,773 

82,687 

85,362 

»,9» 


Foot- 
pounds of 
work  given 
to  pump 

per 
minute. 


Mechani- 
cal effl- 
dency. 


9.715 
10,370 
11,420 
13.283 
16.008 
17.569 
16,588 
17,213 
19,406 
18,133 
80,260 
22,410 
21,952 
22,771 
26,391 
30,830 
29,063 
28,800 
83,309 
82,072 
35,743 
37,750 
39,710 
40.175 
40,413 
89.430 
42,409 
61.698 
66,202 
78,190 
86,142 
87,967 


Ptr  cfaf. 
53.8 
fits 
52.3 

sas 

6L8 

51.1 

5il 

55.8 

60.9 

6&1 

516 

5a5 

55 

55.4 

S&S 

48.7 

53.9 

54 

48.9 

SB.2 

51.8 

82.1 

51 

51.4 

51.1 

IB.8 

51.2 

47.9 

4A.7 

4L< 

41 

4a2 
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Figures  from  efficiency  test  of  Oould  triplex  pump  4  by  8  tncA€8— Continued. 

LIFT.  88.55  FEET. 


Speed,  in  revolutions  per  minute. 

Discharge 
per  min- 
ute. 

Foot- 
iwunds  of 

useful 
work  per 
minute. 

Foot- 
pounds of 
work  given 
to  pump 

per 
minute. 

Mechani- 
cal effi- 
ciency. 

PoundM, 
438 
466 
530 
600 
618 
640 
676 
870 
960 
966 
966 
1.120 

16,923 
17,925 
20,431 
23,180 
28,824 
24,672 
26,022 
83,538 
86,622 
87,201 
87,201 
43,176 

25.801 
27,167 
81,765 
86,144 
87,177 
38.027 
41.058 
62.978 
67,212 
68.617 
60,066 
69,324 

Per  cent. 
66.6 

66.9 

64.8 

' 

66.8 

. 

64 

68.2 

68.3 

68.3 

64 

63.6 

61.9 

1 

62.2 

VARIOUS  WATER  LIFTS. 

On  the  Western  plains  devices  for  raising  water  other  than  the 
eiprocating  pumps  are  not  common.  The  centrifugal  pump,  which, 
driven  at  a  high  and  uniform  speed,  has  an  efficiency  of  about  66 
r  cent  at  a  lift  of  about  16  feet,  has  its  field  limited  to  tracts  where 
iter  is  to  be  found  at  comparatively  shallow  depths  and  to  applica- 
ms  where  motive  power  giving  uniform  and  high  speed  may  be 
onomically  employed.  It  is  not  well  adapted  to  horse  or  windmill 
•wer. 

Early  forms  of  water  lifts  are  mentioned  and  illustrated  by  Weis- 
^h.  While  these  are  of  interest,  they  are  not  likely  to  be  used  by 
merican  farmers,  who  are  impatient  of  slow  and  laborious  methods, 
le  following  statements  are  abstracted  from  Mechanics  of  Pump- 
g  Machinery,  by  Weisbach  and  Hermann : 

Men,  bailing  with  buckets  holding  about  one-third  of  a  cubic  foot 
ch,  can  lift  15  buckets  per  minute,  3  to  4  feet  high,  for  a  length  of 
ne«daily  equivalent  to.six  hours  of  steady  labor.  This  amounts  to 
K)ut  390,000  foot-pounds  per  day,  or  a  quantity  of  water  sufficient 
cover  an  acre  one-half  inch  deep.  With  deeper  wells  the  sweep  or 
lighted  lever  will  yield  about  the  same  result  in  foot-pounds  daily 
r  man.  At  a  crank  handle  an  ordinary  laborer  can  exert  a  force  of 
pounds  in  steady  work,  or  can  labor  steadily  at  a  rate  of  approxi- 
itely  3,300  foot-pounds  per  minute.  This  is  about  the  best  manner 
employing  human  labor.  From  a  10-foot  well  a  man  with  a  winch 
d  bucket,  properly  proportioned,  can  cover  an  acre  with  one-half 
eh  of  water  in  a  day.  Approximately  the  same  can  be  done  with  a 
nd  pump  suitably  proportioned  to  the  lift.  The  Dutch  scoop,  which 
Qsists  of  a  long-handled  scoop  shovel  suspended  from  an  overhead 
pport  by  a  rope  and  swung  by  three  men,  will  lift  water  3i  feet  and 
row  it  &i  feet  horizontally.     One  man  working  thus  alone  can  do 
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about  as  much  work  as  by  the  bailing  method,  but  three  men  working 
together  on  a  single  scoop  will  do  more  than  five  men  bailing  sepa- 
ratelj''. 

BUCKET  LIFTS. 

A  very  old  device  for  raising  water  consists  of  a  vertical  rope  or  chain 
carrying  buckets,  the  chain  running  on  a  power-driven  sprocket  wheel 
at  the  top  and  maintained  in  proper  x>osition  by  a  loose  sprocket  sus- 
pended in  its  lower  loop.  The  modern  development  of  the  sprocket 
wheel  and  of  the  cast-link  belt,  in  which  links  may  be  had  specially 
adapted  to  receive  sheet-metal  buckets,  has  brought  the  bucket  lift 


Fig.  49.— Vertical  section  of  backet  of  water  elevator. 

into  renewed  use.  A  modem  form  is  shown  in  PI.  I,  A.  (See  alfio 
fig.  49.)  Its  great  advantages  are  uniformity  of  resistance  and  steady 
delivery.  Its  disadvantages  are:  large  size  for  a  given  capacity) 
necessity  imposed  for  using  a  large  well,  and  difficulty  in  securing 
a  perfect  delivery.  The  buckets  must  be  so  made  that  in  dipping 
into  the  water  air  will  not  be  entrapped,  and  so  that  when  delivering 
air  may  again  readily  enter.  It  has  so  far  not  been  found  .practicable 
entirely  to  prevent  loss  from  spilling  of  a  portion  of  the  water  lifted. 
Furthermore,  for  emptying,  the  lift  has  to  exceed  somewhat  the  height 
of  the  discharge  point.  -  From  these  two  inherent  defects  results  * 
noticeable  failure  in  efficiency. 

SEAMAN  BUCKET  LIFT. 

A    lift    designed    for   irrigation   work,   and   made  by  Seaman  4 
Schuske,  of  St.  Joseph,  Missouri,  was  tested,  and  the  result  appears 
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in  fig,  50.  This  device  consists  of  a  series  of  galvanized-iron  buckets, 
riveted  to  lugs  carried  on  a  common  link  belt.  The  sprocket  chains, 
at  each  side  of  the  bucket,  are  carried  on  two  sprocket  wheels.  Each 
bucket  is  provided  with  a  clay-ball  valve,  carried  in  a  wire  cage 
at  the  bottom  of  the  bucket.  The  leather  clack  valve  is  a  very  old 
form  for  this  use.  With  the  rise  of  the  bucket  the  valve — of  what- 
ever design — covers  a  circular  aperture  in  the  bucket  bottom,  and 

15  Buckets.Seaman  Bucket  Lift, 


Zero  fine 


•■  -«* 


Speecf  35  buckets  per  min. 

Fio.  {KX^Dynamometer  diagram  showing  imif ormity  of  resistance  afforded  by  Seanum  bucket 

lift. 

opens  in  turn  with  the  descent  into  water,  thus  obviating  the  possi- 
bility of  entrapping  air.  In  the  pendent  loop  of  the  chain  two  sprocket 
wheels  on  a  shaft  run  without  bearings.  A  gear  on  the  main  sprocket 
shaft  is  driven  by  a  pinion,  the  power  for  which  may  be  derived  from 
any  source. 

Tlie  uniformity  of  the  resistance  offered  by  this  lift  is  shown  in  fig. 
50,  taken  from  a  recording  dynamometer  when  the  device  was  deliv- 
ering about  300  pounds  of  water  per  minute,  from  a  depth  of  18.8  feet. 
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Fio.  51.— Discharge  per  backet  of  Seaman  backet  lift  at  varioos  speeds. 

Fig.  51  gives  the  discharge  per  bucket  at  various  speeds,  and  fig.  52 
the  total  discharge.  The  efficiency,  as  shown  in  fig.  53,  is  about  60 
per  cent  at  the  favorable  speed  of  100  buckets  per  minute.  A  pecul- 
iar drop  appears  in  the  discharge  record  at  speeds  ranging  from  100 
to  130  buckets  per  minute.  At  very  slow  speed  the  discharge  is  less, 
due  to  leakage  around  the  valve,  and  due,  further,  to  failure  of  the 
buckets  to  empty  into  the  discharge  chute.  At  higher  speed  the 
valve  loss  becomes  small,  but  the  buckets  soon  pass  the  dischar^^^ 
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chute  before  fully  emptying.  At  still  higher  sx>eed  centrifugal  force 
aids  greatly  in  discharging  the  bucket  and  temporarily  increases  the 
discharge.  As  speed  still  further  increases,  however^  swaying  of  the 
chain  causes  loss,  by  slopping,  from  the  rising  buekets. 


laqo 
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40 
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60 
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MO 


ISO     ICO      no 


60         90         100        110         ISO        130 
Bnekvta  dtaehmrgtd  per  mlnaio. 

Fio.  JiZ.— Total  discharge  of  Seaman  backet  lift  at  varloiis  speeds. 

This  pump  has  been  successfully  used  in  connection  with  a  wind- 
mill. It  can  be  recommended  wherever  a  large  open  well  is  available, 
and  where  the  depth  to  water  is  moderate,  say  from  20  to  35  feet.   K 
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Fio.  63.— Efficiency  curve  of  Seaman  backet  at  lift  of  18.8  feet. 


is  best  adapted  to  smaU  powers  of  from  1  to  5  horsepower.  The 
power  necessary  to  operate  such  a  pump  is  about  double  that  repre- 
sented by  the  useful  work  done,  in  water  raised  and  discharged. 
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Discharges  of  Seaman  htusket  lift  at  variouB  speeds. 


Speed,  in  backets 
per  minate. 

Die- 
chari^ 
permui- 
ateby 
experi- 
ment. 

Average 

dis- 
charge 
per  nun- 
ate  by 

dis- 
charge 
carve. 

Average 

dis- 
charge 

per 
backet. 

Speed,  in  backets 
per  minate. 

Dis- 
charge 
per  min- 
ate by 
experi- 
ment. 

Average 
dis- 
charge 
per  min- 
ate by 

dis- 
charge 
carve. 

Average 
dis^ 
charge 

per 
backet. 

38 

Pounds. 

815 

889 

428 

565 

651 

760 

768 

805 

808 

841 

886 

918 

983 

937 

963 

974 

993 

1,114 

1,025 

1,044 

1,014 

1,004 

1,084 

1,108 

1,107 

1.146 

1.128 

1,127 

1,114 

1.140 

1.140 

1,161 

1,161 

1,170 

1,176 

1,200 

1,176 

Pounds. 

310 

385 

433 

568 

682 

743 

770 

798 

804 

841 

889 

912 

948 

900 

972 

996 

096 

1,008 

1,082 

l,03ii 

1,044 

1,066 

1,066 

1,062 

1,114 

1,114 

1,127 

1,127 

1,127 

1,138 

1,161 

1,151 

1,155 

1,175 

1,176 

1,186 

1,185 

Pounds. 
8.158 
8.75 
9.02 
9.62 
10.08 
10.17 
10.26 
10.8 
10.81 
10.38 
10.45 
10.48 
10.63 
10.65 
10.66 
10.60 
10.60 
10.61 
10.63 
10.63 
10.66 
10.66 
10.66 
10.70 
10.71 
10.71 
10.63 
10.63 
10.63 
10.53 
10.37 
10.87 
10.31 
10.22 
10.22 
10.21 
10.21 

117 

118 

Pounds. 
1,191 
1,206 
l,2iSii 
1,247 
1,286 
1,290 
1,295 
1,281 
1,317 
1,348 
1,379 
1.368 
1,851 
1,380 
1,367 
1,427 
1,412 
1,404 
1.420 
1,442 
1.437 
1,362 
1,477 
1,490 
1,684 
1,461 
1,560 
1,561 
1,618 
1.685 
1,745 
1,752 
1,607 
1,720 
1,767 
1,762 
1,779 

Pounds. 
1.198 
1,205 

■    1,218 
1.254 
1,273 
1,273 
1,290 
1,807 
1,321 
1,335 
1,335 
1,360 
1,360 
1,382 
1,382 
1,395 
1,416 
1,426 
1,426 
1,420 
1,447 
1.466 
1,476 
1,492 
1,613 
1,520 
1,548 
1,666 
1,610 
1,718 
1,750 
1,766 
1,765 
1,765 
1,758 
1,758 
1,779 

Pounds. 
10.10 

44 

10.21 

48 

119 

10.28 

68 

121 

122 

10.31 

68 

10.43 

73 

122 

123 

10.43 

75 

10.48 

77 

124 

10.54 

78 

125 

10.57 

81 

128 

10.50 

85 

128 

10.50 

87 

128 

10.62 

to 

128 

10.62 

91 

130 

10.63 

ge 

130 

131 

10.63 

94 

10.64 

94 

133 

10.64 

S5 

134 

10.64 

97 

184 

10.64 

97 

184 

10.64 

98 

136 

10.64 

98 

138 

10.61 

99 

139 

10.61 

lOB 

141 

144 

10.58 

104 

10.5 

104 

146 

10.48 

106 

148 

10.4 

106 

150 

10.37 

106 

158 

10.12 

108 

178 

0.66 

Ill 

186 

0.46 

Ill 

186 

0.42 

m 

186 

0.42 

115 

186   

0.42 

116 

187 

0.4 

116 

187 

0.4 

116 

191 

0.31 

Figures  from  efficiency  tests  of  Seaman  bucket  lift, 

USEFUL  LIFT,  18.8  FEET. 


Speed,  in  backets  per  minate. 


Discharge 

per 
nunate. 


Pounds. 
275 
880 
440 
460 
465 
508 
547 
547 
584 
621 
64B 
705 
713 
724 
743 
767 
794 
804 
816 
870 
884 


Foot- 

poands 

of  asef al 

work  per 

minate. 


6,170 

6,270 

8,272 

8,648 

8,835 

8,662 

10,303 

10,303 

11,116 

11,799 

12,312 

13,305 

13,547 

13,766 

14,117 

14,383 

15,066 

15,116 

16,322 

16,866 

16,619 


Foot- 
poands 
of  work 
given  to 
machine 
per  min- 
ute. 


12,676 
13,664 
17,008 
17,246 
17,883 
17,931 
20,267 
20,025 
20,021 
28,132 
22,488 
26,218 
24.143 
24,869 
25,825 
25,644 
27,388 
26,422 
27,563 
28,740 
28.819 


Mechani- 
cal effici- 
ency. 


Percent. 
40.8 
46.2 
48.6 
60.1 
49.4 
63.8 
61.3 
51.9 
53.1 
53.3 
54.7 
63.1 
56.1 
56.3 
54.6 
56 
65 
67.2 
55.6 
56.9 
58.6 


Lift. 


F^et. 
18.8 
19 
18.8 
18.8 
19 
19 
19 
19 
19 
19 
19 
19 
19 
10 
10 
10 
10 
18.8 
18.8 
18.8 
18.8 
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Figures  from  efficiency  testa  of  Seaman  bucket  lift^^kmixaned. 

USEFUL  LIFT,  18.8  FEET— Continued. 


Speed,  in  buckets  per  minute. 


89.5. 
90... 
94.4. 
95.9. 
96.3. 
96.3. 
100.. 
101.7 
107.1 
111.1 
117.6 
117.6 
117.6 
1^.5 
122.5 
127.6 
130.. 
134.8 
136.. 
136.4 
138.4 
187.9 
139.5 
143.. 
143.. 
144.6 
146.3 
150.. 
151.9 
154.. 
160.. 
171.4 
171.4 
171.6 
184.6 
187.5 


Foot- 

Foot- 

pounds 

Discharge 

pounds 
of  useful 

of  work 

mmute. 

given  to 

work  per 
minute. 

machine 

per  min- 

ute. 

Pounds. 

942 

17,808 

30,987 

948 

17,«2 

80,781 

1,000 

18.800 

82,286 

J'P 

19,176 

3B.415 

1.0i8 

19.912 

32,124 

1,048 

19.702 

88,014 

1,068 

20,078 

88,674 

1,090 

20,482 

82,620 

1,133 

21.800 

36,620 

1,152 

21,657 

88,076 

1,200 

22,800 

87,226 

1.200 

28,560 

40,160 

1,200 

22,660 

89,211 

1,284 

24,189 

40,628 

1,284 

24,139 

89.458 

1,365 

25,474 

42,638 

1,382 

26,268 

41,602 

1,436 

26,978 

48,886 

1,448 

27,512 

48,607 

1.450 

27.290 

46.750 

1,450 

27,260 

44,406 

1,463 

27,797 

42,816 

1,480 

27.824 

44,800 

1,505 

28,605 

48.584 

1,605 

28,605 

44,442 

1,516 

28,804 

44,108 

1,580 

29,070 

45,058 

1,566 

29,564 

44,541 

1,570 

29,830 

GB,10i 

1,584 

80.096 

46,002 

1,622 

80,818 

48,075 

1,685 

32,015 

47,  «n 

1,685 

32,015 

47,486 

1,687 

31,715 

62,100 

1,748 

83,212 

61,906 

1,760 

33,440 

58,887 

Mechani- 
cal effld- 
ency. 


Percent. 
67.8 
56 
56.8 
50.1 
61.9 
61.6 
60.6 
08.8 
60.9 
56.8 
61.2 
66.1 
57.5 
60.4 
61.1 
60.7 
63.2 
62.1 
63 
68.8 
61.8 
64.9 
62.1 
65.6 
04.8 
66.1 
04.6 
06.8 
57.2 
06.8 
64.1 
67.2 
67.5 
60.7 
63.8 
62.7 


Lift 


19 

1&8 
18.8 
18.8 

n 

18.8 

18.8 

18.8 

18.8 

18.8 

19 

18.8 

18.8 

18.8 

18.8 

18.8 

19 

18.8 

19 

18.8 

18.8 

19 

18.8 

19 

19 

19 

19 

19 

19 

19 

19 

19 

19 

18.8 

19 

19 


SAME  USING  TWO  VALVES  IN  EACH  BUCKET. 


96... 
100- 
100- . 
102.6 
103.4 
111.1 
115.4 
122.5 
126.. 
180.4 
133.3 
142.8 
142.8 
142.8 
151.9 
162.1 
160.. 
184.6 
187.5 


1,082 
1,009 
1,009 
1.096 
1,106 
1,152 
1,178 
1,283 
1,823 
1,383 
1,420 
1,605 
1,505 
1.505 
1,570 
1,634 
1,673 
1,749 
1,760 


19.401 
20,204 
20.078 
20,642 
20,941 
21,667 
22.190 
24,120 
24,872 
26.188 
26,888 
28,294 
28,294 
28,444 
20,516 
80,719 
81,452 
82,881 
88,088 


85,447 

54.7 

I&8 

86,738 

66 

18.8 

86,604 

54.8 

18.8 

87,206 

66.4 

18.8 

87,100 

66.4 

18.8 

89,861 

66 

1&8 

40,960 

64.1 

1L8 

42,151 

57.8 

18.8 

42,880 

58 

1&8 

44,068 

60.8 

18.9 

45,895 

68.4 

18.8 

60,222 

66.8 

18.8 

60,770 

65.7 

18.8 

48,866 

58.1 

18.9 

60,734 

66.2 

18.8 

64,718 

66.1 

18.8 

64,880 

67.2 

las 

62,904 

62.2 

18.8 

68,887 

58.2 

18.8 

LIFTING  BY  ANIMAL  POWER. 


It  is  somewhat  surprising  that  horses  are  not  more  used  for  lifting 
water.  In  small  operations,  or  where  a  farmer  is  experimenting  with 
a  view  to  irrigation,  horse  power  would  seem  to  be  the  resource  read- 
iest to  hand.    It  is  but  little  recognized  how  much  work  may  be  got 
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from  a  horse  if  ft  suitable  device  be  provided.  Farm  horses,  like  their 
masters,  work  especially  hard  during  special  seasons.  Their  rate  is 
higher  then  than  it  could  be  if  they  were,  worked  continuously.  If 
the  following  estimates  at  first  sight  appear  low,  it  should  be  under- 
stood that  they  are  made  on  the  assumption  of  a  uniform  daily  rate. 
It  is  assumed  that  a  good  work  team  of  two  horses  will  pull  300  pounds 
steadily  during  a  day  of  eight  hours.  In  plowing,  this  effort  is  fre- 
quently doubled.  For  horses  worked  continuously  at  a  straight-away 
pull,  125  pounds  each  for  medium-weight  horses  is  good  average  work. 
For  occasional  short  periods  a  horse  can  throw  one-third  of  his  weight 
into  his  eflfort,  but  he  can  not  do  so  at  frequently  recurring  intervals. 
The  maximum  load  for  a  horse,  if  recurring  at  short  intervals,  should 
not  exceed  double  the  average  fair  load,  and  the  more  frequently  it 
recurs  the  less  it  should  be.  The  natural  gait  of  a  work  horse  is 
about  3  feet  per  second.  If  loaded  to  pull  125  pounds  at  this  gait,  his 
work  would  be  equivalent  to  22,500  foot-pounds  per  minute,  or  about 
two-thirds  of  a  horsepower. 
If  a  horse  could  be  worked  steadily  at  some  device  the  efficiency  of 

3  3 
which  would  be  66  per  cent,  he  could  lift,  in  a  ten-hour  day,  -^  acre- 
feet  of  water,  L  being  the  height  of  lift  in  feet.  In  many  cases  the 
lift  will  be  about  15  feet,  giving  an  output  per  horse  of  0.22  acre-foot, 
and  if  the  depth  of  irrigation  be  3  inches,  accompanied  with  the  usual 
waste,  the  water  for  about  three-fourths  of  an  acre  per  day  could 
easily  be  supplied  by  two  horses.  With  storage  and  with  intervals  of 
ten  days  between  irrigations  a  team  of  two  horses  could  care  for  from 
5  to  7  acres.  While  to  the  enthusiast  these  figures  will  not  appear 
large,  they  are  large  enough  to  justify  the  use  of  horses  in  small  under- 
takings. The  assumed  efficiency  of  66  per  cent  is,  in  fact,  low  rather 
than  high,  and  a  device  for  the  utilization  of  horsepower  that  shall 
attain  to  this  percentage  ought  to  be  possible  of  achievement  by 
mechanical  skill. 

The  foregoing  is  a  statement  of  what  it  is  possible  to  do  with  horses 
if  suitable  machinery  be  provided;  but  the  majority  of  existing  devices 
will  not  do  so  well  as  this.  As  shown  by  the  stress  diagram  for  a 
single-cylinder  pump  (fig.  39,  p.  66),  the  maximum  stress  is  more  than 
three  and  one-half  times  what  would  be  the  average  stress.  As  the 
maximum  effort  of  a  horse  should  not  rise  to  more  than  double  his 
average  effort,  and  as  the  average  resistance  in  the  single-cylinder 
pump  is  28  per  cent  of  the  maximum  resistance,  the  actual  average 
load  put  on  the  horse  can  equal  only  28  per  cent  of  twice  his  average 
effort,  or  56  per  cent  of  his  possible  average  effort.  In  order  to  get 
full  work  out  of  a  horse,  therefore,  it  would  be  necessary,  at  some 
I)eriod  of  each  pump  stroke,  for  him  to  make  an  effort  more  than 
three  and  one-half  times  his  most  efficient  average  effort.  This  would 
be  too  great  irregularity  of  exertion. 
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A  horse  can  not  <Jo  full  work  on  an  unbalanced  single-cylinder 
pump.  It  is  imperative  that  recourse  be  had  to  some  device  which 
will  more  nearly  equalize  his  efforts.  The  use  of  a  sweep,  by  reason 
of  the  circular  course  a  horse  has  to  follow,  involves  a  loss  of  20  per 
cent  of  efficiency,  as  compared  with  the  possible  efficiency  in  a  straight- 
away pull.  At  each  point  of  his  actual  course  he  will  be  pulling  at  an 
angle  with  his  most  effective  course,  which  at  any  point  will  always 
be  a  tangent  to  the  circular  path.  Tests  of  the  usual  sweep  horse- 
power show  an  efficiency  of  about  80  per  cent. 

A  horse  can  deliver  to  a  pumping  device,  through  the  medium  of 
a  sweep,  80  per  cent  of  80  per  cent,  or  64  per  cent  of  his  best  effort. 
If  the  pumping  device  have  an  efficiency  of  60  per  cent,  such  as 
shown  by  the  bucket  lift,  the  water  actually  lifted  will  represent  80  X 
80  X  60  per  cent,  or  38.4  per  cent  straight-away  average  effort  of  the 
horse.     In  the  operation  of  a  bucket  lift  of  this  kind, 

8640.^ 

in  which  L  is  the  total  lift  of  water  in  feet,  and  p  the  number  of 
pounds  discharged  per  minute  for  each  horse  employed. 

To  determine  the  proper  speed  for  the  bucket  lift,  let  S  be  the  length 
of  sweep  in  feet,  L  the  lift  of  water  in  feet,  I  b  d  the  dimensions, 
respectively,  of  the  buckets  used  in  inches,  and  n  the  number  of 
buckets  emptied  during  one  revolution  of  the  sweep;  then,  for  each 
horse 

10,400  S 
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=  71. 


Omitting  from  consideration  what  might  be  done  by  overtaxing  the 
horse,  a  larger  output  than  this  is  to  be  looked  for  only  through 
increase  of  efficiency  in  the  mechanism  of  either  the  sweep  or  the 
pump.  This  low  efficiency,  in  which  but  38  per  cent  of  the  power 
expended  by  the  horse  appears  as  returned  in  useful  work,  lies  at  the 
root  of  the  nonuse  of  horsepower  for  these  light  water-lifting  opera- 
tions. As  already  stated,  the  difficulty  does  not  to  the  writer  appear 
insuperable. 

SOME  INDIAN  DEVICES. 

Among  devices  employed  in  India  for  raising  water  from  wells  by 
animal  power  a  number  have  been  tested  as  to  their  mechanical  effi- 
ciencies, and  have  been  reported  upon  to  the  Madras  government  in 
Bulletin  No.  32  of  the  department  of  land  records  and  agriculture, 
under  the  title,  Experiments  with  Water  Lifts.  The  following  copious 
extracts  from  this  interesting  report,  together  with  figs.  64, 55,  and  56, 
which  are  selected  reproductions  from  its  plates,  show  what  may 
be  accomplished  with  these  rude  devices  of  the  Indian  farmer,  to 
whom  the  cost  of  modem  machinery  is,  as  a  rule,  prohibitive. 
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The  exxieriments  condncted  by  the  committee  had  the  following  objects  in 
view:  The  determination  of — 

(1)  The  quantity  of  water  and  the  effective  height  it  was  lifted  in  a  given  time 
by  bnllocks  of  known  weight,  and  working  in  a  way  that  did  not  undoly  fatigue 
them. 

(2)  The  quantity  of  work  actually  obtained  from  the  animals  in  the  same 
time. 


VERTICAL  SECTION 


PLAN 
Fig.  54.— Plan  and  yertical  section  of  Btoney  water  lift 


(3)  The  quantity  of  work  which  might  have  been  obtained  from  the  animals  in 
the  same  time  had  the  working  of  the  lifts  been  continuous. 

The  first  quantity  divided  by  the  second  gives  the  mechanical  efficiency  of  the 
virater  lift,  and  the  first  quantity  divided  by  the  third  gives  its  absolute  efficiency 
as  a  machine  for  utilizing  animal  power  in  a  given  way.  « 

(4)  The  quantity  of  work  represented  in  water  lifted  per  hour  divided  by  the 
weight  of  the  bullocks  in  pounds. 

IBB  14 6 
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Fig.  65.— End  elevatioii  of  Stoney  water  lift. 


SOME   INDIAN    DEVICES. 
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is  yields  a  constant  which,  on  the  assnmption  that  the  animals  employed  in 
ing  the  varions  lifts  are  all  equally  strained,  enables  a  comparison  to  be 
between  very  different  types  of  water  lift  and  very  different  methods  of 
ing  animal  x>ower.  In  some  lifts  only  the  draft  of  the  animals  is  utilized, 
hers,  as  for  instance  the  ordinary  single  mhote,  both  draft  and  weight  are 
;ed,  whilst  in  a  third  class  only  the  animals*  weight  is  made  nse  of,  as  in  Mr. 
a  Rao's  oscillating  platform;  and  between  snch  very  different  methods  the 
ants  yielded  by  (4)  seems  to  be  the  best  method  of  making  comparisons  of 
ctnal  valne  of  different  machines  for  lifting  water.    It  must  be  remembered 


I 


Fio.  6&— Whim  need  with  Stoney  water  lift. 


though  the  mechanical  efficiency  of  a  water  lift  may  be  high,  yet  the  mode 
tting  the  work  ont  of  the  animals  employed  may  be  bad,  and  the  actual  value 
9  constants  yielded  by  (4)  depends  on  the  assumption  that  the  strength  of 
als  is  proportional  to  their  weight,  which  is  probably  roughly  true  for  ani- 

in  good  working  condition  and  in  the  prime  of  life,  and  on  the  accuracy 
which  it  is  possible  to  estimate  whether  two  animals  working  in  different 

are  exerting  themselves  to  their  full  working  capacity.  The  figures  there- 
obtained  are  only  to  be  taken  as  offering  a  rough  method  of  comparing  the 
'ent  lifts,  and  as  a  guide  in  estimating  their  probable  value  as  machines  for 
g  water. 
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Stoney's  water  lift — The  principal  feature  in  this  lift  is  the  employment  of 
buckets  of   wrought  iron,  suspended  in  a  stirmp  by  two  adjustable  pivoti 
attached  to  the  bucket  very  slightly  above  the  center  of  gravity  of  the  bucket 
when  full  of  water.    The  mouth  of  the  bucket  is  inclined  as  shown  in  the  draw- 
ing, and  the  lower  ends  of  the  stirrup  are  turned  outward  and  encircle  steel 
wires  which  are  suspended  in  the  well  from  screw  eyebolts  attached  to  the  fram- 
ing above.    The  wires  are  fastened  by  some  convenient  means  to  the  bottom  of 
the  well  and  act  as  guides  to  the  bucket,  ascending  and  descending,  and  prevent  it 
from  either  turning  round  or  swaying  to  and  fro,  and  thus  striking  either  the  sides 
of  the  well  or  the  second  bucket.    On  the  bucket  being  lowered  into  the  water  it 
turns  horizontally  and  rapidly  fills  with  water,  and  on  being  drawn  up  assumes 
a  vertical  position  and  rises  steadily  out  of  the  water,  till  the  discharging  level  is 
reached,  when  the  upper  side  of  the  inclined  mouth  comes  into  contact  with  an 
iron  bar  fixed  across  the  framing  of  the  lift,  and  the  stirrup,  continuing  its 
upward  motion,  causes  the  bucket  to  revolve  about  the  point  of  contact  of  tiie 
bucket  with  the  iron  rod,  and  thus  discharge  its  contents  into  the  delivery  trough. 
The  lift  was  worked  by  carrying  the  ropes  which  hold  the  buckets  over  guide 
pulleys  to  a  whim  turned  by  either  a  pair  of  bullocks  or  a  single  bullock.    Two 
buckets  were  attached  and  the  rox>es  arranged  so  that  as  one  bucket  ascended  the 
other  descended,  and  the  dead  weight  of  the  buckets  was  balanced.    The  whim 
consisted  of  a  drum  built  of  wood  and  carried  by  an  iron  spindle  on  the  top  of  a 
post  firmly  built  into  the  ground.    The  bullocks  worked  at  the  end  of  a  long 
arm,  the  circumference  swept  out  by  which  was  3.85  times  the  circumference  of 
the  drum.    The  whim  is  worked  alternately  in  one  direction  and  the  other,  the 
cattle  being  made  to  turn  round  while  the  bucket  is  discharging  its  contents. 
The  lift  was  provided  with  two  sets  of  buckets  of  a  nominal  capacity  of  30  and  35 
gallons  (English),  respectively.    In  the  following  table  is  exhibited  the  data 

regarding  their  capacity: 

Table  I. 

Weight  of 
water  de- 
livered by 
buckets. 


dO-gallon  buckets { 

25-gallon  backets | 


Weight, 
empty. 

Weight 

of  water 

when  full. 

No.l 

No.  2 

No.  1 

No.0 

Pounds. 
101 
08 

68 
67 

Pounds. 
296 
295 
246 
237 

Powadi. 

810 

& 

290 


The  capacity  of  the  lift  was  tested  by  working  it  with  a  single  Nellore  bullock 
weighing  1,146  pounds  on  three  different  days,  but  owing  to  insufficiency  of  water 
in  the  well  no  test  could  be  continued  for  more  than  two  hours  forty-two  minutes. 
In  Table  II  the  results  obtained  are  shown: 

Table  II. 


Date. 

Time 
started. 

8-37 
0-37 
2-04 
8-04 
4-04 
^-00 
»-00 
2-20 
4-21) 

Time 
stopped. 

Number 

of 

buckets 

raised. 

Lift  at 

begiu- 

ning. 

Lift  at 
end. 

Mean 
lift. 

(Gallons 

raised 

per  hour. 

Foot- 

poandfl 

atu96- 

fulwork 

ddWw 

• 

0-37 

10-07 

3-04 

4-04 

4r46 

3-00 
3-51 
4-20 
5-20 

a88 
a51 
aOl 
a  86 
a63 
o85 
a  73 
5167 
^70 

Ft.  in. 
22    0 

Ft.  in. 

23.G25 

2,SM 

588,900 

23   3 

July  16, 1805 

2110i 

23.24 

2,489 

'*57d,'5» 

July  17, 1805 { 

July  18,  1806 { 

22    2 

■""28  "ei 

22.87 

2,301 

"64«,«b 

22    2 

22.75 

1,880 

4a,6» 

23    4 

1 

adO-gallon  buckets. 


b  2&-gallon  buckets. 
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The  mechanical  efficiency  of  the  lift  when  just  moving  is  83.6  per  cent,  and  at 
the  ordinary  working  speed,  70  per  cent.  It  was  fonnd  that  the  speed  at  which 
the  bnllock  walked  when  exerting  a  draft  of  92  pounds  was,  as  the  mean  of  a  nmn- 
her  of  olMerrations,  8.64  feet  per  second,  and  that  in  162  minutes  he  raised  240 
buckets  of  water,  lifting  each  bucket  28  feet.  Walking  at  this  speed  without 
stopping,  which  witiiout  doubt  the  animal  could  have  easily  done,  he  could  have 
lifted  401  buckets,  so  that  he  was  only  usefully  employed  for  50.7  per  cent  of  the 
time.  The  absolute  efficiency  of  the  lift  was  therefore  70  by  50.7  per  cent  or  47.2 
per  cent.  This  calculation  neglects  to  take  into  account  the  extra  pull  which  is 
necessary  to  tilt  the  bucket  to  make  it  discharge,  which  was  found  to  amount  to 
122  imunds  and  which  was  exerted  through  about  8  feet.  This  quantity  would 
only  affect  the  result  very  slightly  and  the  decrease  in  efficiency  would  diminish 
as  the  height  to  which  the  water  has  to  be  raised  increases. 

A  device  of  this  kind  is  among  the  possibilities  of  home  manufac- 
ture in  any  American  community.  The  results  given  were  obtained 
from  actual  trial  and  could  be  duplicated  here  by  the  use  of  horses. 

A  device  called  an  improved  single  mhote  was  also  tested  and 
described.  A  wat«r  carrier  holding  31  gallons  was  provided,  at  its 
bottom  opening,  with  a  large  leather  pipe.  This  carrier  or  bucket 
was  suspended  by  a  rope  from  a  pulley,  and  the  free  end  of  the  leather 
discharge  pipe  was  separately  suspended  and  held  up  by  a  second  rope 
passing  over  a  pulley  below  the  bucket  pulley  at  the  ground  surface. 
The  discharge  end  of  the  leather  pipe  was  ordinarily  held  above  the 
bucket,  and  in  this  position  permitted  no  discharge.  Upon  the  ascent 
of  the  bucket  and  its  upturned  discharge  pix>e  or  leather  tube  the  tube 
would  be  drawn  out  along  the  ground  by  its  controlling  rope  and  dis- 
charge effected  as  soon  as  the  bucket  passed  above  the  ground  sur- 
face. The  two  ropes  were  connected  in  such  manner  that  they  were 
operated  together,  the  pull  being  exerted  by  bullocks  descending  an 
inclined  plane  which  had  been  excavated  below  the  ground  level. 

The  improvement  on  the  ordinary  single  mhote  is  effected  by  attaching  a  rope 
to  the  draft  rope  and  carrying  it  on  to  the  large  drum  of  a  kind  of  windlass 
erected  at  the  end  of  the  inclined  plane  and  at  a  considerable  height  above  the 
level  of  the  end  of  the  run.  Cords  wound  round  two  smaller  drums,  one  on  each 
side  of  the  large  drum,  carry  weights,  which  it  was  found  almost  balanced  the 
weight  of  the  empty  bucket,  so  that  at  the  end  of  a  lift,  as  soon  as  the  bucket  was 
empty,  the  draft  rope  automatically  rose  in  the  air  and  the  bullocks  were  able  to 
turn  round  and  walk  up  the  inclined  plane  in  a  natural,  easy  manner  instead 
of  being  forced  backw£urd,  as  is  the  common  plan.  The  improvement  effected 
is  undoubtedly  a  very  great  one,  as  not  only  is  the  weight  of  the  empty  bucket 
practically  balanced,  but  the  animals  are  also  spared  the  cramped  and  unnatural 
backward  walk  up  a  steep  incline,  which  probably  tires  them  more  than  their 
exertions  in  drawing  the  bucket  out  of  the  well.  The  experiments  made  on  this 
lift  were  not  very  extensive,  but  the  following  results  were  obtained  and  are 
worthy  of  record,  '(he  mhote  was  worked  by  two  bullocks  weighing  732  pounds 
and  616  pounds,  resx)ectively,  or  in  the  aggregate  1,848  pounds.  The  bucket, 
which  was  of  iron  and  fitted  with  a  leathern  discharge  trunk,  weighed  43  pounds 
and  when  full  held  31  gallons  of  water,  but  the  mean  quantity  lifted,  as  measured 
into  a  tank,  was  24.2  gallons  per  lift,  the  rest  being  spilt  or  lost  by  leakage.  With 
the  bullocks  employed  the  rate  of  working  was  00  lifts  per  hour,  and  the  height  of 
the  lift  being  23  feet,  the  total  quantity  of  work  usefully  done  amounted  to  500,040 
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f ootrX>oands  per  hour.  The  dfaft  exerted  by  the  bullocks  down  the  inclined  pUme 
wasfonnd  to  be  883  x>oands.  The  nsefnl  work  done  in  a  single  lift  was  ^  x  10  x23 
or  5,570  foot-x>onnds,  whilst  the  bnllocks  exerted  a  pull  of  883  pounds  throngh  2!H 
feet,  the  bucket  having  to  be  raised  an  extra  2i  feet  to  enable  it  to  discharge  its 
contents,  and  the  work  done  is  equal  to  9,760  foot-pounds.  The  bullocks  then  had 
to  return  up  a  gradient  of  1  in  5.28  feet,  in  doing  which  they  expended  6,510  fooi- 
X>ounds  of  energy  in  lifting  their  own  weight  against  the  action  of  gravity.  The 
total  amount  of  work  done  by  them  in  a  single  lift  was,  therefore,  16,570  foot- 
pounds and  the  useful  outturn  5,570  foot-pounds,  so  that  the  efficiency  of  this 
method  of  lifting  water  is  not  greater  than  34.3  per  cent.  As  compared  with  the 
ordinary  single  mhote,  the  great  advantage  which  this  lift  possesses  is  that  it 
allovns  the  bullocks  to  turn  round  at  the  bottom  of  the  inclined  plane  and  aaoeod 
walking  forward  instead  of  backward,  an  advantage  which  it  would  be  difficult 
to  express  numerically,  but  the  balancing  of  the  bucket  diminishes  the  draft  hy 
about  40  pounds  and  increases  the  efficiency  of  the  lift  by  about  6.3  per  cent,  not, 
perhaiMS,  a  very  large  amount,  but  still  by  no  means  a  negligible  quantity. 

A  see-saw  lift  described  is  unique,  and  might  be  developed  into  a 
practical  device : 

In  this  form  of  water  lift  the  bullock  is  made  to  walk  along  a  platform  supported 
on  a  roller,  and  by  his  weight  it  is  caused  to  oscillate  up  and  down.  Two  ropee 
are  attached  to  one  end  of  the  platform  and  wound  round  two  small  drums  form- 
ing part  of  a  windlass,  round  the  large  drum  of  which  a  rope  working  an  ordinaiy 
single  mhote  is  passed.  The  platform  is  not  supported  in  the  middle,  but  at  some 
distance  therefrom,  so  that  the  working  end  of  the  platform  greatly  preponderates 
and  the  bullock  has  to  walk  to  the  free  end  of  the  platform  to  tilt  the  longer  seg- 
ment up  and  lower  the  bucket  into  the  well.  The  platform  is  24  feet  long  and  the 
supporting  roller  is  fixed  15  feet  3f  inches  from  the  working  end.  It  was  not  pos- 
sible to  weigh  the  platform,  and  calculations  of  its  weight,  based  upon  the  quan- 
tity of  timber  used  in  it,  can  only  be  approximate.  It  was,  however,  carefully 
measured  up,  and  assuming  that  the  teak  wood,  of  which  it  was  constructed, 
weighed  45  pounds  per  cubic  foot,  the  weights  of  the  two  sections  are  1,450  pounds 
and  850  x>ounds.  To  diminish  the  shock  when  the  free  end  falls  and  the  bncket 
is  lowered  into  the  water,  230  pounds  of  iron  rails  are  fastened  underneath  the 
platform  by  a  short  chain,  so  that  just  before  this  end  of  the  platform  readies  its 
lowest  position  the  rails  rest  on  the  ground  and  their  weight  ceases  to  act,  and  the 
platform  comes  to  rest  more  gently  than  would  be  the  case  if  the  velocity  of 
descent  continued  to  accelerate  to  the  very  end.  The  ropes  from  the  platform 
were  wound  round  drums,  the  circumference  of  which  was  3  feet  2^  inches  as 
measured  by  unwinding  one  coil  of  the  rope,  and  the  mhote  rope  was  worked  fnsn 
a  drum  7  feet  10  inches  in  circumference  so  that  the  motion  of  the  working  end  of 
the  platform  was  multiplied  2.44  times.  With  the  bucket  empty  and  the  platform 
horizontal  the  load  at  the  free  end  could  be  varied  from  160  pounds  to  363  pounds 
without  disturbing  the  equilibrium,  whilst  with  a  load  of  247  pounds  in  the  bucket, 
equal  to  24.7  gallons  of  water,  the  platform  remained  horizontal,  though  the  load 
at  the  working  end  varied  between  584  pounds  and  275  pounds.  Taking  the  mean 
between  the  two  extreme  values  to  be  the  actual  weight  required  to  balance  the 
platform,  it  is  possible  by  taking  moments  about  the  center  to  determine  the  only 
force  acting  on  the  platform  which  was  not  measured,  viz,  the  weight  of  the 
empty  bucket  and  ropes  acting  with  a  lineage  of  2.44  to  1.  With  the  buchet 
unloaded,  the  weight  works  out  as  65.4  pounds  and  when  loaded  62  pounds,  a 
remarkably  close  agreement. 

The  lift  was  worked  during  the  trial  by  a  bullock  weighing  700  pounds  and  a 
man  weighing  117  pounds.  The  rate  of  working  was  81  lifts  per  hour  from  a  weD 
18  feet  1  inch  deep.  The  average  quantity  of  water  brought  up  by  the  bucket,  aa 
measured  into  a  tank,  was  23.5  gallons,  and  the  useful  work  done  per  hour 
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amonnted  to  344,310  foot-ponnda.  '  The  bullock  and  the  man  together  were  mneh 
heavier  than  was  really  necessary,  and  they  did  not  nse  the  fnll  length  of  the  plat- 
form, 80  that  It  is  diffioolt  to  eatimate  the  work  done  by  them  in  working  the  lift, 
but  the  mechanical  efQciency  of  the  lift  on  the  day  of  taial  can  be  aacertained  by 
mnltiplyinK  the  fall  of  the  front  end  of  the  platform  by  the  force  required  to  set 
it  in  steady  motion  when  lifting  a  backet  full  of  water.  The  total  height  the 
bncket  had  to  rise  to  diecharge  ItB  contents  was  33  feet,  and  the  end  of  the  plat- 
form therefore  fell  9  feet  and  the  work  done  was  584  x  9  ^  S,3S6  foot-ponnda.  To 
raise  the  platform  back  to  its  initial  position  the  free  end  then  falls  5.18  feet  and 
the  load  on  it  is  862  pounds,  and  the  work  done  is  eqnal  to  1,875  foot-ponnds.  The 
total  work,  therefore,  done  in  a  single  lift  is  7,181  foot-pounds,  and  the  nsefnl 
work  gireu  to  the  water  Is  1,345  foot-ponnds,  so  that  the  mechanical  efficiency, 
when  jnst  working,  la  SQ.S  per  cent;  at  the  normal  rate  of  working  it  is  mndi 
lower,  probably  not  more  than  50  per  cent. 


Fio.  ST.— CoustmctioD  of  Boyce  water  lift. 


The  conclmion  reached  by  the  engineer,  Mr.  A.  Chatterton,  who 
made  the  tests,  was  that  "  the  most  efficient  way  of  utilizing  animal 
power  is  to  make  the  animal  raise  himself  against  the  action  of  grav- 
ity, and  then,  in  some  way,  convert  the  potential  energy  stored  in  the 
animal's  body  into  work." 

AN  AMRRIOAK  DEvica. 

An  American  water  lift,  devised  by  Mr.  A.  Boyce,  of  Angasta, 
Oklahoma,  was  exhibited  at  Garden,  Kansas,  in  1896.  Figs.  S7,  58, 
and  PI.  I,  B  (p.  74),  show  its  construction  and  general  mode  of  opera- 
tion. Its  very  considerable  merit  lies  in  the  readiness  with  which  it 
may  be  constructed  on  the  farm,  and  in  its  cheapness.  The  general 
plan  of  the  device  may  be  described  as  follows : 

The  running  gear  of  an  ordinary  farm  wagon,  with  the  two  wheels 
of  one  side  removed,  has  its  axles  fixed  radially  to  a  circular  track, 
the  diameter  of  which  is  made  to  exceed  slightly  the  total  height  of 
the  water  lift.  The  axles  are  bolted  to  beams  which  extend  to  the 
center  of  the  circular  track,  where  they  are  pivoted  to  a  low  poat. 
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Horses  hitched  in  the  usual  manner  draw  this  two-wheeled  device 
around  the  circle.     A  vertical  post,  rigidly  braced  on  the  wagon  f  r&me 

and  extending  to  a  height  some- 
what above  the  backs  of  the 
horses,  carries  at  its  upper  end  a 
vertical  pin,  to  which  rox>es  are  at- 
tached by  means  of  a  loose  link 
and  extended  to  a  lifting  device 
at  the  well.  As  the  wagon  travels 
around  the  track,  the  framework, 
as  a  whole,  acts  as  a  crank,  the 
throw  of  which  is  equal  to  the 
height  of  lift  of  the  water.  The 
ropes  extend  horizontally  from  the 
top  of  the  traveling  post  to  the 
well  framework,  so  that  the  horses 
pass  beneath  them.  By  simple 
multiplication  of  ropes  more  than 
one  well  may  be  drawn  upon. 
Where,  however,  there  is  but  a 
single  well,  a  counterbalance  upon 
the  wagon  must  be  used  to  prevent 
overturning.  In  the  well  is  a 
bucket,  hung  at  either  side  on  gim- 
bals, attached  a  little  above  its 
center  of  gravity  when  full,  so  as 
barely  to  insure  stability.  In  the 
bottom  of  the  bucket  two  large 
clack  valves  admit  of  the  ingress 
of  water.  The  supporting  ropes, 
one  on  each  side,  pass  through 
pulley  blocks  over  head  and  thence 
horizontally  to  the  crank  link  on 
the  wagon  post.  These  pulley 
blocks  hang  from  the  ends  of  a 
short  beam,  pivoted  at  its  centerso 
that  it  may  always  maintain  a  po- 
sition normal  to  the  continually 
changing  direction  of  the  ropes. 

The  mechanism  for  emptybg 
the  bucket  is  designed  to  receive 
its  full  discharge  and  at  the  same 
time  to  avoid  shock.  A  swinging 
trough  is  suspended  at  four  points, 


Pio.  68.— Oonstnictlon  of  fiojoe  water  lift. 


by  rods,  from  the  framework  overhead.     As  the  bucket  reaches  the 
summit  of  its  rise  it  encounters  a  cross  rod,  on  a  tilting  lever,  as  shown 
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in  fig.  58.  The  tilting  of  this  lever  draws  forward  the  trough  sup- 
ports by  means  of  an  adjustable  connecting  rod  and  swings  one  end 
of  the  trough  under  the  tilting  bucket.  The  bucket  is  prevented  from 
tilting  too  far  by  a  bail  on  the  tilting  lever. 

This  device  is  simple  and  very  direct  in  operation.  If  applied  to  a 
single  well,  it  has  the  fault  of  being  single-acting,  and  horses  can  not 
be  worked  to  their  full  capacity  without  overstrain.  The  resistances 
for  one  revolution  would  be,  practically,  as  shown  in  the  diagram, 
fig.  39  (p.  66).  To  render  this  work  more  nearly  uniform  three  or 
more  wells  should  be  drawn  upon  at  the  same  time.  Three  wells 
placed  at  the  points  of  an  equilateral  triangle,  with  the  sweep  ox>er- 
ating  at  its  center,  could  be  served  nearly  as  easily  as  one.  The 
mechanism  is  so  direct  acting  that  an  efiiciency  of  at  least  80  per  cent 
could  be  expected,  as  with  the  similar  device  of  Mr.  Stoney. 

In  the  case  of  a  single  well  the  full  weight  of  the  loaded  bucket  will 
come  upon  the  horses  at  that  moment  when  their  direction  of  pull 
falls  in  line  with  the  rojie.  If  a  team  of  two  horses  can  pull  400 
pounds  for  a  short  distance,  the  weight  of  bucket  and  water  may  be 
80  per  cent  of  that  amount.  A  50-gaUon  oil  barrel  makes  a  good 
bucket.  The  barrel  will  weigh,  when  wet,  about  70  pounds,  and 
when  three-fifths  full  will  have  the  weight  given  above. 

If  three  wells  be  used  the  resistance  will  be  so  uniform  that  an 

average  pull  of  200  pounds,  for  two  horses  working  in  a  circle,  may 

be  taken  as  a  basis  for  determining  the  proper  dimensions  for  the 

buckets.    If  the  machine  has  frictional  resistances  of  but  20  per  cent 

the  water  in  each  bucket  may  weigh  160  pounds,  and  in  one  revolution 

480  pounds,  or  about  57  gallons,  can  be  discharged.     The  number  of 

revolutions  per  minute  will  depend  upon  the  size  of  the  circle  described 

57 
by  the  horses,  and  will  be  ^  if  the  diameter  of  the  circle  is  made 

Li 

equal  to  the  height  of  the  lift.  The  gallons  discharged  per  minute 
will  be  -^z:— ,  and  the  acre-feet,  per  day  of  ten  hours,  -^,    A  mechan- 

ical  advantage  may  be  secured  by  attaching  the  crank  post  to  the 
sweep  at  a  point  nearer  to  the  center  than  the  point  to  which  the 
horses  are  attached.  It  will  thus  describe  a  smaller  circle.  In  conse- 
quence larger  buckets  may  be  used. 

This  device  is  adaptable  to  any  number  of  horses  and  to  any  number 
of  wells.  Mr.  Boyce  makes  the  statement  that,  ''using  two  buckets 
drawing  from  one  well,  one  bucket  ascending  as  the  other  descends, 
I  can  raise  200  gallons  per  minute  from  a  well  27  feet  deep,  with  a 
small  team  of  [two]  horses."  While  this  is  heavy  work  for  two  horses, 
and  probably  could  not  be  maintained  continuously  for  ten  hours,  it 
shows  what  could  be  done  on  occasion.  No  accurate  tests  of  efficiency 
have  been  made,  so  far  as  I  know. 

A  device  of  this  kind  is  well  worth  the  attention  of  beginners  in 
irrigation  who  wish  to  avoid  a  large  initial  outlay  for  machinerY, 
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LETTER  OF  TRANSMITTAL. 


Department  of  the  Interior, 
United  States  Geological  Survey, 

Division  of  Htdbogbaphy, 
Wa^hingtanj  February  10^  1898. 
Sib:  I  have  the  honor  to  transmit  herewith  brief  descriptions  of  tbe 
river  stations  at  which  work  was  carried  on  by  the  Division  of  Hydrog- 
raphy of  this  Survey  during  1897,  together  with  tables  of  daily  height 

Very  respectfully, 

F.  H.  Newell, 

Hydrofrapher  in  Charfe, 
Hon.  (^'HABLES  D.  Walgott, 

Director  United  8tat€%  Geological  Sumoc^, 


OPERATIONS  AT  RIVER  STATIONS,  1897. 


LAMBBBTVILLE  STATION  ON  DELAWARE  BIYEB. 

Observations  of  height  of  Delaware  Eiver  were  begun  on  July  23, 
1897,  at  the  covered  toll  bridge  at  Lambertville,  New  Jersey,  a  town  on 
the  Belvidere  Division  of  the  Pennsylvania  Railroad,  16  miles  above 
Trenton.  When  visited,  there  was  found  to  be  an  old  gage  on  the 
bridge  pier;  later  in  the  season  the  water  receded  below  the  end  of 
this  scale.  A  new  gage  was  therefore  put  in  place,  consisting  of  a 
stamped  link  brass  chain  33  feet  long  with  a  6-pound  sash  weight 
attached.  The  chain  runs  over  a  pulley,  the  scale  being  a  horizontal 
board  22  feet  in  length,  graduated  to  tenths  of  a  foot,  fastened  to  the 
studding  ot  the  bridge  and  inclosed  in  a  wooden  cover.  The  zero  of 
the  gage  chain  is  marked  by  a  copper  rivet.  It  reads  2  feet  when  the 
water  is  at  zero  on  the  old  gage  of  the  bridge  pier.  The  observer  is 
Charles  H.  Kaylor,  collector  of  toll.  Measurements  are  made  from  the 
windows  of  this  covered  bridge.  The  initial  point  for  soundings  is  on 
the  left  bank.  The  channel  above  and  below  is  nearly  straight,  the 
water  being  sluggish  for  a  short  space  on  the  left  side.  The  right  bank 
is  high  and  the  bed  of  the  stream  is  of  gravel  and  sand.  A  measure- 
ment was  made  on  July  22, 1897,  by  Arthur  P.  Davis,  when  the  water 
stood  at  5.50  feet  on  the  new  gage,  the  discharge  being  21,831  second- 
feet;  and  another  on  September  14, 1897,  by  E.  G.  Paul,  when  the  gage 
height  was  3.42  ^t  and  the  discharge  5,308  second-feet. 

Daily  gage  height^  infeei,  of  Delaware  River  at  Lambertville,  New  Jersey,  for  1897. 
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OPERATIONS  AT   RIVER  STATIONS,  18^. 


HABBISBUBG  STATION  ON  SUSQUEHANNA  BIVEB. 

ObservationB  of  the  height  of  water  in  the  Sasquehanna  Biver  have 
been  made  for  several  years  at  the  pamp  hoase  of  the  waterworks; 
located  in  the  western  part  of  the  city  of  Harrisbarg,  Pennsylvania. 
This  well  is  connected  directly  with  the  river  by  means  of  large  water 
mains.  A  float  in  this  well  is  attached  to  a  cable  and  counterweight,  the 
height  of  water  being  indicated  upon  a  painted  scale.  The  datamis 
the  low-water  mark  of  1804.  Observations  are  made  by  the  engineer, 
G.  M.  Nagle,  each  morning  before  starting  the  pumps.  The  record  since 
1890  has  been  ftimished  by  Mr.  E.  Mather,  president  of  the  Harrisbarg 
Water  Company.  Measurements  of  the  discharge  are  made  from  tbe 
open  iron  bridge  on  Second  street.  The  initial  point  for  sounding  is 
the  iron  upright  at  the  east  end  of  the  bridge.  The  channel  above  and 
below  the  station  is  straight  for  about  2,500  feet.  The  banks  are  high 
and  the  current  has  moderate  velocity.  The  stream  is  divided  into  two 
channels,  with  a  large  island  between.  The  first  measurement  was 
made  on  March  31, 1897,  by  E.  G.  Paul. 

The  results  of  measurements  during  1897  are  as  follows : 

March  31,  gage  height,  5.42  feet ;  discharge,  58,859  second-feet. 
May  15,  gage  height,  7.83  feet;  discharge,  105,888  second- feet. 
August  31,  gage  height,  1.50  feet;  discharge,  9,568  second- feet. 
September  16,  gage  height,  0.58  feet ;  discharge,  3,962  second- feet. 
November  17,  gage  height,  2.50  feet;  discharge,  17,824  second-feet. 

Daily  gage  height,  in  feet,  of  Susquehanna  Biver  at  Harrisburg,  Pennsylvania,  for  1891. 
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DMy  gage  height,  in  feet,  of  Sttequehanna  Biver  at  HarrUburg,  Penneylvania,  for  18916, 
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2.83 

2.88 
2.92 
2.92 
8.08 
8.06 
8.00 
8.00 
2.92 
2.75 
2.50 
2.58 
2.50 
2.00 
1.08 
1.76 
1.83 
1.67 
1.75 
2.00 
2.83 
2.17 
2.50 
2.67 
8.17 
8.50 
4.88 
4.50 
4.83 
4.67 

4.60 
4.00 
8.68 
8.25 
3.00 
2.67 
2.83 
2.83 
3.83 
6.25 
6.17 
5.92 
5.67 
5.00 
4.42 
4.00 
8.50 
8.88 
8.08 
8.00 
2.92 
2.67 
2.50 
2.50 
2.67 
8.60 
4.50 
10.88 
18.00 
12.00 
10.68 

9.75 
9.00 
8.50 
11.76 
14.88 
14.07 
18.17 
11.83 
9.50 
7.83 
7.00 
6.42 
5.67 
5.33 
4.75 
4.76 
4.33 
4.88 
4.00 
8.83 
3.67 
8.50 
8.42 
8.60 
8.60 
8.68 
3.68 
8.50 
8.88 
3.17 

6.92 
5.60 
6.17 
7.68 
12.60 
12.00 
11.25 
9.00 
7.07 
7.00 
7.42 
7.00 
6.42 
5.42 
4.67 
4.17 
8.75 
8.68 
3.60 
8.50 
8.67 
4.00 
3.67 
3.60 
8.07 
4.17 
3.68 
3.25 
8.60 
4.83 

4.67 
4.33 
3.75 
3.67 
3.60 
8.68 
3.42 
3.42 
3.43 
3.00 
2.83 
2.60 
2.17 
2.17 
2.83 
2.42 
2.42 
2.25 
2.25 
2.08 
2.00 
1.75 
1.67 
1.67 
1.67 
1.58 
1.50 
1.50 
1.50 
1.42 
1.67 

1.92 
2.00 
1.83 
2.00 
3.00 
2.83 
2.83 
8.00 
2.67 
2.42 
2.17 
2.08 
2.42 
2.50 
8.50 
4.17 
4.00 
3.50 
2.83 
2.67 
2.83 
2.17 
1.92 
1.83 
1.92 
2.17 
2.00 
2.00 
2.00 
2.26 
3.00 

2.92 
2.60 
2.83 
2.17 
2.00 
1.83 
1.83 
1.75 
1.67 
1.50 
1.50 
1.42 
1.42 
1.60 
2.83 
2.83 
2.08 
1.83 
1.07 
1.50 
1.50 
1.60 
1.88 
1.17 
1.17 
1.26 
1.26 
1.26 
1.08 
1.96 

1.08 

1.26 

1.42 

1.25 

1.06 

1.08 

1.00 

1.00 

1.00 

1.00 

1.00 

.92 

.02 

.83 

.83 

.83 

.88 

.83 

.83 

.83 

.83 

.83 

.83 

.83 

.75 

.68 

.58 

.58 

.58 

.68 

.60 

0.50 

.60 

.50 

.60 

.60 

.50 

.60 

.60 

.75 

.92 

1.00 

1.17 

1.17 

1.17 

1.25 

1.25 

1.25 

1.26 

1.92 

2.60 

2.60 

2.92 

8.68 

8.33 

2.92 

2.50 

2.08 

2.00 

2.00 

1.92 

1.92 
1.83 
1.75 
1.68 
1.68 
1.60 
1.60 
1.60 
1.58 
1.67 
2.42 
4.26 
4.00 
8.50 
3.08 
2.83 
2.92 
2.67 
2.68 
2.50 
2.42 
2.08 
1.50 
.92 
1.08 
2.58 
2.00 
2.25 
2.25 
2. 25 
2.17 

a 

3 

4 

5 

6 

7 

8 

0 

10 

11 

12 

13 

14 

15 

16 

18 

20 

22 

23 

24 

25 

26 

28 

30 

Daily  gage  height,  in  feet,  of  Susquehanna  Miver,  at  Harriehurg,  Pennsylvania,  for  189S, 


Day. 

Jan. 

Feb. 

Mar. 

Apr. 

May. 

June. 

July. 

Ang. 

Sept. 

Oct 

Nov. 

Deo. 

1 

2.00 
2.50 
2.83 
2.83 
2.75 
2.67 
2.60 
2.50 
2.50 
2.60 
2.25 
2.25 
2.08 
2.08 
2.08 
2.00 
2.00 
2.00 
2.00 
2.00 
2.00 
2.00 
2.00 
2.00 
2.00 
2.00 
2.00 
2.00 
2.00 
2.33 
2.50 

2.07 
8.00 
4.00 
4.17 
5.00 
6.08 
6.00 
6.83 
5.42 
6.42 
7.75 
11.58 
7.50 
6.50 
6.68 
5.25 
7.76 
6.75 
6.83 
6.33 
4.07 
4.25 
3.50 
8.00 
8.00 
3.00 
2.92 
2.76 

2.68 

2.68 

2.75 

2.75 

2.75 

2.50 

2.60 

2.67 

3.08 

6.50 

12.60 

13.83 

14.60 

14.68 

13.00 

12.26 

10.60 

8.83 

7.33 

6.67 

6.92 

5.58 

5.67 

6.83 

7.25 

7.75 

9.42 

8.67 

7.83 

7.83 

6.50 

6.08 
6.00 
6.42 
7.60 
7.92 
8.92 
9.50 
8.88 
&00 
8.42 
10.00 
9.42 
8.42 
7.76 
7.42 

ao8 

8.83 

8.92 

7.75 

6.92 

7.00 

10.00 

10.92 

10.50 

8.02 

7.67 

6.88 

6.17 

5.67 

6.17 

4.92 
4.83 
5.60 
6.83 
16.17 
16.60 
14.68 
12.00 
9.92 
8.25 
7.00 
6.17 
6.50 
6.00 
4.76 
4.68 
5.92 
8.50 
9.75 
9.00 
7.68 
7.00 
6.25 
6.58 
6.42 
4.92 
4.50 
4.33 
4.17 
3.92 
3.67 

8.67 
8.67 
8.60 
3.68 
8.68 
3.17 
3.00 
3.00 
3.00 
2.83 
2.67 
2.58 
2.50 
2.33 
2.08 
2.00 
1.92 
1.83 
1.76 
1.75 
1.75 
1.68 
1.68 
1.75 
1.76 
2.00 
2.25 
2.50 
2.75 
2.60 

2.38 
2.17 
2.08 
1.92 
1.92 
1.67 
1.67 
1.68 
1.50 
1.50 
1.50 
1.50 
1.50 
1.50 
1.76 
1.83 
1.83 
1.07 
1.67 
1.67 
1.67 
1.60 
1.42 
1.83 
1.26 
1.17 
1.08 
1.08 
1.83 
.92 
.92 

0.92 
.83 
.83 
.83 
.75 
.76 
.67 
.67 
.68 
.68 
.50 
.50 
.42 
.42 
.42 
.33 
.38 
.83 
.33 
.67 
.58 
.60 
.42 
.42 
.33 
.42 
.50 
.50 
1.00 
3.00 
3.08 

3.58 
4.17 
3.92 
3.50 
2.67 
2.25 
2.00 
1.76 
1.67 
1.50 
1.50 
1.67 
2.00 
2.00 
1.83 
2.00 
2.60 
2.67 
4.42 
3.67 
3.25 
2.83 
2.50 
2.33 
2.33 
2.17 
2.00 
2.00 
2.00 
2.00 

2.00 
2.00 
1.83 
1.67 
1.60 
1.50 
1.42 
1.42 
1.42 
1.33 
1.33 
1.33 
1.25 
1.67 
4.67 
5.33 
6.26 
4.25 
3.83 
3.42 
3.00 
2.60 
2.50 
2.33 
2.25 
2.26 
2.25 
2.00 
2.00 
2.00 
2.17 

2.17 

2.17 
2.17 
2.17 
2.83 
3.00 
3.25 
2.83 
2.75 
2.50 
2.60 
2.42 
2.33 
2.17 
2.08 
2.00 
1.92 
1.83 
1.76 
1.76 
1.67 
1.58 
1.68 
1.67 
1.67 
1.58 
1.58 
1.75 
2.88 
3.67 

4.00 
8.83 
8.67 
3.67 
8.67 
8.50 
3.17 
3.00 
3.00 
2.92 
2.83 
2.83 
2.83 
2.60 
2.00 
2.26 
2.42 
5.76 
8.83 
7.08 
6.00 
6.92 
4.42 
3.92 
3.83 
8.83 
4.83 
6.92 
6.83 
6.17 
4.67 

2 

8 

4 

6 

6 

7 

8 

0 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

26 

27 

28, 

29 

30 

81 
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OPERATIONS   AT   RIVER  STATIONS,  1897. 


Daily  gage  height,  in  feetf  of  Susquehanna  Biver  at  HarrUhurg,  PennsglvaniOf  for  1894. 


Day. 


1 
2 
8 
4 

6 
6 
7 
8 
9 
10 
11 
12 
13 
14 
16 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 


Jan. 

Feb. 

Mar. 

Apr. 

4.6 

2.41 

3.16 

3.83 

4.5 

2.33 

8.33 

8.66 

4.0 

2.25 

8.60 

3.50 

3.66 

2.16 

3.75 

3.25 

3.5 

2.08 

4.08 

3.16 

3.33 

2.00 

5.66 

3.0U 

3.41 

2.00 

7.66 

2.91 

5.16 

2.00 

11.33 

2.83 

6.25 

2.08 

12. 16 

2.75 

4.58 

3.50 

J0.&3 

2.76 

3.75 

5.00 

8.50 

2.83 

3.33 

6.00 

9.83 

3.00 

2.50 

5.66 

7.16 

3.26 

3.16 

4.68 

7.00 

3.66 

3.16 

4.33 

6.41 

6.33 

2.83 

3.66 

6.83 

7.58 

2.66 

3.33 

6.50 

9.08 

2. 83 

3.33 

5.U8 

9.08 

2.83 

3.33 

4.83 

8.50 

3.00 

4.10 

4.58 

7.50 

2.83 

5.66 

4.60 

6.75 

2.83 

5.33 

4.33 

8.50 

2.68 

5.16 

4.50 

9.41 

2.41 

4.33 

4.66 

9.58 

2.41 

8.33 

6.50 

9.91 

2.41 

2.91 

7.00 

9.00 

2.41 

2.33 

6.33 

7.25 

2.50 

2.50 

6.60 

6.0U 

2.58 

4.91 

5.41 

2.58 

4.33 

6.00 

2.50 

4.00 

May. 


4.68 
4.50 
4.16 

8.8:) 

3.50 

3.16 

3.25 

3.33 

3.50 

3.50 

3.50 

3.08 

2.91 

2.75 

2.50 

2.50 

2.33 

2.33 

2.33 

6.33 

16.33 

23.68 

21.41 

1.<>.25 

11.83 

11.33 

11.66 

9.50 

7.91 

7.00 

7.50 


Jane. 


9.50 
9.66 
9.16 
8.58 
8.41 
7.91 
6.76 
6.00 
6.50 
5.00 
4.66 
4.00 
3.75 
3.66 
8.66 
3.56 
3.41 
3.16 
3.00 
3.60 
3.41 
3.08 
2.83 
2.50 
2.50 
2.66 
2.68 
2.66 
2.41 
2.76 


July. 


Aug. 


2.68 
2.41 
2.33 
2.26 
2.00 
2.00 
1.83 
1.83 
1.75 
1.66 
1.58 
1.60 
1.41 
1.41 
1.33 
1.33 
1.25 
1.10 
1.08 
1.08 
1.08 
1.08 
1.00 
1.08 
1.25 
1.41 
1.50 
1.60 
1.41 
1.16 
1.08 


1.08 

1.08 

1.33 

1.50 

1.66 

1.58 

1.60 

1.50 

1.08 

1.08 

1.06 

1.00 

1.00 

1.00 

1.00 

1.00 

1. 00 

1.00 

.91 

.91 

.83 

.83 

.76 

.75 

.75 

.75 

.66 

.66 

.68 

.50 

.41 


Sept. 


0.33 

.33 

.33 

.33 

.25 

.25 

.33 

.33 

.41 

1.00 

1.91 

1.50 

1.33 

1.25 

1.25 

1.16 

1.08 

1.06 

2.16 

4.08 

5.00 

5.50 

5.66 

4.83 

4.00 

3.41 

3.00 

2.58 

2.26 

2.08 


Oct.    Not. 


1.91 
1.83 
1.58 
1.58 
1.41 
1.41 
1.83 
1.33 
1.25 
1.33 
2.08 
4.91 
5.58 
5.08 
4.66 
4.16 
3.83 
3.66 
3.41 
3.00 
2.75 
2.50 
2.33 
2.16 
2.33 
3.58 
4.75 
4.83 
4.33 
4.00 
3.75 


Dee. 


5.08 
5.25 
6.41 
7.50 
7.66 
7.58 
7.16 
7.00 
6.50 
6.00 
6.50 
5.33 
4.66 
4.50 
4.00 
3.91 
3.68 
3.50 
3.25 
3.16 
3.08 
3.25 
3.16 
3.00 
3.00 
2.83 
2  66 
2.58 
2.58 
2.50 


141 

2.31 

150 

191 

3.  SO 

3.58 

3.58 

3.33 

100 

3.00 

133 

4.00 

4.33 

5.75 

&16 

6.33 

5.75 

5.16 

4.« 

4.33 

4.08 

183 

158 

ISO 

133 

108 

?.00 

100 

4.00 

106 

106 


Daily  gage  height,  in  feet,  of  Susquehanna  Siver  at  Barrinhurg^  Pennsylvania,  for  1S9^ 


Day. 

Jan. 

Feb. 

Mar. 

Apr. 

May. 

June. 

July. 

Aug. 

Sept. 

Oct. 

Nov. 

Dec 

1 

3.92 
4.00 
4.25 
4.33 
4.33 
4.33 
4.33 
4.50 
4.75 
6.17 
7.42 
7.83 
8.50 
7.83 
6.75 
6.25 
5.75 
5.42 
5.00 
4.50 
4.42 
4.33 
4.00 
4.00 
3.33 
3.25 
3.06 
3.08 
3.08 
3.25 
3.00 

2.92 
2.83 
8.00 
3.00 
7.00 
6.67 
6.75 
5.67 
6.50 
5.60 
6.68 
5.92 
6.83 
6.83 
6.67 
6.58 
6.50 
5.50 
6.83 
5.25 
5.17 
5.08 
5.00 
4.92 
4.75 
4.58 
4.50 
4.76 

6.00 
6.58 
8.08 
10.50 
7.83 
7.67 
6.67 
6.25 
6.83 
6.17 
6.17 
6.33 
6.17 
6.00 
6.50 
6.75 
6.67 
6.33 
6.67 
6.60 
6.33 
6.17 
6.00 
6.00 
6.00 
5.83 
8  00 
9.00 
8.00 
7.17 
6.83 

5.75 
6.67 
6.17 
6.83 
6.67 
6.17 
6.00 
5.76 
8.06 
12.00 
13.67 
12.50 
10.92 
9.60 
10.00 
9.75 
8.76 
7.68 
6.67 
6.00 
6.50 
5.00 
4.58 
4.33 
4.00 
3.75 
3.58 
3.75 
3.75 
3.60 

3.42 
3.33 
3.25 
3.00 
2.75 
2.67 
2.50 
2.42 
2.25 
2.75 
3.00 
3.33 
3.67 
4.33 
4.33 
4.17 
4.08 
3.67 
3.50 
3.33 
3.17 
3.08 
2.92 
2.73 
2.68 
2.50 
2.50 
2.42 
2.42 
3.08 
3.00 

2.67 
2.58 
2.60 
2.26 
2.08 
1.92 
1.83 
1.76 
1.75 
1.68 
1.33 
1.42 
1  33 
1.26 
1.25 
1.25 
1.25 
1.25 
1.25 
1.25 
1.17 
1.00 
.75 
.75 
.75 
1.50 
1.50 
1.60 
2.00 
3.50 

2.83 

2.67 

2.92 

2.60 

2.26 

2.00 

1.92 

1.75 

1.58 

1.60 

1.60 

1.42 

1.33 

1.33 

1.25 

1.25 

1.08 

1.00 

.92 

.92 

.83 

.83 

.83 

.83 

.83 

.83 

.83 

.83 

.75 

.58 

.42 

0.58 

.67 

.67 

.67 

.58 

.50 

.50 

.83 

.76 

1.00 

1.08 

1.08 

1.08 

.92 

1.33 

1.33 

1.08 

1.00 

1.00 

.92 

.83 

.58 

.60 

.60 

.42 

.33 

.33 

.33 

.33 

.33 

.60 

0.75 
.75 
.67 
.67 
.56 
.58 
.75 
.76 
.67 
.50 
1.00 
1.50 
1.56 
1.42 
1.00 
.83 
.67 
.58 
.67 
.67 
.67 
.58 
.58 
.68 
.58 
.50 
.50 
.42 
.42 
.42 

0.42 
.42 
.33 
.33 
.33 
.33 
.33 
.25 
.25 
.21 
.21 
.21 
.33 
.29 
.29 
.25 
.25 
.42 
.58 
.50 
.42 
.42 
.33 
.26 
.25 
.21 
.13 
.06 
.08 
.04 
.04 

0.21 
.21 
.25 
.25 
.33 
.38 
.38 
.42 
.42 
.42 
.42 
.46 
.50 
.58 
.58 
.58 
.67 
.83 
1.00 
1.00 
.92 
.79 
.67 
.75 
.75 
.75 
.75 
2.67 
2.83 
2.83 

108 

2 

108 

8 

175 

4 

150 

5 

125 

6 

100 

7 

l.« 

8 

1.92 

9 

1.08 

10 

1.83 

11 

.50 

12 

1.50 

18 

.96 

14 

.75 

16 

1. 00 

16 

1.00 

17 

1.33 

18 

1.33 

19 

1.33 

20 

1.33 

21 

L50 

22 

1.83 

23 

lOO 

24 ... 

26 

167 
175 

26 

183 

27 

133 

28 

150 

29 

6.08 

80 

31 

5.67 
5.67 

■n 
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Daily  gage  height,  in  feet,  of  Suaquehamna  Biver  at  Harrishurg,  Penneylvania,  for  1896, 


D.y. 


1. 

2. 

H. 

4. 

5. 

6. 

7. 

8. 

9. 
10. 
11. 
12. 
13. 
14. 
15. 
16. 
17. 
18. 
19. 
20. 
21. 
22. 
23. 
24. 
25. 
26. 
27. 
28. 
29. 
30. 
31. 


Jan. 


9.92 
9.17 
8.42 
6.50 
5.08 
4.00 
3.83 
8.00 
4.67 
4.33 
4.08 
4.00 
3.92 
4.00 
3.83 
3.83 
3.75 
3.58 
3.67 
4.00 
3.67 
3.50 
8.60 
3.  SO 
4.00 
7.25 
7.33 
6.17 
6.00 
5.76 
6.42 


Feb. 


4.50 
3.76 
3.58 
3.58 
3^50 
4.00 
11.60 
12.50 
10.33 
8.50 
6.83 
5.  :i3 
4.02 
4.25 
3.75 
3.75 
3.83 
3.58 
2.92 
3.00 
2.33 
3.67 
5.42 
5.42 
3.42 
8.60 
3.67 
8.17 
3.1* 


7.17 
9.17 
9.75 
8.42 
7.17 
5.50 
5.0O 
4.75 
4.50 
4.83 
5.08 
4.67 
4.00 
3.50 
2.67 
2.67 
2.33 
2.50 
3.17 
4.00 
6.00 
5.76 
6.75 
6.25 
5.58 
5.00 
5.25 
6.06 
6.50 
9.25 
12.50 


▲pr. 


May. 


14.68 

14.68 

13.75 

12.83 

10.50 

8.83 

7.25 

6.50 

6.17 

5.83 

5.50 

5.50 

6.00 

6.42 

8.00 

8.42 

8.17 

7.ai 

6.83 
6.33 
6.75 
5.25 
4.83 
4.58 
4.83 
4.08 
4.00 
3.58 
3.42 
3.25 


3.00 
3.00 
2.83 
2.83 
2.67 
2.50 
2.42 
2.17 
2.08 
2.00 
2.00 
1.92 
1.75 
1.67 
1.67 
1.75 
1.68 
1.50 
1.50 
1.50 
1.50 
1.42 
1.42 
1.42 
1.83 
1.25 
1.17 
1.25 
1.50 
1.50 
1.50 


Jane. 


July. 


1.50 
1.50 
1.75 
1.83 
1.67 
1.67 
1.67 
1.68 
1.42 
1.75 
2.50 
2.68 
8.42 
3.25 
2.92 
2.58 
2.68 
2.83 
2.67 
3.00 
8.17 
3.00 
2.42 
2.33 
2.25 
2.67 
4.75 
4.00 
3.50 
3.08 


2.67 
2.42 
2.08 
1.83 
1.75 
1.67 
2.17 
2.00 
1.92 
2.33 
2.75 
2.75 
2.50 
2.17 
2.00 
1.83 
1.67 
1.58 
1.67 
1.67 
1.92 
1.67 
1.68 
1.67 
1.67 
1.76 
1.02 
2.50 
2.50 
3.76 
4.83 


Aug, 


4.67 

4.83 

3.83 

3.76 

3.67 

3.58 

2.50 

2.33 

2.33 

2.25 

2.25 

2.00 

1.83 

1.67 

1.67 

1.58 

1.58 

1.68 

1.33 

1.26 

1.00 

.88 

.83 

.83 

.83 

.75 

.75 

.67 

.58 

.50 

.33 


Sept. 


0.33 
.33 
.33 
.83 
.25 
.25 
.25 
.25 
.26 
.25 
.25 
.25 
.25 
.33 
.33 
.33 
.50 
.50 
.58 

.67 
.83 
1.17 
1.17 
.92 
.75 
.58 
.50 
.42 
.83 


Oct. 


5.42 
4.25 
4.00 
3.17 
2.67 
2.08 
1.83 
1.67 
1.50 
1.50 
1.50 
1.50 
1.92 
7.33 
7.00 
9.50 
7.67 
5.58 
4.83 
4.06 
3.58 
3.42 
8.25 
3.00 
3.00 
3.00 
2.75 
2.67 
2.50 
2.42 
2.25 


JSTov. 


Dec. 


2.08 
1.92 
1.83 
1.83 
1.83 
7.26 
10.08 
7.75 
6.50 
5.67 
4.75 
4.42 
4.17 
4.00 
3.83 
3.67 
3.50 
3.33 
3.17 
3.00 
2.83 
2.67 
2.58 
2.50 
2.50 
2.33 
2.33 
2.42 
2.67 
3.50 


3.92 
3.92 
3.83 
3.33 
3.00 
2.75 
2.67 
2.60 
2.50 
2.67 
3.42 
3.';5 
4.00 
4.25 
3.83 
3.67 
3.42 
3.08 
2.92 
2.58 
2.33 
2.00 
2.00 
1.50 
1.50 
1.60 
1.50 
1.60 
1.33 
1.58 
1.76 


Daily  gage  height,  in  feet,  of  Susquehanna  Biver  at  Harrishurg,  Pennsylvania,  for  1897 


Day. 


1. 
2. 
3. 
4. 

6. 
6. 
7. 

a. 

9. 
10. 
11. 
12. 
13. 
14. 
15. 
16. 
17. 
18. 
19. 

ao. 

21 
22. 
23. 
24. 

25. 
26. 
27. 
28. 
29. 
30. 
81. 


Jan. 

Feb. 

Mar. 

Apr. 

May. 
3.08 

June. 

July. 

1.83 

3.33 

4.25 

5.00 

2.92 

1.42 

2.00 

3.17 

3.67 

4.67 

3.08 

2.83 

1.33 

2.00 

3.17 

3.25 

4.33 

5.50 

2.67 

1.25 

2.08 

8.17 

8.83 

4.17 

6.50 

2.58 

1.25 

2  50 

3.08 

4.92 

4.00 

7.60 

2.67 

1.25 

3.00 

3.00 

6.92 

3.83 

7.08 

3.00 

1.25 

8.67 

4.25 

7.67 

3.75 

7.00 

2.67 

1.42 

3.67 

7.60 

8.58 

3.75 

0.33 

2.60 

1.42 

8.67 

6.58 

8.00 

3.75 

5.50 

2.67 

1.25 

3.33 

6.42 

6.92 

6.92 

4.83 

2.67 

1.25 

8.08 

4.83 

6.50 

9.00 

4.50 

2.67 

1.17 

2.83 

4.50 

7.26 

9.50 

4.00 

2.67 

1.08 

2.42 

8.92 

8.67 

8.00 

4.00 

8.00 

1. 00 

2.00 

3.83 

8.42 

6.83 

6.00 

3.50 

1.08 

2.00 

3.83 

7.75 

6.00 

7.75 

3.25 

1.00 

2.00 

3.50 

7.00 

6.00 

7.92 

2.92 

1.00 

2.00 

3.60 

6.92 

6.58 

7.33 

2.67 

1.17 

2.17 

3.33 

6.50 

7.00 

6.50 

2.50 

1.17 

2.33 

8.68 

5.00 

6.66 

5.75 

2.25 

1.08 

2.00 

4.08 

5.33 

6.00 

5.00 

2.17 

1.08 

1.83 

4.00 

7.42 

5.50 

4.25 

2.17 

1.50 

1.83 

4.25 

8.25 

4.92 

4.00 

2.17 

1.60 

1.02 

6.92 

9.76 

4.50 

3.58 

2.00 

1.33 

1.67 

7.92 

9.50 

4.17 

3.50 

1.83 

1.33 

1.67 

7.50 

10.17 

3.83 

3.75 

1.76 

1.58 

.50 

6.50 

11.50 

3.67 

3.75 

1.76 

1.75 

3.83 

5.50 

10.67 

3.58 

3.50 

1.67 

1.75 

3.38 

4.60 

8.00 

3.60 

3.58 

1.58 

2.17 

3.00 

7.42 

3.33 

3.92 

1.58 

3.83 

3.25 

6.83 

3.17 

3.50 

1.50 

4.60 

8.33 

6.58 

3.25 

4.08 

4.00 

4.3:) 

3.  8:{ 
3.25 
2.8:i 
2.67 
2.42 
2.67 
2.50 
2.08 
2.08 
2.00 
1.83 
1.75 
1.58 
1.58 
1.60 
1.60 
1.42 
1.42 
1.33 
1.17 
1.17 
1.25 
1.67 
2.67 
2.08 
1.75 
1.58 
1.50 
1.33 


Sept. 


1.25 

1.08 

1.00 

1.00 

1.00 

.92 

.83 

.83 

.83 

.83 

.76 

.67 

.67 

.67 

.50 

.58 

.67 

.75 

.75 

.67 

.68 

.68 

.58 

1. 00 

1.50 

1.50 

1.83 

1.92 

2.25 

2.00 


Oct. 


1.75 

1.50 

1.33 

1.17 

1.08 

1.00 

1.00 

.92 

.83 

.67 

.67 

.58 

.75 

.76 

.75 

.75 

.67 

.67 

.58 

.58 

.50 

.58 

.75 

.75 

1.00 

1.00 

1.00 

.92 

.83 

.75 

.75 


Nov. 


Dec. 


0.67 
1.17 
3.08 
4.08 
3.50 
3.08 
3.00 
2.75 
2.50 
2.50 
2.67 
2.67 
2.50 
2.50 
2.50 
2.60 
2.50 
2.67 
2.92 
3.42 
3.25 
8.17 
2.83 
2.50 
2.50 
2.50 
2.33 
2.50 
3.50 
4.92 


5.00 
4.50 
4.00 
3.76 
3.33 
4.75 
5.17 
5.08 
5.42 
4.92 
4.33 
4.17 
4.17 
4.83 
4.58 
6.58 
7.67 
8.17 
7.33 
6.83 
5.58 
5.00 
4.08 
3.83 
8.42 
2.83 
2.75 
2.67 
2.67 
2.58 
2.50 
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OPERATIONS   AT   RIVER   STATIONS,  1897. 


ROWIiANDSYILLE  STATION  ON  OGTORABO   OREEK. 

This  station,  described  on  page  16  of  the  Eighteenth  Annual  Bepoit 
of  this  Survey,  Part  IV,  was  established  Ifovember  21,  1896,  at  the 
wagon  bridge  in  the  village  of  Bowlandsville,  Maryland.  A  wire  gage 
was  attached  to  the  floor  timber  on  the  upper  side  of  the  bridge.  The 
observer  is  Hugh  W.  Caldwell.  The  bench  mark  for  the  gage  is  a  cron 
cut  in  top  of  capstone  on  the  lower  side  of  the  bridge  abutment  on  the 
left  bank  of  the  stream,  and  is  18.83  feet  above  the  zero  of  the  gage. 
Observations  of  height  of  water  were  begun  at  this  point  on  November 
22, 1896,  the  height  during  the  remainder  of  that  year  ranging  from  3 
to  3.20  feet,  except  in  the  case  of  a  flood  on  November  29  rising  to  430 
feet.  The  following  measurements  have  been  made  by  Hugh  W. 
Caldwell: 

November  21, 1896;  gage  height,  3.00  feet;  diBoharge,  138  seoond-feet. 
January  23,  1897,  gage  height,  3.42  feet;  discharge,  248  secoDd-feet. 
July  21,  gage  height,  3.45  feet;  discbarge,  264  second-feet. 
Angust  16,  gage  height,  3.10  feet;  discharge,  175  second-feet. 
August  31,  gage  height,  2.80  feet;  discbarge,  138  second-feet. 
September  18,  gage  height,  2.90  feet;  discbarge,  136  second-feet. 
October  22,  gage  height,  3.10  feet;  discharge,  138  second-feet. 
November  2,  gage  height,  6.00  feet;  discharge,  1,843  second- feet. 
November  3,  gage  height,  4.00  feet;  discharge,  444  second-feet. 


Daily  gage  height,  in  feet,  of  Octoraro  Creek  at  Bowlandwille,  Marylamd,  for  18S7. 


Dftj. 


1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

26 

27 

28 

29 

80 

31 


Jan. 

Feb. 

Mar. 

Apr. 

May. 

June. 

July. 

Aug. 

S«pt. 

Oct. 

8.10 

8.20 

8.45 

8.30 

3.40 

3.40 

3.00 

3.40 

2.80 

2.80 

3.10 

3.20 

8.60 

8.80 

3.40 

3.40 

8.00 

3.30 

2.80 

2.80 

8.10 

4.80 

3.50 

8.80 

8.60 

8.40 

3.00 

8.30 

2.80 

2.80 

3.10 

8.55 

3.50 

8.30 

8.50 

8.40 

3.00 

3.30 

2.80 

2.80 

3.15 

8.45 

3.50 

3.30 

3.4C 

5.45 

3.00 

3.30 

2.80 

2.80 

8.10 

8.68 

3.45 

8.30 

8.30 

8.70 

2.90 

3.20 

2.80 

2.80 

3.10 

10.10 

3.40 

3.30 

3.80 

3.70 

2.90 

8.20 

2.80 

2.80 

8.10 

9.20 

3.40 

3.30 

8.30 

8.45 

2.90 

3.20 

2.80 

2.80 

3.10 

7.50 

3.30 

4.60 

8.20 

3.40 

2.90 

8.30 

2.80 

2.80 

3.10 

5.40 

8.30 

5.50 

8.20 

3.30 

2.90 

3.30 

2.80 

2.80 

8.10 

3.50 

8.80 

6.15 

8.20 

8.30 

2.90 

5.10 

2.80 

2.00 

3.10 

3.85 

8.20 

5.65 

3.20 

8.30 

2.90 

3.40 

2.80 

2.85 

8.10 

8.30 

8.20 

4.55 

4.85 

8.30 

2.00 

8.80 

2.80 

2.80 

8.10 

3.30 

3.20 

3.85 

5.00 

8.20 

2.90 

3.20 

2.80 

2.80 

8.10 

8.40 

8.20 

8.60 

5.00 

8.20 

2.90 

3.10 

2.80 

2.80 

3.10 

4.55 

8.20 

3.50 

8.75 

3.20 

2.90 

3.10 

2.80 

2.80 

8.10 

4.05 

3.20 

3.50 

8.65 

8.20 

2.90 

8.10 

3.05 

2.80 

8.10 

3.55 

3.40 

3.45 

8.40 

8.20 

2.90 

3.00 

2.90 

2.80 

8.10 

3.60 

4.15 

3.45 

8.80 

3.20 

3.10 

2.90 

2.90 

2.00 

3.10 

8.40 

3.60 

3.40 

8.30 

8.20 

3.10 

2.90 

2.90 

2.90 

6.70 

3.45 

3.40 

8.30 

3.40 

3.20 

8.75 

3.05 

2.80 

3.00 

6.65 

3.45 

3.40 

3.30 

3.65 

3.20 

8.85 

8.05 

2.80 

3.05 

4.45 

6.00 

3.40 

3.20 

3.40 

8.10 

3.55 

3.00 

3.20 

3.20 

3.30 

8.80 

4.20 

3.20 

8.40 

3.10 

3.40 

3.00 

8.20 

8.20 

8.20 

3.45 

3.95 

8.20 

5.05 

3.10 

3.80 

3.00 

3.10 

3.20 

3.30 

3.35 

8.55 

3.20 

4.80 

8.10 

3.30 

3.00 

8.00 

8.20 

8.20 

8.40 

3.40 

3.20 

3.90 

3.10 

4.25 

2.00 

3.00 

3.20 

8.20 

8.40 

3.30 

3.20 

8.50 

8.10 

8.05 

2.90 

8.00 

3.10 

8.20 

8.30 

3.20 

8.40 

8.00 

8.65 

2.80 

2.90 

8.10 

8.20 

3.30 

3.20 

3.40 

8.00 

8.50 

2.80 

2.80 

8.00 

8.20 

8.80 

3.40 

8.40 

2.80 

3.00 

KOT. 


8.10 
OwOO 
4.  LI 
3.70 
3.40 
3.40 
3.30 
3.65 
3.60 
3.60 
3.70 
3.45 
3.35 
3.30 
3.20 
3.20 
3.20 
8.30 
8.30 
8.30 
3.20 
3.30 
3.20 
8.20 
3.  SO 
3.20 
4.86 
4.10 
3.6B 
S.40 


Deo. 


3.30 
3.40 
3.45 
l» 
135 
3.70 
145 
3.30 
3.30 
3.30 

lao 

3.40 
3.30 
ift 

4.  SO 
3.16 
3.70 

lao 

3.60 
8.50 
3.50 
3.40 
3.30 
3.30 
3.30 
3.35 
150 

l» 
3.4» 
140 
3.60 


CHESAPEAKE   BAY   WATERSHED. 


WOODSTOCK  BTATIOH  ON   PATAP8CO  BirBB. 

This  statioD,  described  on  page  16  of  the  Eighteenth  Annaal  Report, 
'art  lY,  is  located  on  the  coaaty  bridge  on  the  road  Irom  Woodstock  to 
lranit«,  Maryland,  a  mile  and  a  half  below  thejanction  with  the^forth 
tranch.  The  palley  of  the  wire  gage  is  fastened  to  the  floor  timber  of 
he  opper  side  of  the  bridge  40  feet  from  the  initial  point  established 
or  making  soondings.  The  scale  is  a  board  spaced  to  tenths  of  a  foot 
rith  small  nails  and  nailed  to  the  gnard  timber  of  the  bridge.  The 
bannel  at  this  point  is  rongb  and  rocky,  and  is  also  liable  to  change 
□  extreme  high  water.  The  bench  mark  is  a  United  States  Geological 
iQirey  standard  copper  bolt  set  in  the  face  of  the  retaining  wall  of  the 
mtrance  to  the  college  gronnds  at  the  north  end  of  the  bridge.  It  is 
S2.06  feet  above  gage  datum.  The  gage  wire  was  renewed  October  14, 
1897.    The  observer  is  David  Donovan. 

The  following  measurements  were  made  by  E.  G.  Paul  in  1897: 


DM«. 

». 

Dsto. 

«•.. 

Dli. 

0h.tg6. 

Dkte. 

.2,X 

Dis. 

n*t. 

Bf.fl. 

Fft. 

S«.A 

JW. 

8».fl. 

Feb.  10..  . 

4.20 

345 

July  13.... 

4.20 

397 

July  22... 

6.10 

2,417 

Mar.  9.... 

i.IO 

2OT 

July  20.... 

3.80 

239 

Oot.14... 

3.35 

161 

Apr.  10... 

4.60 

S82 

July  22.... 

9.30 

6,466 

Nov.  29... 

3.60 

202 

M»yl3... 

7.30 

2,934 

July  22.... 

8.10 

4,139 

Dm.  15... 

4.70 

714 

DtMy  gage  k^ht,  in  /m1,  t^  Pataptoo 
:  Apr.lHv. 


Bietr  at  Woodtlotk,  Maryland,  for  1897. 
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OPERATIONS   AT   RIVER   STATIONS,  1897. 


LAUREL  STATION  ON  PATUXBNT  RIYBB. 

This  BtatioD,  described  on  page  18  of  the  Eighteenth  Annual  Beport 
of  this  Survey,  Part  IV,  was  established  August  3, 1896,  on  the  bridge 
on  the  main  cross  street  of  the  town  of  Laurel,  Maryland.  The  initial 
point  for  soundings  is  the  end  of  iron  truss,  upper  side.  A  wire  gage 
with  metal  weight  was  attached  to  the  lower  side  of  the  bridge,  the  scale 
being  a  14-foot  board  spaced  to  tenths  of  a  foot  with  small  nails  and 
fastened  to  the  floor  timber  of  the  bridge.  The  bench  mark  is  a  copper 
bolt  set  in  large  capstone  of  the  retaining  wall  on  the  lower  side  of  the 
bridge  abutment  on  the  left  bank  of  the  stream.  It  is  21.22  feet  above 
zero  of  gage  height.  The  flow  of  water  past  this  station  in  time  of  dry 
weather  is  confined  to  certain  hours  of  the  day,  owing  to  a  dam  at  the 
large  cotton  mill  situated  about  1  mile  up  the  stream  from  the  station. 
The  observer  is  John  H.  Phair. 

The  following  discharge  measurements  were  made  by  E.  G.  Paul  and 
others  during  1897 : 

Febraary  11,  gage  height,  5.40  feet;  discharge,  184  second-feet. 
February  23,  gage  height,  8.50  feet ;  discharge,  612  second-feet. 
March  12,  gage  height,  4.40  feet;  discharge,  155  second-feet. 
May  25,  gage  height,  8.70  feet ;  discharge,  734  second-feet. 
July  13,  gage  height,  7.85  feet;  discbarge, 539  second-feei. 
July  22,  gage  height,  13.70  feet;  discbarge,  6,144  second-feet. 
September  3,  gage  height,  4.10  feet;  discbarge,  63  second-feet. 


Daily  gage  height,  in  feetf  of  Patuxent  River  at  Laurel,  Maryland,  for  1897. 


Day. 


1 

2 

'A 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

36 

27 

28 

29 

30 

81 


Jan. 

Feb. 

Mar. 

Apr. 

5.00 

5.15 

5.15 

4.65 

4.90 

5.75 

5.05 

4.65 

3.90 

9.10 

5.00 

4.60 

4.75 

7.50 

4.85 

4.60 

4.70 

6.30 

5.00 

5.20 

4.75 

9.05 

5.10 

5.30 

4.55 

10.80 

(a) 

4.95 

4.45 

7.95 

(a) 

4.85 

4.05 

5.50 

(a) 

6.50 

3.75 

5.25 

(a) 

6.35 

4.20 

6.30 

(a) 

5.00 

4.45 

5.30 

4.50 

5.00 

4.60 

5.30 

4.95 

4.95 

4.90 

5.10 

4.75 

4.90 

5.15 

6.30 

5.20 

4.85 

4.25 

6.35 

4.70 

5.05 

3.70 

6.35 

4.95 

4.95 

4.25 

5.35 

5.45 

4.76 

4.75 

5.15 

5.45 

4.75 

4.66 

5.05 

5.65 

4.65 

4.70 

4.80 

5.50 

4.66 

5.20 

8.65 

5.20 

4.80 

5.00 

9.10 

5.00 

4.45 

4.25 

6.55 

5.0d 

3.90 

4.00 

5.60 

5.15 

4.40 

4.75 

5.30 

4.95 

4.55 

5.00 

5.20 

4.70 

4.60 

4.05 

4.85 

4.50 

4.60 

5.20 

4.75 

4.80 

5.20 

4.80 

4.55 

4.25 

4.60 

May. 


4.85 
5.75 
4.85 
4.85 
4.75 
4.80 
4.75 
4.45 
4.25 
4.65 
4.70 
4.85 
7.66 
7.35 
5.85 
5.40 
4.85 
5.00 
4.80 
4.60 
4.80 
5.05 
4.50 
5.30 
9.75 
5.25 
6.30 
4.90 
4.65 
4.35 
4.80 


June. 

July. 

Aug. 

Sept. 

Oct. 

Nov. 

4.80 

4.50 

5.60 

4.20 

4.15 

4.55 

4.80 

4.35 

5.05 

4.20 

4.25 

10.60 

4.80 

3.80 

4.75 

4.20 

3.25 

6.30 

5.05 

6.60 

4.60 

4.00 

4.45 

5.35 

5.10 

3.55 

4.85 

4.00 

4.30 

4.95 

4.45 

3.85 

4.65 

4.00 

4.10 

4.85 

4.75 

3.80 

4.30 

4.00 

3.60 

4.65 

4.75 

4.65 

4.30 

3.96 

4.30 

5.00 

5.00 

4.45 

4.40 

8.95 

4.25 

5.55 

4.75 

4.40 

4.40 

3.80 

3.46 

5.75 

4.55 

3.70 

4.35 

3.80 

4.45 

4.95 

4.20 

4.60 

4.35 

4.15 

4.60 

5.00 

4.20 

8.10 

4.30 

4.25 

4.60 

4.95 

4.50 

5.05 

4.20 

4.65 

4.56 

4.45 

4.70 

4.60 

4.20 

4.05 

4.35 

5.00 

4.00 

4.25 

8.15 

3.60 

4.15 

4.90 

4.60 

4.25 

4.60 

8.80 

3.15 

4.70 

4.45 

4.80 

4.35 

4.00 

4.35 

4.90 

4.30 

5.55 

4.30 

3.80 

4.25 

4.75 

4.15 

6.00 

4.20 

4.15 

4.15 

4.75 

4.55 

4.75 

4.15 

4.85 

4.75 

4.40 

4.40 

12.25 

7.30 

4.30 

4.46 

4.70 

4.45 

6.45 

4.60 

4.50 

4.45 

4.75 

4.40 

5.50 

4.70 

5.90 

3.96 

4.55 

4.00 

4.95 

4.45 

4.60 

4.55 

4.45 

4.36 

5.15 

6.90 

3.90 

4.90 

4.80 

3.70 

5.45 

4.45 

4.50 

4.70 

9.60 

4.65 

9.20 

4.35 

4.25 

4.70 

5.45 

4.50 

5.90 

4.20 

4.30 

4.45 

5.30 

4.40 

5.30 

4.20 

4.15 

4.45 

4.95 

4.95 

4.90 

3.00 

1 

Dec 


4.05 
4.  to 
4.85 
5.50 
7.80 
5.65 
5.35 
5.10 
5.15 
4.85 
4.85 
4.80 
5.15 
5.56 
8.70 
6.05 
5.50 
4.35 
4.90 
5.00 
4.05 
5.15 
5.00 
5.15 
5.10 
5.25 
4.95 
4.00 
4.75 
5.00 
4.95 


a  Gage  duwn, 
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CUMBERLAND   STATION   ON  POTOMAC   BIVEB. 

This  station,  described  on  page  22  of  the  Eighteenth  Annual  Eepoit 
of  this  Survey,  Part  IV,  is  1,000  feet  below  the  mouth  of  Wills  Creek 
at  Cumberland,  Maryland.  The  river  gage  consists  of  a  vertical  rod 
10  feet  long,  bolted  to  the  east  side  of  the  abutment  of  the  head  gate 
of  the  eastern  feeder  of  the  Chesapeake  and  Ohio  Canal  just  above  the 
dam.  The  top  of  the  rod,  or  the  lO-foot  mark,  is  5.40  feet  below  the  top 
of  the  abutment.  Measurements  of  the  river  are  made  from  the  West 
Virginia  Central  Bailroad  bridge,  about  200  yards  below  the  dam  across 
the  Potomac.  At  high  water  the  section  is  fairly  smooth  and  the 
velocity  high.  At  low  water,  rocks,  riffles,  and  angular  currents  appear. 
Measurements  of  the  canal  feeders  have  also  been  made  near  the  head 
gates. 

The  following  discharge  measurements  were  made  by  A.  P.  Davis, 
B.  G.  Paul,  and  G.  H.  Matthes  during  1897 : 

Febraary  10,  gage  height,  3.75  feet;  discharge,  1,307  second- feet. 
March  27,  gage  height,  3.93  feet ;  discharge,  1,995  second-feoi. 
Jane  25,  gage  height,  3.00  feet ;  discharge,  425  second-feet. 
September  1,  gage  height,  2.60  feet;  discharge,  86  second- feet. 
September  22,  gage  height,  2.70  feet;  discharge,  92  second-feet. 


Daily  gage  hmghtj  in  feet,  of  Potomac  River  at  Cumberland,  Maryland,  for  1897. 


Day. 

Jan. 

Feb. 

Mar. 

Apr. 

3.50 
3.40 
3.40 
3.70 
3.80 
3.70 
3.60 
5.20 
5.40 
4.50 
4.50 
4.10 
4.00 
3.80 
3.90 
3.90 
3  70 
3.70 
3.60 
3.70 
3.5U 
3.30 
3.80 
3.30 
3.20 
3.10 
3.00 
3.00 
3.00 
2.90 

May. 

June. 

July. 

Aug. 

Sept. 

0<)t. 

Nov. 

D«5. 

1 

3.20 
3.20 
3.30 
8.30 
4.00 
4.00 
3.70 
3.40 
3.30 
3.40 
3.20 
8.20 
3.20 
3.20 
3.20 
3.20 
3.40 
3.70 
3.50 
3.40 
3.40 
3.50 
3.40 
3.40 
3.30 
3.30 
3.30 
3.30 
3.30 
3.30 
3.30 

3.40 
3.50 
3.60 
3.40 
3.40 
8.50 
4.60 
4.20 
4.00 
3.70 
3.60 
8.50 
3.70 
4.00 
4.20 
4.70 
4.50 
5.00 
4.80 
3.50 
3.50 
10.50 
8.70 
6.20 
5.10 
4.50 
4.80 
4.00 

4.00 
8.80 
3.90 
5.20 
4.90 
6.00 
5.00 
4.40 
4.60 
4.20 
4.00 
4.00 
3.90 
3.80 
4.00 
3.80 
3,70 
4.00 
4.50 
4.80 
4.60 
4.20 
4.00 
4. 20 
4.10 
4.00 
3.9U 
3.80 
3.70 
3.60 
3.60 

3.50 
7.50 
5.50 
5.00 
4.60 
4.10 
4.10 
3.90 
3.70 
3.70 
3.60 
4.00 
4.40 
5.40 
4.60 
4.30 
3.90 
3.80 
3.70 
3.50 
3.30 
8.30 
3.80 
3.00 
3.00 
3.00 
3.00 
3.00 
2.90 
2.90 
2.90 

2.90 
2.80 
2.80 
2.80 
2.80 
2.80 
2.80 
2.80 
2.90 
2.70 
2.70 
2.70 
2.60 
2.50 
2. 50 
3.00 
3.00 
2.90 
2.90 
2.90 
8.00 
3.00 
2.90 
2.90 
3.00 
2.90 
2.90 
2.90 
2.90 
2.80 

2.70 
2.70 
2.70 
2.70 
2.70 
2.60 
2.60 
2.70 
2.70 
2.70 
2.80 
2.90 
2.90 
2.80 
2.80 
2.80 
2.70 
2.80 
2.80 
2.90 
3.20 
3.00 
3.00 
3.00 
3.00 
2.90 
3.20 
3.10 
3.10 
3.10 
3.00 

3.00 
3.00 
2.90 
2.90 
3.50 
3.20 
3.10 
3.20 
3.10 
3.00 
3.00 
2.90 
2.90 
2.80 
3.00 
3.00 
2.90 
2.80 
2.90 
2.90 
2.90 
2.90 
2.90 
2.90 
2.90 
3.00 
3.00 
3.00 
2.90 
2.80 
2.60 

2.60 
2.50 
2.50 
2.50 
2.40 
2.40 
2.20 
1.90 
1.80 
1.80 
1.70 
1.60 
1.50 
1.40 
1.30 
1.20 
1.20 
3.20 
3.00 
2.90 
2.80 
2.70 
2.60 
2.80 
3.00 
3.00 
2.90 
2.80 
2.80 
2.70 

2.20 
2.00 
1.90 
1.70 
1.70 
l.(iO 
1.50 
1.40 
1.40 
1.50 
1.30 
1.30 
1.30 
1.40 
1.60 
1.50 
1.40 
1.40 
1.40 
1.40 
1.40 
1.30 
1.30 
1.50 
1.60 
1.60 
1.70 
1.70 
2.40 
2.70 
2.70 

2.80 
3.00 
3.00 
3.10 
3.00 
2.90 
2.90 
3.00 
4.00 
3.40 
3.40 
3.30 
3.20 
8.20 
3.50 
3.60 
3.40 
3.30 
3.30 
3.20 

2 

3 

4 

6 

e 

7 

8 

0 

10 

11 

12 

13 

14 - 

15 

le 

17 

18 

19 

ao 

21 

22 

23 

24 

25 

28 

27 

1 

28 

29 

30 

31                 -  - . . 

\ 
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OPERATIONS   AT   BIVEB   STATIONS,  1897. 


SHABPSBUSa  STATION  ON  ANTIETAM  GBEEK. 

The  station  is  at  Myers's  mill,  1  mile  east  of  Sbarpsborg,  Maryland, 
on  the  road  to  Keedysville,  Maryland.  It  was  established  on  Jane  24, 
1897,  by  Arthor  P.  Davis.  The  observer  is  Evans  M.  Myers,  a  farmer 
living  near  the  bridge.  The  equipment  consists  of  a  three-quarten 
inch  steel  cable  with  85-foot  span  supported  by  large  trees.  The  gage 
is  driven  into  the  gravel  of  the  stream  bed  and  bolted  to  an  overhang- 
ing tree.  The  initial  point  for  soundings  is  on  the  left  bank.  The  chan- 
nel both  above  and  below  the  station  is  nearly  straight  for  300  feet,  and 
the  water  moves  with  moderate  velocity.  The  right  bank  is  low  and 
liable  to  overflow;  the  left  is  high  and  rocky.  A  measurement  on 
June  24, 1897,  with  a  gage  height  of  2.00  feet,  gave  a  discharge  of  251 
second-feet;  July  2,  with  a  gage  height  of  2.05  feet,  gave  a  discharge 
of  240  second-feet;  September  3,  with  a  gage  height  of  1.60  feet,  gave 
a  discharge  of  122  second-feet;  October  12,  with  a  gage  height  of  1.70 
feet,  gave  a  discharge  of  120  second-feet. 


Daily  gage  height,  in  feet,  of  Antietam  Creek  at  Skarpsburg,  Maryland,  from  July  to 

December,  1897, 


Day. 

July. 

Aug. 

Sept 

Oct 

KOT. 

Deo.    1 

Day. 

• 

July. 

Ang. 

Sept. 

Got 

Nov. 

Dec 

1 

.    1.90 

1.60 

1.70 

1.50 

1.46 

1.70 

17 

1.75 

1.80 

1.60 

1.60 

1.70 

2.» 

2 

.   2.10 

1.70 

1.70 

1.60 

2.70 

1.60 

18 

1.70 

1.70 

1.60 

1.40 

1.60 

2.10 

3 

.    1.85 

1.70 

1.60 

1.40 

2.06 

1.60 

19 

1.75 

1.60 

1.60 

1.60 

1.50 

2.00 

4 

.    1.70 

1.75 

1.60 

1.60 

1.90 

1.70 

20 

1.75 

1.50 

1.50 

1.70 

1.60 

2.10 

6 

.    1.76 

1.60 

1.60 

1.70 

1.60 

2.25 

21 

1.85 

1.60 

1.60 

1.70 

1.70 

100 

6 

.    1.80 

1.70 

1.70 

1.60 

1.60 

2.45 

22 

1.85 

1.55 

1.60 

1.60 

1.60 

2.00 

7 

.    1.70 

1.70 

1.70 

1.70 

1.70 

2.05 

23 

1.70 

1.60 

1.70 

1.00 

1.50 

120 

8 

.   1.70 

L50 

1.60 

1.60 

1.75 

2.00 

24 

1.70 

8.00 

1.90 

1.65 

1.70 

190 

9 

.    1.70 

1.40 

1.65 

1.60 

1.80 

1.80 

26 

1.66 

2.90 

1.80 

1.66 

1.80 

190 

10 

.    1.70 

1.70 

1.60 

1.40 

1.60 

1.00 

26 

1.66 

2.00 

1.50 

1.80 

1.80 

100 

11 

.    1.65 

1.90 

1.60 

1.50 

1.65 

1.90 

27 

1.75 

1.76 

L70 

1.70 

1.90 

100 

12 

.    1.75 

1.86 

1.60 

1.60 

1.50 

1.90 

28 

1.80 

1.70 

1.60 

1.60 

2.00 

1.00 

13 

.    1.95 

1.60 

1.40 

1.70 

1.60 

2.06 

29 

1.86 

1.65 

1.60 

1.60 

1.90 

1.00 

14 

.    1.80 

1.70 

1.60 

1.60 

1.40 

2.00 

30 

1.80 

1.80 

L50 

1.60 

1.80 

LOO 

16 

.    1.80 

2.45 

1.60 

1.60 

1.60 

2.36 

31 

1.70 

L70 

1.50 

LOO 

16 

.    1.80 

1.90 

L70 

1.66 

1.75 

2.40 
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PORT  REPUBLIC  STATION   ON  NORTH  AND   SOUTH  RIVERS. 

This  locality  is  described  in  the  Eighteenth  Annual  Beport  of  this 
Survey,  Part  IV,  page  25.  The  gage  for  tlie  North  Eiver  is  located  on 
the  county  highway  bridge  at  Port  Eepublic,  Virginia,  and  500  feet 
above  the  month  of  South  Biver.  A  painted  rod  is  fastened  to  the  third 
panel  of  the  first  span  on  the  lower  side  of  the  bridge.  It  is  nailed  to 
the  wooden  uprights  and  fastened  by  wire  to  the  iron  diagonals.  The 
zero  of  the  rod  is  opposite  the  middle  of  the  third  upright,  and  is  4.50 
feet  from  the  outside  edge  of  the  pulley.  The  distance  from  the  end  of 
the  weight  to  the  marker  is  31.98  feet.  From  the  top  of  the  lower  end 
of  the  third  floor  beam  from  the  right  bank  to  the  zero  of  the  gage  is 
24.97  feet.  The  bridge  seat  on  lower  end  of  right-bank  abutment  is 
24.60  feet  above  the  datum  of  gage. 

The  gage  for  the  South  Eiver  is  located  on  the  county  iron  bridge, 
just  east  of  the  town,  and  300  feet  above  the  mouth  of  North  Biver. 
It  is  a  wire  gage.  The  edge  of  the  pulley  is  2.54  feet  from  the  north 
edge  of  the  third  vertical.  The  marks  on  the  gage  are  made  by  tacks 
driven  into  the  rail  on  the  upper  side  of  the  bridge  at  the  fourth  panel. 
The  zero  is  L  foot  from  the  edge  of  the  pulley.  The  distance  from  the 
bottom  of  the  weight  to  the  wire  marker  or  zero  point  is  26.12  feet. 
The  top  of  the  third  floor  beam  from  right  bank,  upper  side  of  bridge, 
is  22.52  feet  above  gage  datum.  The  zero  of  North  Biver  gage  is  2.56 
feet  below  the  zero  of  South  Biver  gage.    The  observer  is  T.  S.  Davis. 

All  gagings  of  South  Biver  include  discharge  of  mill  race. 

The  following  dicharge  measurements  were  made  by  D.  0.  Hum- 
phreys and  O.  H.  Matthes  during  the  year  1897 : 

On  North  River: 

March  23,  gage  height,  3.54  feet ;  discharge,  1,466  second-feet. 
April  19,  gage  height,  2.60  feet;  discharge,  712  secoDd-feet. 
June  1,  gage  height,  2.60  feet;  discharge,  552  second-feet. 
July  24,  gage  height  2  30  feet;  discharge,  431  secoDd-feet. 
Novemher  7,  gage  height,  2.00  feet;  discharge,  245  second-feet. 
On  South  River : 

March  23,  gage  height,  2.30  feet;  discharge,  426  second- feet. 
April  19,  gage  height,  1.88  feet;  discharge,  202  second-feet. 
Jane  1,  gage  height,  1.87  feet;  discharge,  182  second-feet. 
Jaly  24,  K^ge  height,  1.40  feet;  discharge,  132  second-feet. 
November  7,  gage  height,  1.80  feet;  discharge,  173  second-feet. 

IBB   15—^2 
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OPERATIONS   AT   RIVER   STATIONS,  1897. 


Daily  gage  height,  in  feet  j  of  North  River  at  Port  Republic,  Vtrginia,  for  1S97, 


2.35 
2.86 
2.35 
2.35 
2.35 
2.80 
2.30 
2.30 
2.30 
2.30 
2.80 
2.30 
2.80 
2.30 
2.25 
2.25 
2.25 
2.25 
2.25 
2.25 
2.25 
2.25 
2.25 
2.25 
2.25 
2.25 
2.25 
2.25 
2.25 
2.25 
2.35 


Feb. 
2.35 

Mar. 

3.60 

2.35 

8.50 

2.35 

3.40 

2.35 

3.40 

2.36 

3.35 

2.66 

3.30 

7.00 

3.30 

5.50 

3.30 

4.80 

3.25 

4.30 

3.25 

4.00 

3.25 

3.90 

3.25 

5.45 

3.20 

4.70 

3.30 

5.00 

3.50 

5.30 

3.50 

6.20 

3.70 

4.«0 

3.70 

4.50 

3.70 

4.30 

3.70 

4.20 

3.90 

4.80 

3.60 

9.85 

3.35 

6.70 

3.40 

5.40 

3.80 

4.50 

3.20 

4.40 

3.10 

3.80 

3.00 

2.90 

2.80 

; 

2.70 

Apr. 


2.70 
2.70 
2.60 
2.60 
2.60 
2.90 
2.90 
2.90 
2.90 
3.00 
3.00 
3.00 
2.90 
2.90 
2.90 
2.90 
2.90 
2.80 
2.65 
2.60 
2.55 
2.50 
2.50 
2.50 
2.50 
2.50 
2.45 
2.45 
2.45 
2.40 


May. 

Jnne. 

2.40 

2.60 

11.50 

2.55 

7.30 

2.50 

5.15 

2.50 

4.30 

3.00 

8.80 

2.85 

3.50 

2.60 

8.30 

2.65 

3.10 

2.50 

8.00 

2.60 

3.00 

2.45 

3.00 

2.40 

4.90 

2.40 

7.60 

2.40 

5.20 

2.40 

4.40 

2.40 

4.00 

2.40 

3.60 

2.40 

3.45 

2.40 

3.25 

2.50 

3.15 

2.46 

3.10 

2.40 

3.00 

2.40 

2.95 

2.40 

2.90 

2.40 

2.85 

2.40 

2.80 

2.85 

2.75 

2.36 

2.70 

2.35 

2.65 

2.35 

2.60 

July. 


2.35 
2.45 
2.45 
2.40 
2.36 
2.25 
2.20 
2.40 
2.30 
2.20 
2.15 
2.50 
2.40 
2.40 
2.30 
2.20 
2.20 
2.15 
8.60 
3.50 
2.50 
2.40 
2.85 
2.35 
2.30 
2.25 
2.20 
2.15 
2.15 
2.15 
2.15 


Ang. 

Sept. 

Oct. 

1.80 

Nov. 

Dm. 

2.15 

2.00 

2.20 

1.85 

2.15 

2.00 

1.80 

2.00 

1.86 

2.15 

2.00 

1.80 

2.60 

1.85 

2.15 

2.00 

L80 

2.00 

l.S 

2.15 

1.95 

1.80 

2.00 

2.00 

2.15 

1.95 

1.80 

2.00 

2.  CO 

2.10 

1.90 

1.80 

2.00 

1.96 

2.10 

1.90 

1.80 

1.05 

1.95 

2.10 

1.90 

1.80 

1.90 

1.90 

2.10 

1.85 

1.80 

1.90 

1.85 

2.06 

1.85 

1.80 

1.90 

1.S5 

2.05 

1.85 

1.80 

1.85 

1.85 

2.05 

1.85 

2.0O 

1.85 

1.65 

2.05 

1.85 

2.00 

1.80 

1.85 

2.00 

1.85 

2.00 

1.80 

2.66 

2.00 

1.85 

1.05 

1.90 

2.45 

2.00 

1.85 

1.05 

1.90 

2.25 

2.00 

1.85 

1.95 

1.90 

2.10 

2.00 

1.80 

1.95 

1.90 

2.25 

2.00 

1.80 

1.95 

1.90 

2.25 

1.80 

2.00 

1.85 

2.25 

i'66 

1.80 

2.00 

1.85 

2.25 

2.00 

1.80 

2.00 

1.85 

2.25 

2.00 

1.80 

2.00 

1.86 

2.25 

2.00 

1.80 

2.00 

1.85 

2.26 

2.00 

1.80 

2.00 

1.85 

2.25 

2.00 

1.80 

2.00 

1.85 

2.25 

2.00 

1.80 

2.10 

1.85 

2.25 

2.00 

1.80 

2.05 

1.85 

2.25 

2.00 

1.80 

1.95 

1.85 

2.20 

2.00 

1.95 

2.15 

Daily  gage  height,  infeety  of  South  River  at  Port  Republic,  Virginia,  for  1897. 


Day. 


1. 

2.. 

3.. 

4.. 

5., 

6.. 

7.. 

8.. 

9.. 
10. 
11. 
12.. 
13.. 
14. 
15.. 
16.. 
17.. 
18. 
19.. 
20.. 
21.. 
22. 
23.. 
24.. 
25.. 
26., 
27.. 
28.. 
29.. 
30.. 
31.. 


Jan. 


1.45 
1.45 
1.45 
1.45 
1.45 
1.45 
1.45 
1.45 
1.45 
1.45 
1.45 
1.45 
1.45 
1.45 
1.45 
1.45 
1.45 
1.45 
1.45 
1.45 
1.45 
1.45 
1.45 
,  1.05 
1.85 


1. 
1. 
1. 


85 
85 
85 
1.85 
1.85 
1.85 


Feb.    Mar. 

Apr. 

May. 

1.85 

2.60 

2.00 

1.75 

l.K) 

2.60 

2.00 

9.80 

1.85 

2.40 

2.00 

4.50 

1.85 

2.40 

2.00 

3.80 

1.85 

2.35 

2.00 

3.00 

1.95 

2.30 

2.10 

2.80 

5.00 

2.30 

2.10 

2.50 

4.10 

2.30 

2.10 

2.50 

3. 20     2. 25 

2.10 

2.40 

3.05 

2.25 

2.10 

2.30 

2.95 

2.25 

2.00 

2.30 

2.90 

2.25 

2.00 

2.30 

3.15 

2.20 

1.90 

3.20 

3.15 

2.30 

1.90 

4.80 

8.15 

2.40 

1.90 

3.20 

3.40 

2.60 

1.90 

2.85 

3.40 

2.60 

1.00 

2.70 

3.20 

2.60 

1.85 

2.50 

3.20 

2.60 

1.85 

2.40 

3.10 

2.60 

1.80 

2.35 

3.10 

2.70 

1.80 

2.30 

3.60 

2.50 

1.80 

2.25 

6.75 

2.30 

1.80 

2.20 

4.10 

2.35 

1.80 

2.20 

3.30 

2.25 

1.80 

2.20 

3.20 

2.15 

1.80 

2.15 

3.10 

2.05 

1.80 

2.15 

2.80 

2.10 

1.80 

2.10 

2.10 

1.80 

2.10 

2.10 

1.75 

2.00 

2.00 

1.05 

June. 


July. 


1.85 
1.80 
1.75 
1.75 
1.90 
1.75' 
1.70 
1.65 
1.60 
1.55 
1.50 
1.50 
1.65 
1.65 
1.65 
1.65 
1.60 
1.60 
1.60 
1.65 
1.80 
1.70 
1.65 
1.60 
1.60 
1.60 
1.60 
1.60 
1.60 
1.60 


1.00 
1.65 
1.65 
1.60 
1.55 
1.55 
1.55 
1.55 
1.56 
1.55 
1.55 
1.55 
1.50 
1.50 
1.50 
1.50 
1.50 
1.50 
1.70 
1.60 
1.55 
1.50 
1.50 
1.50 
1.45 
1.40 
1.40 
1.40 
1.40 
1.40 
1.40 


Aug. 


1.50 
1.50 
1.60 
1.50 
1.60 
1.50 
1.50 
1.45 
1.40 
1.40 
1.40 
1.40 
1.40 
1.40 
1.35 
1.36 
1.36 
1.30 
1.26 
1.20 
1.20 
1.20 
1.20 
1.20 
1.20 
1.20 
1.20 
1.20 
1.20 
1.20 
1.20 


Sept. 


1.20 
1.20 
1.20 
1.20 
1.20 
1.20 
1.20 
1.20 
1.20 
1.20 
1.20 
1.80 
1.30 
1.30 
1.30 
1.80 
1.30 
1.80 
1.30 
1.30 
1.30 
1.80 
1.80 
1.30 
1.80 
1.30 
1.30 
1.80 
1.30 
1.30 


1.30 
1.30 
1.30 
1.30 
1.80 
1.30 
1.30 
1.80 
1.30 
1.30 
1.80 
1.30 
1.46 
1.45 
1.45 
1.45 
1.45 
1.45 
1.45 
1.45 
1.60 
1.50 
1.60 
1.50 
1.50 
1.50 
1.60 
2.00 
1.00 
1.85 
1.75 


1.75 

2.80 

2.60 

2.10 

2.00 

2.00 

1.80 

1.75 

1.70 

1.70 

1.70 

1.66 

1.65 

1.65 

1.66 

1.66 

1.65  I 

1.65  ! 

1.65  i 

1.65 

i.ao 

1.56 

1.55  i 

1.56 

l.SO 

1.50 

1.50 

1.50 

1.50 

1.50 


1.50 
1.S6 
1.50 
1.50 
1.50 
1.50 
1.50 
1.50 
l.fiO 
1.50 
LSO 
1.S0 
1.50 
1.50 
1.45 
2.40 
2.00 
l.M 

i.go 

1.85 

1.80 

1.80 

1.80 

1.80 

1.80 

l.» 

1.80 

1.80 

1.80 

1.80 

1.80 


DRAINAGE   BASIN   OF   THE   POTOMAC   RIVER. 
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MZLLYILLE   STATION   ON  SHENANDOAH  RIYEB. 

This  station,  described  in  the  Eighteenth  Annaal  Report,  Part  lY, 
age  26,  is  located  at  a  point  4  miles  above  Harpers  Ferry,  at  Millville, 
7e8t  Virginia.  A  vertical  gage  was  pbvced  in  the  river  and  secured  to 
tie  tmnk  of  a  tree.  A  deep  notch  was  cut  in  the  tree  opposite  the  8- foot 
lark.  Bench  mark  2  is  a  copper  bolt  driven  into  an  auger  hole  in  the 
K>t  of  a  large  sycamore  (button wood)  tree  on  the  left  bank  of  the  river, 
bout  150  feet  below  the  gage  rod,  and  it  is  6.78  feet  above  the  zero 
lajrk  on  the  gage.  A  new  three-fourths  inch  galvanized  steel  wire 
ible  was  stretched  across  the  river  on  June  23, 1897,  the  old  one  hav- 
ig  been  carried  out  by  the  flood  of  October  1, 1896.  The  cable,  which 
.  about  500  feet  long,  is  supported  on  either  bank  by  a  large  sycamore 
-ee,  and  is  securely  anchored  on  both  sides.  The  observer  is  H.  G. 
isewaner.  The  following  discharge  measurements  were  made  by 
;.  G.  Paul  and  others,  in  1897 : 

.Jane  24,  gage  height,  1.20  feet;  discharge,  1,371  second-feet. 
July  23,  gage  height,  1.80  feet;  discharge,  2,791  second-feet. 
September  7,  gage  height,  0.50  foot;  discharge,  632  second-feet. 
October  25,  gage  height,  0.70  foot;  discharge,  814  second  feet. 

Daily  gage  height,  in  feet,  of  Shenandoah  River  at  Millville,  West  Virginia,  for  1S97. 


Bmy. 


1.... 

2.-.. 

3.... 

4.... 

5.... 

6.... 

7.... 

8.--. 

9...- 
10.... 
11.... 
12.-.. 
13.... 
U.... 
15..-. 
16.... 
17.... 
18-... 
19.... 
20.... 
21.... 
22.... 
23.... 
24..-. 
£(.... 
28.... 
27.... 
28.... 
28-... 
30...- 
81.... 


Jan. 
l.QO 

Feb. 

Mar. 

1.10 

3.70 

1.50 

1.10 

3.50 

1.40 

1.80 

8.50 

1.40 

2.00 

3.50 

1.30 

2.20 

3.50 

1.30 

2.20 

3.50 

1.30 

(a) 

3.40 

1.20 

(a) 

3.80 

1.20 

(a) 

3.00 

1.10 

6.00 

2.80 

1.10 

5.80 

2.70 

1.10 

4.70 

2.60 

1.40 

4.00 

2.60 

1.40 

6.00 

2.80 

1.30 

4.70 

2.80 

1.20 

6.75 

3.50 

1.10 

5.00 

3.60 

1.10 

5.30 

3.40 

1.10 

4.00 

3.20 

1.10 

4.60 

3.20 

1.10 

4.50 

8.60 

1.20 

6.45 

3.40 

1.20 

10.05 

3.30 

1.20 

10. 05 

3.20 

1.10 

6.70 

3.00 

1.10 

5.50 

2.00 

1.10 

4.60 

2.70 

1.10 

4.60 

2.50 

1.10 

2.40 

LIO 

2.10 

1.00 

2.00 

2.00 
2.00 
1.90 
1.00 
2.10 
2.30 
2.30 
2.40 
2.40 
2.40 
2.40 
2.40 
2.30 
2.30 
2.30 
2.20 
2.20 
2.10 
2.10 
2.00 
1.90 
1.80 
1.80 
1.70 
1.70 
1.60 
1.50 
1.50 
1.40 
1.40 


May. 

June. 

July. 

Ang. 

Sept. 

1.40 

1.50 

1.00 

1.00 

0.60 

1.70 

1.50 

.90 

.90 

.60 

9.25 

1.40 

.90 

.80 

.60 

7.10 

1.60 

.90 

.80 

.60 

5.10 

1.60 

1.00 

.80 

.50 

4.60 

1.90 

.90 

1.40 

.50 

3.60 

1.80 

.80 

.90 

.50 

3.20 

1.70 

.80 

.90 

.50 

2.90 

1.60 

.80 

.90 

.50 

2.50 

1.60 

.80 

.80 

.40 

2.40 

1.40 

1.20 

.40 

2.40 

1.40 

i.io 

1.00 

.40 

2.50 

1.40 

1.00 

.90 

.40 

4.35 

1.30 

1.00 

.80 

.40 

6.60 

1.30 

1.20 

.70 

.40 

4.90 

1.30 

.90 

.70 

.40 

3.9U 

1.30 

.90 

.70 

.40 

3.50 

1.20 

.90 

.70 

.40 

3.20 

1.20 

.80 

.60 

.40 

2.90 

1.60 

1.90 

.60 

.40 

2.60 

1.60 

2.60 

.60 

.40 

2.40 

1.40 

2.60 

.60 

.40 

2.30 

1.30, 

1.80 

.60 

.40 

2.20 

1.20 

1.50 

1.00 

.60 

2.20 

1.10 

1.30 

1.30 

1.20 

2.20 

1.10 

1.20 

1.00 

.50 

1.80 

1.10 

1.10 

.90 

.60 

1.60 

1.00 

1.20 

.80 

.50 

1.60 

1.00 

1.50 

.70 

.40 

1.60 

.90 

1.30 

.70 

.40 

1.60 

1.10 

.80 

Oct. 


0.40 
.40 
.40 
.40 
.40 
.40 
.35 
.85 
.35 
.35 
.40 
.50 
.50 
.50 
.50 
.50 
.50 
.45 
.40 
.40 
.45 
.50 
.50 
.55 
.70 
.80 
.90 
.80 
.80 
.80 
.90 


Nov. 


0.80 
.80 
.80 
1.00 
1.30 
1.00 
.80 
.80 
.70 
.80 
.70 
.70 
.50 
.50 
.70 
.65 
.70 
.60 
.60 
.50 
.60 
.60 
.60 
.55 
.50 
.50 
.80 
.90 
.70 
.60 


Deo. 


0.70 

.70 

.60 

.70 

.90 

1.70 

1.20 

1.10 

.00 

.90 

.80 

.90 

.90 

1.00 

1.70 

2.40 

2.70 

2.20 

1.80 

1.60 

1.30 

1.30 

1.30 

1.30 

1.30 

2.00 

1.50 

1.60 

1.50 

1.20 

1.10 


a  Gage  washed  out. 
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OPERATIONS   AT    RIVER    STATIONS,  1897. 


FREDERICK   STATION   ON   MONOOACY    RIVER. 

This  station,  described  in  the  Eighteenth  Annual  Report,  Part  lY, 
page  34,  is  at  the  connty  iron  bridge  on  the  turnpike  4  miles  northeast 
of  Frederick,  on  the  road  leading  from  Frederick  to  Mount  Pleasant, 
Maryland.  A  wire  gage  is  attached  to  the  floor  timber  on  the  lower 
side  of  the  bridge.  The  length  of  the  gage  wire  from  bottom  of  weight 
to  end  of  handle  is  35.20  feet. 

The  bench  mark  is  a  cross  cut  in  the  top  face  of  a  capstone  on  the 
lower  retaining  wall  of  the  bridge  abutment  on  the  right  bank  of  the 
stream.  It  is  24.97  feet  above  the  surface  of  the  water  when  the  gage 
reads  4.2  feet.  The  observer  is  E.  L.  Derr.  The  stream  at  this  station 
has  two  channels,  being  divided  by  a  small,  low  island,  which  serves 
as  a  foundation  for  the  middle  pier  of  the  bridge. 

On  January  26,  1898,  the  gage  was  compared  with  the  bench  mark, 
and  the  wire  found  to  have  stretched  0.37  foot.  The  gage  wire  was  cor- 
rected and  the  gage  heights  of  the  preceding  months  reduced  by  this 
amount,  those  in  July  and  August,  when  the  stretching  is  supposed  to 
have  occurred,  being  approximated  only.  The  following  discharge  meas- 
urements were  made  by  E.  G.  Paul  and  others  during  the  year  1897: 

February  9,  gage  height,  6.00  feet;  disoharge,  1,019  second- feet. 
February  24,  gage  height,  8.95  feet ;  discharge,  3,569  second-feet. 
March  9,  gage  height,  6.00  feet ;  discharge,  1,085  second-feet. 
April  10,  gage  height,  7.55  feet ;  discharge,  2,264  second- feet. 
July  3,  gage  height,  4.30  feet ;  discharge,  220  second-feet. 
September  3,  gage  height,  4.15  feet;  discbarge,  182  second-feet. 


Daily  gage  heighif  in  feeif  of  Monocacy  Biver  at  Frederieky  Maryland,  for  J897. 


Day. 


Jan. 


1. 

2. 

8. 

4. 

6. 

6. 

7. 

8. 

9. 
10. 
11. 
12. 
18. 
14. 
15. 
16. 
17. 
18. 
19. 
20. 
21. 
22. 
28. 
34. 
26. 
26. 
27. 
28. 
29. 
30. 
31. 


4.20 
4.20 
4.20 
4.20 
4.20 
4.30 
4.30 
4.50 
4.40 
4.30 
4.20 
4.80 
4.30 
4.80 
4.00 
4.00 
4.00 
4.00 
4.30 
4.70 
4.50 
5.50 
5.40 
4.80 
5.20 
5.00 
5.00 
5.00 
5.00 
4.80 
4.50 


Feb. 


4.40 
4.40 
5.00 
6.00 
5.50 
8.40 
15.00 
8.45 
6.00 
5.60 
5.20 
5.20 
4.00 
4.60 
4.60 
5.70 
7.40 
7.40 
6.70 
6.10 
5.70 
12.13 
14.60 
8.85 
8.30 
7.00 
0.50 
6.00 


Mar. 


6.70 
6.50 
5.60 
7.50 
7.50 
8.00 
7.60 
6.20 
6.00 
6.50 
6.20 
5.80 
5.80 
5.70 
5.70 
3.80 
5.40 
6.60 
7.00 
9.80 
7.80 
6.60 
6.50 
7.40 
7.30 
6.10 
5.80 
5.60 
5.40 
5.30 
5.20 


Apr. 


5.00 
5.00 
4.90 
4.90 
6.90 
5.00 
5.60 
5.40 
9.30 
8.55 
6.55 
6.60 
5.70 
5.80 
5.90 
6.20 
5.80 
6.80 
5.50 
5.80 
5.10 
5.00 
5.00 
6.00 
4.90 
4.90 
4.00 
4.80 
4.70 
4.60 


May. 


4.60 
6.30 
6.20 
6.20 
6.00 
5.00 
5.60 
5.40 
5.10 
5.00 
5.10 
5.10 
15.60 
15.60 
10.90 
7.40 
6.80 
6.50 
6.10 
5.80 
6.90 
6.00 
6.50 
5.30 
6.70 
6.00 
5.80 
5.20 
5.00 
4.90 
5.00 


Jane. 


5.00 
4.80 
4.70 
6.00 
7.50 
5.60 
5.40 
4.96 
6.15 
5.80 
5.30 
5.00 
4.90 
4.70 
4.70 
4.70 
4.80 
4.80 
4.70 
4.70 
4.90 
4.70 
4.50 
4.50 
4.40 
4.40 
4.40 
4.40 
4.20 
4.20 


July. 
a 


4.20 
4.20 
4.80 
4.20 
4.20 
4.20 
4.20 
4.20 
4.00 
4.50 
4.20 
4.20 
7.00 
5.20 
4.60 
4.30 
4.30 
5.10 
4.96 
5.25 
4.95 
6.40 
5.66 
4.96 
4.46 
4.86 
7.70 
9.90 
7.80 
6.10 
6.80 


Aiig.a 


4.90 
4.70 
4.60 
4.40 
4.40 
4.80 
4.80 
4.20 
4.20 
4.20 

10.60 
8.50 
5.46 
4.45 
4.25 
5.35 
4.85 
4.30 
4.10 
4.10 
4.10 
5.50 
4.80 

16.20 
6.76 
6.75 
5.10 
4.70 
4.25 
4.16 
4.15^ 


S«pt. 


4.15 
4.05 
4.15 
4.06 
4.06 
3.96 
3.96 
3.05 
8.96 
3.96 
8.96 
8.95 
3.95 
3.85 
8.85 
3.85 
4.45 
4.45 
4.05 
3.86 
8.85 
3.96 
8.05 
5.66 
5.15 
4.06 
8.06 
3.05 
3.05 
3.05 


Oct. 


3.96 
3.05 
3.86 
3.86 
3.75 
3.85 
8.75 
3.75 
3.75 
3.85 
3.86 
3.85 
4.26 
4.15 
4.06 
3.96 
3.95 
3.86 
3.76 
3.75 
3.85 
3.06 
3.96 
8.06 
4.06 
4.86 
4.25 
4.16 
4.06 
4.05 
8.05 


Not. 


4.15 
14.85 
&1S 
6.56 
5.35 
5.05 
4.86 
4.75 
5.55 
5.55 
4.85 
4.75 
4.65 
4.55 
6.15 
6.55 
4.96 
4.75 
4.05 
4.65 
4.66 
4.56 
4.75 
6.00 
4.85 
6.56 
7.06 
0.56 
6.86 
6.06 


Dee. 


5.25 
5.15 
5.15 
&15 
12.40 
&63 
7.» 
6.55 
5.95 
5.75 
5.55 
6.8$ 
666 
11. 66 
14.95 
IS.  85 
7.15 
6i65 
6il5 
5.96 
5.8S 
6.56 
6.(16 
5.66 
&15 
6. 96 
5.45 
Sc4S 
135 
5.86 
5.46 


J 


a  Approximate. 
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POINT  OP  BOOKS  STATION  ON  POTOMAC  BIYEB. 

• 

This  station,  described  in  the  Eighteenth  Annual  Beport  of  this  Sor- 
)y,  Part  lY,  page  29,  is  about  6  miles  above  the  mouth  of  Monocacy 
[yer,  at  Point  of  Bocks,  Maryland.  At  this  point  a  toll  bridge  crosses 
e  stream  1,000  feet  below  the  mouth  of  Gatoctin  Greek.  A  wire  gage 
ks  been  established  on  the  east  side  of  the  first  span ;  the  scale  is 
arked  with  nails  on  the  hand  rail.  Bench  mark  1  is  a  copper  bolt 
stened  in  a  hole  drilled  in  a  large  capstone  on  the  lower  wing  wall  of 
e  north  abutment,  a  short  distance  from  the  north  end  of  the  first  iron 
ass,  and  is  41.30  feet  above  the  datum  of  the  gage.  Bench  mark  2, 
p  of  second  floor  beam  from  left  bank,  lower  end,  is  39.28  feet  above 
ktum.  The  distance  from  the  end  of  the  weight  to  the  wire  index  is 
.22  feet.  On  January  25, 1898,  a  comparison  with  the  bench  mark 
vealed  that  the  gage  wire  had  stretched  1.78  feet.  A  new  wire  was 
bstituted  and  the  gage  heights  of  the  preceding  mouths  were  reduced 
the  correct  datum;  those  in  August  and  September,  when  the  stretch- 
g  is  supposed  to  have  occurred,  being  approximated  only.  The 
iserver  is  G.  H.  Hickman.  During  the  year  1897  discharge  measure- 
ents  were  made  by  £.  G.  Paul  and  G.  H.  Matthes,  as  follows : 

February  9,  gage  height,  7.95  feet :  discharge;  40,654  second-feet. 
Febmary  23,  p^age  height,  21.70  feet;  discharge,  169,913  second-feet. 
March  8,  gage  height,  5.70  feet;  discharge,  27,383  second-feet. 
March  27,  gage  height,  4.05  feet;  discharge,  17,121  second-feet. 
Jnly  23,  gage  height,  2.85  feet;  discharge,  8,130 second-feet. 
October  29,  gage  height,  0.20  foot;  discharge,  2,141  second- feet. 

Daily  gage  height,  in  feet,  of  Potomac  Biver  at  Point  of  Booke,  Maryland,  for  1807. 


Day. 


0.80 

.80 

.80 

.90 

.90 

1.00 

1.40 

1.70 

9 1.50 


1. 
2. 
3. 
4. 
5. 

e. 

7. 
8. 


10. 
11. 
12. 
13. 
14. 
15. 

le. 

17. 
18. 
19. 
20. 
21. 


24. 
25. 
26. 
27. 
28. 
29. 


Jan. 


81. 


1.30 

1.10 

1.10 

1.10 

.90 

.90 

1.00 

.90 

.90 

.90 

1.50 

1.60 

1.40 

1.40 

1.40 

1.50 

1.80 

2.00 

2.30 

2.20 

2.10 

2.00 


Fob. 


Mar. 


2.00 
1.90 
2.60 
2.00 
2.10 
5.10 
8.00 
10.50 
7.90 
6.80 
4.00 
4.00 
3.90 
4.60 
6.70 
7.00 
7.40 
7.70 
7.60 
7.20 
6.40 
6.70 
21.15 
24.60 
16.10 
9.30 
7.80 
8.00 


5.30 
4.40 
4.20 
4.10 
4.60 
4.40 
6.00 
5.80 
5.00 
4.50 
4.20 
4  00 
3.90 
3.70 
3.70 
8.80 
4.20 
4.40 
4.70 
5.30 
6.20 
6.00 
5.55 
4.80 
4.70 
4.60 
4.10 
3.80 
3.60 
3.30 
2.00 


Apr. 


2.80 
2.70 
2.60 
2.60 
2.70 
8.00 
3.30 
8.50 
8.40 
4.20 
6.20 
6.10 
4.40 
4.00 
3.80 
3.60 
3.50 
3.40 
3.80 
3.10 
3.00 
2.80 
2.70 
2.60 
2.60 
2.50 
2.40 
2.40 
2.30 
2.20 


May. 


2.20 
2.40 
7.00 

14.50 
9.00 
6.50 
5.90 
5.10 
4.50 
4.00 
8.70 
8.50 
3.80 
9.40 

13.10 
8.50 
5.50 
4.90 
4.60 
4.40 
4.00 
8.70 
3.40 
8.30 
8.40 
3.50 
3.80 
3.00 
2.70 
2.60 
2.50 


June. 

July. 

AugM 

Sept.a 

Oct. 

2.50 

1.80 

1.80 

0.80 

0.00 

2.40 

1.70 

1.70 

.20 

.00 

2.30 

1.80 

1.50 

.20 

.00 

2.40 

1.80 

1.40 

.20 

.00 

2.50 

1.70 

1.30 

.20 

.00 

2.50 

1.70 

1.70 

.20 

—  .10 

2.40 

1.70 

1.20 

.20 

—  .10 

2.60 

1.70 

1.10 

.10 

—  .10 

2.50 

1.60 

1.10 

.00 

-.10 

2.80 

1.50 

I.IO 

.00 

-  .10 

2.20 

1.90 

1.10 

—  .10 

.00 

2.20 

1.80 

1.00 

—  .10 

.10 

2.10 

1.80 

1.00 

—  .10 

—  .10 

2.10 

1.90 

.80 

—  .10 

.00 

2.20 

1.90 

.80 

-  .10 

.00 

2.20 

2.00 

.80 

—  .10 

—  .10 

2.10 

1.80 

.60 

—  .10 

-  .10 

2.10 

1.60 

.50 

—  .10 

—  .10 

2.20 

1.90 

.40 

—  .10 

—  .10 

2.20 

1.90 

.30 

—  .10 

—  .10 

2.60 

2.60 

.30 

—  .10 

.10 

2.50 

3.10 

.30 

—  .10 

.00 

2.30 

3.20 

.30 

.00 

—  .10 

2.20 

2.60 

.30 

.20 

—  .10 

2.10 

2.40 

.90 

.00 

.00 

2.10 

2.40 

.80 

.00 

.00 

2.10 

2.60 

.40 

.00 

.00 

2.00 

2.70 

.40 

.00 

.10 

1.90 

2.60 

.40 

.00 

.20 

1.80 

2.40 

.40 

.00 

.20 

2.30 

.40 

.20 

Nov. 


0.20 
.30 

1.00 

1  40 

1.00 
.80 
.70 
.60 
.50 
.60 
.70 

1.20 
.80 
.50 
.60 
.60 

1.10 
.00 
.70 
.70 
.60 
.60 
.60 
.40 
.40 
.40 

1.00 
.60 
.50 
.60 


Deo. 


0.90 
.90 
.90 
LOO 
1.10 
3.20 
3.60 
8.20 
2.40 
1.50 
1.30 
1.10 
1.00 
.90 
1.50 
4.10 
4.30 
3.30 
2.60 
2.20 
2.10 
1.60 
1.60 
1.40 
1.30 
1.80 
1.20 
1.20 
1.10 
1.10 
1.10 


a  Approximate. 
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OPERATIONS   AT   RIVER   STATIONS,  1897. 


PARK  STATION  ON  ROOK  CREEK. 

A  station  was  established  on  Bock  Greek  January  18, 1897,  at  the 
Park  bridge,  near  the  eastern  entrance  of  the  National  Zoological 
Park,  in  the  city  of  Washington,  District  of  Columbia.  The  upper  part 
of  the  gage  is  vertical  and  is  fastened  to  the  bridge  abutment,  the 
lower  portion  being  inclined  and  fastened  to  iron  rods.  The  bench  mark 
consists  of  an  X  on  the  stone  of  the  bridge  pier.  It  is  9.13  feet  above 
the  zero  of  the  gage.  The  observer  is  W.  Y.  Kramer,  one  of  the  watch 
men  in  the  park.  A  measurement  on  August  18, 1897,  at  a  gage  height 
of  2.90  feet  gave  a  discharge  of  26  second-feet,  and  on  November  21,  at 
a  gage  height  of  3.00  feet  a  discharge  of  37  second-feet. 

A  study  of  the  discharge  of  Bock  Greek  was  begun  in  July,  1892,  at 
the  request  of  the  Commissioners  of  the  District  of  Columbia.  In 
July,  1892,  a  gage  rod  was  established  by  Cyrus  C.  Babb  at  Lyon's 
Mill,  and  fastened  to  the  downstream  face  of  the  right  abutment  of 
the  bridge.  On  August  18, 1892,  a  self- registering  gage  was  placed  at 
the  bridge,  and  the  record  continued  until  November  30, 1894. 

The  following  are  the  discharge  measurements  made  at  this  point: 

July  2Sy  1892;  gage  height,  0.00  foot;  diBcharge,  89  second-feet. 
August  2,  1892,  gage  height,  — 0.30  foot ;  discharge,  49  second-feet. 
August  3,  1892,  gage  height,  — 0.3  foot;  discharge,  48  second-fe^t. 
August  5,  1892,  gage  height,  0.19  foot;  dibcharge,  102  second-feet. 
April  11,  1893,  gage  height,  — 0.12  foot;  discharge,  58  second-feet. 
May  4,  1893,  gage  height,  4.14  feet;  discharge,  959  second-feet. 


Daily  gage  height,  in  feet,  of  Bock  Creek  at  Zoological  Park  Bridge, 

IHatriot  of  Columbia,  Jor  1897, 


Dmj. 

Jan. 

Feb. 

Mar. 

Apr. 

May. 

Jane. 

July. 

Aug. 

Sept. 

Oct. 

Not. 

Dee. 

f 

3.06 
3.06 
3.06 
3.25 
3.  SO 
135 
ISO 
3.15 
3.10 
3.10 
3,10 
3.10 
3.10 
3.25 
430 
3.35 
3.20 
3.15 
3.10 
3.10 
3.15 
3.20 
3.20 
3.30 
3  05 
3.10 
3.10 
105 
100 
110 

1 

2.90 
3.50 
4.15 
3.45 
3.15 
3.25 
4.25 
2.70 
2.50 
2.40 
2.80 
2.46 
2.60 
2.60 

2.35 
2.35 
2.36 
2.40 
2.35 
2.36 
2.40 
2.35 
2.35 
2.36 
2.30 
2.30 
2.35 
2.45 
2.60 
2.40 
2.35 
2.95 
2.85 
3.05 
2.90 
2.65 
2.56 
2.50 
2.65 
2.40 
2.40 
2.35 
2.80 
2.80 
2.80 

2.30 
2.25 
2.25 
2.25 
2.50 
2.66 
2.45 
2r40 
8.15 
2.90 
2.60 
2.50 
2.45 
2.45 
2.40 
2.45 
2.45 
2.40 
2.35 
2.30 
2.30 
2.30 
2.30 
2.30 
2.30 
2.25 
2.25 
2.20 
2.26 
2.25 

2.30 
2.40 
2.46 
2.55 
2.50 
2.36 
2.30 
2.20 
2.20 
2.15 
2.20 
2.50 
3.70 
2.65 
2.95 
2.60 
2.50 
2.40 
2.40 
2.35 
2.30 
2.30 
2.25 
2.60 
3.45 
2.66 
2.40 
2.35 
2.30 
2.30 
2.25 

2.30 
2.60 
2.65 
2.95 
3.15 
3.10 
3.25 
3.40 
3.45 
8.40 
8.40 
3.36 
3.35 
3.35 
3.35 
3.35 
8.35 
3.86 
8.20 
8.30 
3.25 
3.15 
8.15 
3.15 
3.25 
8.15 
3.10 
3.10 
3.10 
3.10 

3.10 
3.10 
8.10 
8.05 
8.05 
3.05 
3.05 
3.60 
3.16 
3.10 
3.10 
3.25 
3.30 
3.30 
3.10 
3.00 
3.10 
2.10 
3.45 
3.25 
8.26 
4.00 
3.40 
3.10 
3.05 
3.00 
8.45 
4.30 
3.10 
3.10 
3.10 

3.05 
3.00 
3.00 
2.95 
2.95 
3.00 
2.96 
2.95 
2.95 
2.95 
3.00 
3.00 
2.95 
2.90 
2.90 
2.96 
3.00 
2.90 
2.90 
2.90 
2.90 
2.90 
2.90 
2.05 
2.90 
2.90 
2.90 
2.85 
2.86 
2.86 
2.86 

2.85 
2.85 
2.85 
2.86 
2.85 
3.86 
2.80 
2.80 
2.80 
2.80 
2.80 
2.80 
2.80 
2.80 
2.80 
2.80 
2.80 
2.90 
2.85 
2.80 
2.80 
2.80 
2.90 
8.20 
2.90 
2.80 
2.80 
2.80 
2.80 
2.80 

2.80 
2.85 
2.86 
2.85 
2.85 
2.85 
2.85 
2.85 
2.85 
2.85 
2.85 
3.16 
2.85 
2.85 
2.85 
2.86 
2.83 
2.90 
2.90 
3.00 
3.00 
2.95 
2.96 
3.00 
3.10 
3.10 
3.00 
2.95 
2.90 
2.M 
2.90 

3.10 
3.50 
3.30 
3.  lU 
3.05 
3.00 
2.95 
3.00 
3.20 
3.35 
3.10 
3.05 
3.05 
3.00 
3.05 
3.10 
3.05 
3.06 
3.06 
3.05 
3.00 
3.00 
3.05 
3.05 
3.00 
3.05 
3.06 
3.30 
3.15 
3.10 

2 

3 

4 

6 

6 

7 

8 

9 

10 

11 

12 

13 

14 

16 

2.66 
2.46 
2.40 
2.30 

16 



17 

18 

3.00 

19 

2.95 
2.90 
8.15 
3.30 
3.35 
3.05 
2.90 
3.00 
2.90 
2.90 
2.95 
2.90 
2.90 

2.80 
2.25 
2.40 
3.75 
4.10 
2.85 
2.60 
2.50 
2.45 
2.46 

20 

21 

22 

23 

24 

26 

28 

27 

28 

29 

80 

81 

1.10 

J 

DBAINAOE   BASIN   OF   THE   JAMES   BIYER. 
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GLASGOW  STATION  ON  NOBTH  BIVBB. 

This.Btation,  described  in  the  Eighteenth  Annual  Eeport,  Part  lY^ 
page  36,  is  at  the  Glasgow,  Virginia,  coanty  bridge  about  1  mile  above 
the  mouth  of  North  Eiver.  The  height  of  water  is  observed  by  means 
of  a  wire  gage,  the  board  being  placed  on  the  guard  rail  on  the  lower 
side  of  the  bridge  and  graduated  in  feet  and  tenths.  The  distance  from 
the  top  of  the  bridge  over  the  gage  to  the  zero  is  32.24  feet,  and  that 
from  the  end  of  the  weight  to  the  marker  of  the  gage  is  27.86  feet.  The 
observer  is  B.  G.  Baldwin.  Discharge  measurements  are  made  at  the 
bridge.  The  initial  point  for  sounding  is  on  the  left  bank.  The  channel 
is  straight  for  about  200  feet  above  and  below  the  station,  but  farther 
downstream  it  is  curved,  and  the  water  moves  with  moderate  velocity. 
The  stream  is  confined  within  its  channel  by  the  bridge  abutments, 
except  at  very  high  water,  when  it  may  overflow  the  left  bank.  The 
bed  is  composed  of  rock  and  gravel  and  is  fairly  permanent.  The  fol- 
lowing discharge  measurements  were  made  by  Prof.  D.  C.  Humphreys 
and  F.  H.  Anschutz  during  1897 : 

May  29,  gage  height,  1.91  feet ;  dlBcharge,  546  seoond-feet. 
Aagust  14,  gage  height,  1J.7  feet;  discharge,  208  second-feet. 
October  14,  gage  height,  1.30  feet;  discharge*,  223  second-feet. 

Daily  gage  height,  in  feet,  of  North  River  at  U-langow,  Virginia,  for  1897. 


Day. 


Jan. 


1. 
2. 
3. 
4. 

5. 

6. 

7. 

8. 

9. 
10. 
11. 
12. 
13. 
14. 
15. 
16. 
17. 
18. 
19. 
20. 
21. 
22. 
23. 
24. 
25. 
26. 
27. 
28. 
29. 
30. 
81. 


1.52 
1.61 


1.S5 
1.60 
1.75 
1.65 
1.60 
1.65 
1.65 
1.60 
1.60 
1.58 
1.58 
1.55 
1.52 
1.53 
1.55 
1.55 
1.52 
1.70 
1.90 
2.02 
1.08 
1.90 
1.85 
1.75 
1.70 
1.60 
1.60 
1.65 


Feb. 


1.70 
1.74 
1.76 
1.80 
1.92 
4.70 
6.05 
4.86 
4.50 
3.62 
3.51 
3.32 
4.40 
4.05 
3.81 
4.00 
3.00 
3.50 
3.40 
8.40 


5.10 
7.72 
5.35 
4.75 
3.36 
3.15 
2.95 


Mar. 


2.85 
2.68 
2.68 
2.50 
2.46 
2.40 
2  40 
2.42 
2.40 
2.48 
2.48 
2.58 
3.00 


4.26 
3.70 
8.27 
3.33 


3.72 
3.46 
3.20 
3.00 
3.00 
2.90 
2.70 
2.60 
2.54 
2.42 
2.31 
2.30 


Apr.  May. 


2.22 
2.21 
2.22 
2.27 
2.38 
2.58 
2.55 
2.50 
2.52 
2.62 


2.52 
2.38 
2.30 
2.27 
2.25 
2.14 
2.08 
2.00 
2.0O 
1.00 
1.88 
1.88 
1.87 
1.86 
1.86 
1.80 
1.75 
1.75 
1.75 


1.78 
5.80 
4.70 
3.52 
3.05 
2.76 
2.58 
2.40 


2.20 
2.20 
2.22 
4.70 
7.30 
4.42 


3.20 
2.93 
2.77 
2.56 
2.50 
2.35 


2.23 
2.20 
2.10 
2.02 
2.00 
1.95 


1.90 


June. 


1.85 
1.78 
1.75 
1.75 
1.85 


1.87 
1.85 
1.80 
1.75 
1.70 
1.63 


1.65 
1.72 
1.66 
1.67 
1.66 
1.65 

>  •  ■  *  «  ■ 

1.90 
1.70 
1.62 
1.60 
1.60 
1.50 
1.45 
1.40 
1.40 
1.38 


July. 


1.35 

2.65 

1.95 

1.88 

1.80 

1.73 

1.66 

1.60 

1.52 

1.45 

1.38 

1.30 

1.25 

1.20 

1.20 

1.18 

1.12 

1.40 

1.30 

1.30 

1.35 

1.70 

(a) 

(o) 

(a) 

1.25 

1.25 

1.26 

1.23 

1.23 

1.24 


Aug.    Sept. 


1.20 
1.20 
1.14 
1.52 
1.32 
1.25 
1.18 
1.18 
1.15 
1.18 
1.15 
1.12 
1.17 


1.20 
1.20 
1.16 
1.10 
1.10 
1.08 


1.14 
1.40 
1.30 
1.30 
1.42 
1.27 


1.20 
1.18 


1.17 
1.14 
1.10 
1.10 
1.08 
1.05 
1.08 
1.07 
1.05 
1.00 
1.00 


1.05 
1.10 
1.08 
1.10 
1.08 
I.IO 
1.10 
1.05 
1.08 
1.10 
1.10 
1.12 
1.11 
1.10 
1.10 
1.09 
1.10 
1.10 


Oct. 


1.08 
1.05 
1.05 
1.02 
1.03 
1.03 
1.03 
1.02 
1.02 
1.00 
1.10 
1.20 
1.18 
1.15 
1.20 
1.18 
1.20 
1.18 
1.20 
1.20 
1.20 
1.25 
1.20 
1.18 
1.20 
1.20 
1.18 
1.22 
1.15 
1.25 
1.28 


Nov. 


1.40 
1.65 
1.60 
1.50 
1.41 
1.30 
1.20 
1.41 
1.25 
1.23 
1.20 
1.18 
1.18 
1.18 
1.20 
1.18 
1.20 
1.15 
1.21 
1.15 
1.16 
1.15 
1.15 
1.20 
1.12 
1.15 
1.20 
1.20 
1.40 
1.42 


aJ9C» 


1.40 
1.42 
1.38 
1.41 
1.60 
1.80 
1.75 
1.68 
1.60 
1.52 
1.50 
1.45 
1.45 
1.56 
2.62 
2.65 
2.15 
2.00 
1.85 
1.70 
1.65 
1.80 
1.75 
1.70 
1.68 
1.75 
1.80 
1.80 
1.75 
1.68 
1.60 


a  Gage  broken. 
July  4>14  interpolated  by  1).  C.  Humphreys. 
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OPERATIONS  AT   KIVER   STATIONS,  1897. 


BUCHANAN  STATION  ON  JAMES  BIYBB. 

This  station,  described  in  the  Eighteenth  Annual  Report,  Part  lY, 
page  39,  is  on  James  Biver,  about  20  miles  above  the  month  of  l^orth 
Eiver  and  one-half  mile  above  the  month  of  Purgatory  Greek,  at  the 
new  iron  bridge  at  Buchanan,  Virginia.  The  gage  is  of  wire,  and  the 
scale  is  painted  in  feet  and  tenths.  The  bench  mark  at  this  point  is 
the  top  of  a  stone  post  under  the  southwest  corner  of  the  x>orch  of  the 
Chesapeake  and  Ohio  passenger  station;  the  elevation  of  the  bench 
mark  is  24.68  feet  above  the  zero  of  the  gage.  The  highest  point  on  a 
prominent  ledge  of  rock  on  the  left  bank,  about  500  feet  above  the 
bridge,  is  17.48  feet  above  the  zero  of  the  gage.  On  April  3, 1897,  the 
zero  of  this  gage  was  lowered  2  feet  to  avoid  negative  readings.  The 
published  gage  readings  for  1897  are  referred  to  this  new  gage.  A 
new  iron  bridge  was  erected  at  this  point  in  ^November,  and  future  dis- 
charge measurements  will  be  made  at  this  bridge,  on  which  the  gage  is 
located.  Discharge  measurements  were  made  at  a  bridge  three-fourths 
of  a  mile  above,  as  the  old  covered  bridge  was  not  suited  to  the  par- 
pose.  The  initial  point  was  taken  on  the  right  bank ;  the  channel  is 
nearly  straight  both  above  and  below,  and  the  bed  of  the  stream  is 
mostly  solid  rock  and  is  subject  to  but  little  change.  The  following 
measurements  were  made  by  D.  G.  Humphreys  and  others  during  1897: 

April  1,  gage  height;  3.30  feet ;  discharge,  2,007  seoond-feet. 
May  30,  gage  height,  2.70  feet;  discharge,  994  second-feet. 
October  13,  gage  height,  1.70  feet ;  discharge,  578  second-feet. 


Daily  gage  height,  in  feet,  of  James  River  at  Buohananf  Virginia^  far  JS97. 


Day. 


1. 

2. 

3. 

4. 

5. 

0. 

7. 

8. 

9. 
10. 
11. 
12. 
13. 
U. 
15. 
16. 
17. 
18. 
19. 
20. 
21. 
22. 
23. 
24. 
25. 
26. 
27. 
28. 
29. 
80. 
81. 


Jan. 


2.10 
2.10 
2.10 
2.10 
2.10 
2.10 
2.10 
2.10 
2.10 
2.10 
2.10 
2.10 
2.10 
2.10 
2.10 
2.10 
2.10 
2.10 
2.10 
2.10 
2.30 
2.30 
2.80 
2.70 
2.00 
2.80 
2.60 
2.90 
2.90 
2.90 
2.70 


Feb. 


2.70 
2.80 
2.90 
2  90 
2.00 
8.00 
12.15 
8.80 
7.25 
6.75 
6. 10 
5.80 
8.15 
6.50 
6.20 
6.25 
6.50 
5.55 
5.30 
6.30 
6.05 
11.50 
14.00 
11.65 
7.50 
6.10 
5.35 
4.75 


Mar. 


4.25 
4.10 
3.85 
3.70 
3.60 
3.50 
3.50 
3.75 
3.70 
3.70 
4.45 
4.90 
6.25 
5.85 
7.90 
6.45 
3.60 
5.10 
6.00 
6.75 
6.35 
5.65 
5.00 
4.65 
4.45 
4.15 
3.95 
3.80 
3.65 
3.50 
3.40 


Apr. 


3.80 
3.30 
3.00 
3.00 
3.15 
4.15 
4.00 
3.75 
3.6U 
4.10 
4.20 
3.96 
3.70 
3.60 
3.60 
3.50 
3.35 
3.20 
3.10 
3.00 
3.00 
2.90 
2.80 
2.80 
2,70 
2.70 
2.70 
2.60 
2.60 
2.60 


May. 


2.60 
6.40 
7.75 
5.85 
5.20 
5.15 
4.85 
4.60 
4.15 
3.95 
3.85 
3.35 
6.15 
10.45 
7.30 
6.90 
5.00 
4.55 
4.10 
8.80 
3.55 
8.35 
3.15 
3.15 
3.20 
3.10 
8.00 
2.90 
2.75 
2.70 
2.55 


June. 


2.50 
2.50 
2.50 
3.00 
2.65 
2.60 
2.50 
2.50 
2.50 
2.40 
2.40 
2.35 
2.30 
2.80 
2.40 
2.40 
2.40 
2.40 
2.40 
8.10 
2.50 
2.50 
2.50 
2.40 
2.80 
2.20 
2.40 
2.30 
2.20 
2.10 


July. 

Aug. 

Sept 

Oct. 

Nov. 

2.10 

2.20 

1.80 

1.30 

1.60 

2.20 

2.10 

1.80 

1.30 

1.80 

3.05 

2.00 

1.70 

1.30 

1.80 

2.70 

2.00 

1.70 

1.30 

1.80 

2.45 

2.40 

1.70 

1.30 

1.70 

2.30 

2.10 

1.70 

1.30 

1.70 

2,30 

2.00 

1.70 

1.30 

1.60 

2.50 

2.00 

1.60 

1.30 

1.60 

2.45 

2.00 

1.60 

1.30 

1.60 

2.30 

1.90 

1.60 

1.30 

1.60 

2.20 

1.90 

1.60 

1.30 

1.60 

2.20 

1.90 

1.60 

1.76 

1.60 

2.20 

1.90 

LOO 

1.75 

1.50 

2.20 

1.90 

1.60 

1.70 

1.40 

2.20 

1.90 

1.00 

1.70 

1.35 

2.20 

1.80 

1.00 

1.70 

1.30 

2.20 

1.80 

1.50 

1.70 

1.30 

2.10 

1.80 

1.50 

1.60 

1.30 

2.20 

1.80 

1.50 

1.00 

1.30 

2.20 

1.80 

1.50 

l.fiO 

1.80 

2.30 

1.80 

L50 

1.50 

1.30 

3.35 

1.80 

1.50 

1.50 

1.30 

3.30 

1.80 

1.55 

1.70 

1.30 

3.05 

2.25 

1.90 

1.70 

1.30 

3.05 

2.10 

1.00 

1.70 

1.30 

2.75 

2.00 

1.50 

1.70 

1.30 

2.55 

2.00 

1.50 

1.70 

1.80 

2.50 

1.90 

1.50 

1.00 

1.30 

2.45 

1.90 

1.40 

1.60 

1.40 

2.40 

1.90 

1.40 

1.60 

1.50 

2.30 

1.80 

1.60 

1 


Deo. 


1.70 
1.80 
LW 
2.]0 

2.ao 

2.30 
2.» 
120 
1» 
120 
130 
130 
130 
120 
1» 
18S 
100 
170 
IW 
170 
170 
170 
100 

t» 
190 
100 
100 
185 
ITO 
100 
2.60 


SOUTH  ATLANTIC  WATERSHED. 
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BOANOKE  STATION  ON  BOANOKE  BIYEB. 

This  station,  described  in  the  Eighteenth  Annual  Eeport,  Part  lY, 
page  42,  is  located  in  the  edge  of  the  town  of  Boanoke,  Virginia.,  at  the 
Walnut-street  bridge.  The  gage  is  of  wire,  and  the  scale  is  painted  in 
feet  and  tenths  on  a  horizontal  rod  fastened  to  the  floor  of  the  bridge. 
The  distance  from  the  end  of  weight  to  marker  is  24.39  feet.  The  top 
of  lower  end  of  first  floor  beam  is  21.99  feet  above  datum  of  gage.  The 
right  bank  is  above  high  water,  but  the  left  may  overflow  at  extreme 
high  water.  The  channel  is  nearly  straight  and  the  current  good.  The 
observer  is  A.  B.  Eawn.  A  discharge  measurement  was  made  on  April 
3,  1897,  by  F.  H.  Anschutz,  when  the  water  stood  at  a  height  of  1.52 
feet,  giving  a  discharge  of  320  second-feet. 

Daily  gage  heighty  in  feet,  of  Roanoke  Hirer  at  lioanoke,  Virginia,  for  1897, 


Day. 


1 

2 

3 

A 

6 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

26 

27. 

28. 

29. 

30. 

31. 


Jan.    Feb. 


0.75 
.70 
.70 
.65 
.63 
.60 
.  55 
.50 
.45 
.45 
.45 
.45 
.45 
.45 
.50 
.60 
.65 
.60 
.60 
.66 
.68 
.70 
.70 
.65 
.65 
.60 
.50 
.60 
.50 
.50 
.45- 


0.45 
.45 
.45 
.45 
.50 
6.82 
3.78 
2.60 
2.20 
1.95 
1.90 
3.00 
2.90 
2.50 
2.20 
2.00 
1.95 
1.80 
1.55 
1.45 
4.50 
4.40 
8.30 
3.50 
2.60 
2.20 
1.90 
1.85 


Mar. 


1.75 
1.55 
1.20 
1.00 
.95 
.90 
1.85 
1.25 
1.00 
.95 
.90 
1.95 
2.20 
3.60 
8.85 
3.30 
3.00 
3.00 
2.90 
2.76 
2.60 
2.45 
2.10 
1.95 
1.75 
1.45 
1.25 
1.65 
1.63 
1.60 
1.58 


Apr. 


1.55 
1.55 
1.50 
1.85 
1.80 
1.75 
1.70 
1.65 
1.60 
1.55 
1.50 
1.50 
1.50 
1.50 
1.50 
1.60 
1.55 
1.50 
1.45 
1.45 
1.40 
1.40 
1.40 
1.40 
1.40 
1.35 
1.30 
1.30 
1.25 
1.20 


Maj'. 


1.55 
4.00 
3.85 
3.45 
2.95 
2.75 
2.60 
2.50 
2.25 
1.90 
1.60 
1.58 
1.65 
1.55 
1.75 
1.70 
1.65 
1.60 
1.55 
1.55 
1.55 
1.50 
1.50 
1.50 
1.45 
1.45 
1.40 
1.40 
1.40 
1.35 
1.35 


Juiic<. 


1.30 
1.30 
1.75 
1.70 
1.65 
1.60 
1.55 
1.55 
1.50 
1.50 
1.50 
1.45 
1.45 
1.40 
L45 
1.40 
1.40 
1.35 
1.75 
1.75 
1.70 
1.65 
1.60 
1.55 
1.50 
1.40 
1.00 
.72 
.72 
.72 


Jnly. 


0.70 

.70 

.75 

.72 

.72 

.72 

.72 

,70 

.70 

.65 

.62 

1.00 

1.00 

.95 

.90 

.86 

1.00 

1.10 

1.00 

1. 10 

1.55 

1.45 

1.95 

1.85 

1.70 

1.55 

1.40 

1.25 

1.00 

.80 

.75 


Aug. 


0.75 

.75 

.80 

.80 

1.75 

1.70 

1.65 

1.40 

1.20 

1.00 

.80 

.75 

.75 

.75 

.70 

.70 

.70 

.70 

.70 

.65 

.65 

.65 

.90 

1.10 


.75 
.75 
.80 


Sept. 


0.75 

.70 

.65 

.65 

.65 

.65 

.65 

.60 

.60 

.60 

.55 

.45 

.45 

.45 

.40 

.40 

.40 

.35 

.35 

.35 

.35 

.35 

1.85 

1.85 

1.75 

1.70 

1.05 

1.60 

1.55 

1.55 


Got. 


1.50 

1.45 

1.40 

1.80 

1.25 

1.20 

1.10 

1.00 

.90 

.90 

.85 

.85 

1.90 

1.95 

1.85 

1.70 

1.45 

1.20 

1.00 

1.20 

1.10 

1.00 

.90 

.90 

.85 

1.10 

1.10 

1.00 

.96 

.90 

.85 


Nov. 


0.85 
.85 
.80 
.80 
.80 
.75 
.76 
.76 
.75 
.70 
.70 
.65 
.60 
.60 
.60 
.60 
.60 
.60 
.00 
.55 
.55 
.55 
.55 
.55 
.50 
.50 
.50 
.60 
.60 
.50 


Dec. 


0.50 

.60 

.50 

.90 

1.30 

1.15 

1.10 

1.00 

.95 

.96 

.90 

.85 

.86 

.80 

.80 

.80 

.80 

.80 

.85 

.85 

.90 

.90 

.90 

.95 

.96 

.95 

.95 

1.00 

1.00 

1.10 

1.10 


26  OPERATIONS   AT   RIVER   STATIONS,  1897. 

GLARKSYILLE  STATION  ON  DAN  AND  STAUNTON  RIYEBS. 

This  station,  described  in  the  Eighteenth  Annual  Beport,  Part  lY, 
page  42,  is  a  short  distance  above  the  junction  of  the  Dan  aDd  Staan- 
ton  rivers,  which  unite  to  form  the  Boanoke  Ei ver.  On  Dan  Eiver  the 
rod  is  fastened  to  the  inside  of  the  guard  rail  of  the  foupth  panel  of 
the  third  span  west  of  the  Southern  Railroad  bridge.  The  distance 
from  the  zero  of  the  rod  to  the  outside  of  the  ])ulley  wheel  is  3  feet; 
the  length  of  the  wire  rope  is  33.17  feet.  The  water  power  from  Dan 
River  has  been  developed  to  a  cousiderable  extent  at  Danville.  An 
examination  at  points  above  showed  that  the  dams  at  Danville  pond 
the  water,  and  as  a  result  modify  the  natural  characteristics  of  the 
stream.  The  gage  on  Staunton  Biver  is  fastened  to  the  inside  of  the 
guard  rail  of  the  fourth  panel  of  the  third  span  from  the  west.  The 
distance  from  the  zero  to  the  outside  of  the  pulley  wheel  is  3  feet;  the 
length  of  the  wire  gage  is  33.0  feet;  the  distance  of  the  water  surface 
below  the  top  and  upper  end  of  the  third-floor  beam  of  the  second  span 
from  the  west  was  27.15  feet  when  the  gage  height  was  0.25  foot.  The 
distance  from  the  east  abutment  of  the  Dan  Biver  bridge  to  the  west 
abutment  of  the  Staunton  Biver  bridge  is  165  feet.  The  observer  is 
Lucius  Wootton.  About  4  miles  above  the  junction  of  the  Dan  and 
Staunton  rivers  is  a  cut-off,  apparently  occupying  an  old  chanoel, 
diverting  water  from  the  Dan  to  the  Staunton.  This  cut-off,  by  carry- 
ing water  from  the  Dan,  vitiates  the  separate  computations  of  discbarge 
made  at  the  stations  below,  but  does  not  affect  the. total  discharge  for 
the  Boanoke.  The  following  measurements  were  made  during  1897  bj 
E.  W.  Myers: 

On  Dan  Eiver : 

Felimary  25,  gage  height,  12.33  feet;  discharge,  26,015  seoond-feet. 

March  18,  gage  height,  4.20  feet ;  discharge,  7,755  second-feet. 

Septemher  29,  gage  height,  0.10  foot;  discharge,  856  seoond-feet. 

On  Staunton  River : 

Fehraary  25,  gage  height,  11.95  feet;  discharge,  29,259  second-feet. 

March  18,  gage  height,  3.67  feet ;  discharge,  8,326  second-feet. 

September  29,  gage  height,  —  0.25  foot ;  discharge,  763  seoond-feet. 


SOUTH   ATLANTIC   WATERSHED. 
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Daily  gage  height,  in  feet,  of  Dan  Biver  at  Clarhevillef  Virginia,  for  1897, 


Day. 


1. 
2. 

3. 
4. 
5. 

7. 

8. 

9. 
10 
11. 
12. 
13. 
14. 
15. 
10. 
17- 
!8. 
19. 
20. 
•Jl. 
22. 
2:1. 
24. 
23- 
26 
27. 
28. 
29. 
3U. 
31. 


Jan. 

Feb. 

Mar. 

Apr. 
1.98 

May. 

Jane. 

July. 

Ang. 

Sept. 

Oct. 

Nov. 

Deo. 

1.75 

2.70 

2.90 

1.72 

1.60 

1.10 

0.71 

0.23 

0.05 

1.55 

2.75 

1.75 

3.20 

2.75 

1.95 

2.<«5 

1.56 

1.U3 

.67 

.20 

.05 

1.92 

2.85 

1.74 

4.05 

2.67 

2.00 

5.30 

1.55 

.08 

.55 

.15 

.03 

2.46 

2. 05 

1.74 

2.70 

2.35 

2.15 

4.80 

1.63 

.96 

.48 

.16 

.01 

2.05 

1.90 

1.75 

1.85 

3.55 

2.35 

3.25 

1.70 

.90 

.42 

.00 

—  .03 

1  60 

1.85 

1.77 

2.35 

4.65 

2.85 

3.10 

1.08 

.87 

.38 

.00 

—  .05 

1.20 

1.65 

1.75 

«.85 

4.75 

3.15 

3.70 

1.06 

.83 

.:'5 

.00 

.09 

.98 

1.40 

1.71 

12.29 

4.60 

3.45 

3.45 

1.04 

.98 

,3,5 

.00 

—  .15 

.85 

1.18 

1.68 

9.20 

4.47 

3.25 

3.05 

1.04 

.90 

.87 

.00 

—  .02 

.68 

1.05 

1.05 

4.75 

3.98 

4.10 

2.75 

1.03 

.85 

.73 

.00 

+  .06 

.55 

.85 

1.62 

3.15 

4.03 

3.72 

3.25 

1.02 

.80 

.79 
T68 

.00 

.05 

.42 

.70 

1.60 

2.70 

4.78 

3.45 

3.95 

1.00 

.70 

.00 

1.10 

.35 

.65 

1.58 

3.95 

4.90 

3.15 

4.25 

.98 

1.75 

.65 

.00 

1.95 

.25 

.60 

1.65 

3.35 

5.70 

2.95 

4.98 

.98 

1.30 

.48 

.00 

1.25 

.25 

.65 

1.68 

3.15 

4.95 

2.70 

5.30 

.96 

1.18 

.42 

.00  1 

1.10 

.18 

.85 

1.65 

3.70 

4.10 

2.45 

4.65 

..95 

.90 

.48 

.00^ 

.95 

.14 

.95 

1.68 

4.05 

3.45 

2.17 

4.15 

.94 

.75 

.55 

.00 

1.65 

.10 

1.26 

2.50 

3.25 

4.30 

2.05 

3.75 

.92 

.88 

.75 

.00 

2.10 

.05 

1.55 

3  45 

2.85 

3.95 

1.08 

8.15 

.90 

1.98 

.85 

.00 

2.48 

.25 

1.40 

4.05 

3.35 

3.62 

1.90 

2.85 

.95 

1.85 

.95 

.09 

3.00 

.23 

1.10 

3.50 

4.10 

3.40 

1.86 

2.25 

.90 

2.25 

1.08 

.00 

1.55 

.23 

1.70 

2.65 

6.70 

3.22 

1.78 

1.90 

.88 

1.48 

.70 

.00 

.75 

.22 

2.85 

2.05 

8.45 

3.03 

1.75 

1.88 

.90 

1.25 

.89 

.00 

1.10 

.20 

4.10 

1.85 

11.52 

2.70 

1.75 

1.85 

.95 

1.17 

.75 

.00 

.88 

.18 

3.45 

1.75 

12.80 

2.55 

1.72 

i.ai 

.93 

.98 

.58 

.05 

.65 

.30 

2.66 

1.55 

4.64 

2.35 

1.68 

1.79 

.90 

.79 

.42 

.25 

.85 

.35 

2.18 

1.25 

3.25 

2.28 

1.63 

1.77 

.88 

.70 

.35 

.40 

1.15 

.58 

1.80 

.85 

3.05 

2.25 

1.60 

1.73 

.95 

.68 

.30 

.25 

2.25 

2.10 

1.45 

1.15 

2.15 

1.57 

1.66 

.88 

1.15 

.28 

.10 

2.85 

5.40 

1.20 

1.25 

2.08 

1.55 

1.63 

.80 

1.08 

.28 

.08 

2.10 

3.85 

1.10 

2.10 

2.03 



1.60 

.77 

.25 

1.85 

.95 

Daily  gage  height,  in  feet,  of  Staunton  Biver  at  Clarkeville,  Virginia,  for  1897. 


Day. 


1 

2. 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

26 

27 

28 

29 

30 

31 


Jan. 


Feb. 


2.75 
2.75 
2.74 
2.74 
2.75 
2.77 
2.75 
2.71 
2.68 
2.65 
2.62 
2.60 
2.58 
2.65 
2.68 
2.65 
2.68 
3.51 
4.47 
6.07 
4.52 
3.66 
3.06 
2.85 
1.74 
1.54 
1.24 
.83 
1.14 
1.24 
2.85 


8.60 
4.10 
4.92 
3.55 
2.68 
3.23 
6.05 
11.85 
8.85 
4  25 
2.58 
2.20 
3.50 
2.85 
2.55 
3.15 
3.70 
2.90 
2.35 
2.85 
2.90 
6.07 
7.75 
10.70 
12.04 
3.05 
2.65 
2.36 


Mar. 


Apr. 


2.25 
2.12 
2.05 
1.93 
2.85 
4.02 
4.20 
4.06 
3.85 
3.35 
3.45 
4.20 
4.35 
5.15 
4.37 
3.60 
2.97 
3.78 
3.40 
3.15 
2.90 
2.77 
2.50 
2.30 
2.05 
1.98 
1.83 
1.80 
1.72 
1.68 
1.65 


1.60 
1.55 
1.60 
1.70 
1.92 
2.52 
2.75 
2.95 
2.72 
3.55 
3.15 
2.85 
2.53 
2.30 
2.05 
1.76 
1.46 
1.45 
1.38 
1.33 
1.28 
1.20 
1.15 
1.15 
1.15 
1.12 
1.08 
1.05 
1.01 
.95 


May.  I  June. 


1.15 
2.48 
4.72 
4.30 
2.70 
2.52 
3.10 
2.98 
2.60 
2.28 
2.85 
3.45 
3.73 
4.43 
4.72 
4.10 
3.66 
3.28 
2.75 
2.58 
1.70 
1  57 
1.33 
1.29 
1.26 
1.21 
1.18 
1.13 
1  05 
1.02 
1.00 


1.00 
.96 
.96 
1.03 
1.11 
1.09 
1.06 
1.05 
1.05 
1.02 
1  98 
1.96 


Jaly, 


0.65 
.60 
.57 
.54 
.61 
.66 
.59 
.48 
.34 
1.15 
.80 
.61 
.50 
.40 
.48 
1.43 
1.35 
1.05 
1.15 
.87 
.84 
.51 
.46 
.34 
.32 
.78 
.58 
.45 


Aug. 

Sept. 

Oct. 

Nov. 
1.00 

Dec. 

0^5 

0.30 

—0.31 

2.20 

.31 

.20 

.31 

1.50 

1.85 

.28 

.00 

—  .35 

2.12 

1.63 

.20 

.00 

-  .40 

1.56 

1.47 

.14 

.00 

—  .45 

.95 

1.30 

.10 

.00 

.48 

.78 

1.18 

.08 

.00 

—  .52 

.59 

1.02 

.08 

.00 

—  .58 

.43 

.84 

.09 

.00 

—  .65 

.25 

.70 

.40 

.00 

—  .40 

.12 

.52 

.46 

.00 

4-  .40 

.05 

.40 

.31 

.00 

.60 

.02 

.37 

.29 

.00 

1.55 

—  .05 

.35 

.20 

.00 

.66 

-  .10 

.87 

.14 

.00 

.60 

—  .20 

.52 

.20 

.00 

.53 

-  .24 

.57 

.28 

.00 

1.05 

—  .30 

.65 

.40 

.00 

1.33 

—  .38 

1.00 

.50 

.00 

1.79 

-  .10 

1.02 

.65 

.00 

2.30 

—  .13 

.72 

.71 

.00 

1.00 

—  .13 

1.25 

.34 

.00 

.25 

—  .14 

1.85 

.48 

.00 

.60 

-  .16 

4.50 

.40 

.00 

.30 

-  .20 

2.88 

.30 

.00 

.07 

—  .05 

2.08 

.16 

.00 

.28 

-  .02 

1.68 

.01) 

.05 

.62 

+  .17 

1.35 

.07 

.00 

1.86 

1.33 

1.05 

,30 

—.2% 

2.40 

4.70 

.80 

.80 

-.28 

1.33 

2.77 

.70 

.50 

1.30 

.57 

Jane  13  to  July  3  no  reports ;  repairing  bridge. 
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OPERATIONS   AT   BIVER   STATIONS,  1897. 


NEAL  STATION  ON  SOANOKB  BITES. 

This  Station,  described  in  the  Eighteenth  Annual  Beport,  Part  lY, 
page  47,  is  on  the  Norfolk  and  Carolina  Bailroad  bridge  near  Neal, 
Korth  Carolina.  The  zero  of  the  gage  rod  is  oyer  the  center  of  the 
fourth  floor  beam  of  the  second  span  from  the  north  end  of  the  bridge. 
The  distance  from  the  zero  of  the  rod  to  the  outer  rim  of  the  pnlley  is 
2.47  feet,  and  the  distance  from  the  end  of  the  weight  to  the  x>ointer  on 
the  wire  is  44.60  feet.  The  section  is  a  fairly  good  one,  for  the  course 
of  tlie  river  is  straight  for  some  distance  above  and  below  the  station, 
and  the  bottom  is  smooth.  Being  muddy,  however,  the  bottom  is  apt 
to  cut  out  in  seasons  of  high  water,  and  both  banks  are  liable  to  over- 
flow. The  observer  is  W.  M.  Adams,  Keal,  North  Carolina.  The  fol- 
lowing measurements  were  made  during  1897  by  E.  W.  Myers: 

January  23,  gage  height,  12.65  feet ;  discharge,  13, 155  second-feet. 
February  27,  gage  height,  27.95  feet;  discharge,  64,132  second -feet. 
March  17,  gage  height  24.71  feet;  discharge,  37,659  second-feet. 
May  17,  gage  height,  18.40  feet ;  discharge,  19,219  second-feet. 
October  1,  gage  height,  1.00  feet;  discharge,  1,928  second-feet. 


Daily  gage  height,  in  feet,  of  Roanoke  River  at  Neal,  North  Carolina,  for  1897. 


Bay. 

Jan. 

1 

4.40 
4.70 
5.00 
4.90 
4.90 
4.60 
4.40 
4.40 
4.50 
4.60 
4.20 
3.90 
8.80 
4.00 
4.20 
4.20 
4.10 
4.20 
4.60 
4.70 
5.00 
7.00 
12.65 
13.90 
13.00 
10.80 
8.60 
7.60 
5.90 
3.40 
8.10 

2 

8 

4 

5 

6 

7 

8 

9 

10 

11 

12 

18 

14 

15 

le 

17 

18 

19 

20 

21 

22 

23 

24 

S.. ::::;:.. 

26 

27 

28 

29 

30 

31 

Feb. 


3.40 
4.80 
11.50 
20.25 
21.50 
20.90 
21.10 
22.80 
24.30 
26.30 
26.55 
24.65 
22.70 
21.20 
20.60 
10.20 
18.00 
17.00 
16.70 
14.70 
14.20 
20.15 
22.45 
24.05 
25.80 
27.25 
28.00 
26.40 


Mar. 

Apr. 

May. 

24.20 

9.30 

6.40 

23.70 

9.00 

6.40 

19.10 

8.70 

6.80 

16.90 

8.50 

12.60 

11.90 
13.60 

8.40 

17.10 

9.40 

14.90 

15.20 

11.00 

12.40 

21.05 

14.10 

10.60 

22.25 

13.40 

9.10 

22.70 

14.10 

8.10 

22.20 

19.90 

7.40 

21.60 

19.60 

6.90 

22.30 

17.00 

7.00 

23.40 

14.40 

8.90 

23.90 

12.50 

17.80 

24.40 

11.10 

19.40 

24.70 

10.20 

19.10 

24.40 

9.70 

16.70 

23.40 

9.40 

13.70 

22.00 

9.00 

11.20 

20.70 

8.40 

9.50 

20.40 

7.80 

8.40 

19.30 

7.40 

7.80 

17.60 

7.10 

7.40 

15.90 

6.80 

7.30 

14.50 

6.70 

7.40 

13.40 

6.60 

11.00 

12.20 

6.50 

1L40 

11.30 

6.50 

9.37 

10.40 

6.60 

7.40 

9.80 

6.30 

Jane.' July. 


5.90 
5.50 
5.90 
5.90 
5.80 
4.90 
6.70 
7.40 
7.50 
6.20 
6.60 
6.00 
5.60 
6.30 
4.70 
4.40 
4.10 
4.00 
3.90 
8.60 
5.30 
11.40 
11.50 
8.10 
6.80 
4.40 
4.10 
4.60 
4.75 
4.50 


3.90 
3.40 
3.10 
6.80 
6.90 
5.30 
3.00 
8.80 
3.30 
6.00 
6.20 
4.80 
5.40 
5.80 
6.20 
6.90 
6.10 
4.40 
8.40 
3.30 
5.10 
8.30 
9.90 
9.10 
7.10 
5.70 
4.90 
4.70 
4.00 
3.90 
4.40 


Ang. 

Sept 

Oct. 

Not. 

Deo. 

3.90 

2.20 

1.20 

8.10 

11.00 

3.20 

2.10 

.80 

8.40 

10.10 

2.60 

2.90 

.60 

4.20 

8.70 

2.10 

8.90 

.50 

5.50 

7.80 

2.00 

8.40 

.40 

8.10 

6.80 

2.10 

2.60 

.30 

7.50 

6.90 

1.90 

2.00 

.30 

5.80 

7.70 

1.90 

1.60 

.20 

4.50 

7.80 

2.40 

1.10 

.10 

8.60 

7.20 

3.10 

.90 

.10 

3.00 

6.50 

3.00 

.80 

.10 

2.67 

6.70 

8.20 

.60 

.20 

2.50 

4.80 

4.30 

.50 

.20 

2.40 

4.48 

8.80 

.50 

.30 

2.20 

4.10 

2.90 

.40 

.30 

2.15 

4.10 

2.60 

.30 

6.40 

2.10 

4.15 

2.10 

.10 

5.60 

2.00 

6.00 

1.80 

.10 

3.90 

1.93 

7.40 

1.40 

.00 

2.50 

1.93 

7.30 

3.00 

.10 

1.80 

1.93 

6.20 

2.60 

.00 

2.10 

1.90 

5.50 

2.40 

.00 

2.30 

1.90 

5.20 

2.30 

.10 

2.10 

1.90 

6.83 

2.70 

.20 

3.70 

1.80 

11.00 

4.20 

.40 

4.40 

1.80 

12.50 

4.90 

.30 

4.10 

1.90 

4.80 

4.20 

.80 

3.80 

2.00 

9.60 

3.10 

.80 

3.70 

2.00 

9.30 

2.60 

1.90 

3.60 

3.90 

11.00 

2.40 

1.60 

3.70 

11.18 

11.80 

2.40 

3.40 

10.20 

SOUTH   ATLANTIC   WATERSHED. 
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TABBOBO   STATION   ON   TAB  BIYBB. 

This  station,  described  in  the  Eighteenth  Annual  Report,  Part  lY, 
page  «50,  is  on  the  Atlantic  Coast  Line  bridge  crossing  the  riyer  at  Tar- 
boro.  North  Carolina.  The  zero  of  the  gage  is  over  the  center  of  the 
fifth  floor  beam  from  the  east  end  of  the  bridge.  The  outer  rim  of  the 
polley  is  3  feet  from  the  zero  of  the  gage,  and  the  distance  from  the  end 
of  the  weight  to  the  pointer  on  the  wire  is  38.30  feet.  The  gage  read- 
ing is  zero  when  the  weight  touches  the  bottom  of  the  stream.  The 
river  here  is  a  little  obstructed  by  sand  bars.  The  observer  is  B.  H. 
Williams.  The  following  discharge  measurements  were  made  by  E.  W. 
Myers  during  1897 : 

Janaary  23,  gage  height  6.64  feet ;  discharge,  3,520  seoond-feet. 
February  26,  gage  height  13.51  feet ;  discharge,  8,106  second- feet. 
March  15,  gage  height,  18.13  feet;  discharge,  12,993  second-feet. 
May  17,  gage  height,  6.30  feet;  discharge,  3,068  second-feet. 
Jnly  29,  gage  height,  2.25  feet;  discharge,  1,079  second-feet. 
October  2,  gage  height,  —  0.65  feet ;  discharge,  192  second-feet. 

Daily  gage  heightf  in  feet,  of  Tar  River  at  Tarhoro,  North  Carolina,  for  1897, 


D»y. 


1 

2 

8 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

1« 

17 

18 

19 

20 

21 

22 

23 

24 

25 

26 

27 

28 

29 

30. 

31. 


Jan. 

Feb. 

Mar. 

Apr. 

Hay. 

Jane. 

3.60 

8.10 

11.90 

4.36 

2.66 

1.50 

3.55 

5.60 

10.00 

4.30 

4.10 

1.40 

3.fl0 

7.40 

8.00 

4.00 

5.10 

2.70 

3.31 

8.90 

6.90 

4.30 

5.90 

2.20 

8.25 

10.20 

6.20 

4.95 

5.10 

1.75 

3.22 

10.22 

6.60 

6.10 

3.80 

1.50 

3.15 

9.60 

6.60 

7.50 

3.30 

1.86 

3.00 

10.10 

8.55 

8.50 

3.10 

2.00 

2.90 

11.38 

10.30 

7.40 

2.70 

2.02 

2.60 

12.35 

11.80 

7.80 

2.50 

1.55 

2.60 

11.10 

11.70 

11.00 

2.40 

1.30 

2.45 

8.00 

11.10 

13.40 

2.25 

1.35 

2.56 

7.00 

12.80 

14.90 

2.85 

1.15 

2.60 

6.98 

16.00 

14.50 

3.80 

1.10 

3.00 

7.51 

16.50 

13.60 

5.40 

1.10 

3.35 

6.70 

17.90 

11.50 

7.50 

1.05 

3.43 

6.15 

19.20 

8.60 

7.00 

.80 

3.50 

6.30 

19.60 

6.70 

4.60 

1.50 

3.40 

6.20 

19. 7D 

5.70 

3.50 

.90 

3.35 

5.56 

18.15 

5.00 

3.00 

.60 

3.40 

6.00 

16.00 

4.30 

2.70 

.40 

4.30 

7.96 

13.60 

3.90 

2.30 

2.60 

6.25 

9.62 

11.30 

3.70 

1.80 

2.10 

8.30 

11.25 

9.10 

3.50 

1.70 

1.40 

6.45 

12.15 

7.80 

3.40 

1.80 

1.00 

4.80 

13.30 

7.00 

3.10 

1.60 

.80 

4.30 

13.75 

6.20 

3.20 

1.50 

.70 

4.40 

13.00 

5.40 

3.00 

1.90 

.65 

4.10 

4.90 

2.80 

2.00 

1.10 

3.90 

4.70 

2.70 

1.60 

1.09 

3.06 

4.60 

1.40 

July. 


0.70 

.50 

.40 

.30 

.20 

.40 

.30 

1.05 

.60 

.50 

1.60 

1.63 

2.50 

7.20 

5.80 

4.70 

2.80 

2.00 

1.33 

1.28 

1.20 

3.70 

6.05 

5.80 

4.50 

3.30 

2.80 

2.60 

2.25 

2.60 

2.30 


Ang. 


1.80 

1.25 

1.20 

.70 

.50 

.45 

.40 

1.30 

1.00 

.90 

.50 

.40 

.85 

.60 

.20 

.15 

.35 

.10 

-  .10 

-  .08 

-  .08 

-  .05 

-  .15 
.50 
.60 
.62 
.40 
.23 
.05 
.02 
.65 


Sept. 


0.90 

3.00 

5.00 

3.60 

2.10 

1.35 

1.40 

1.00 

.70 

.40 

.10 

-  .05 

-  .07 

-  .02 
.02 

-  .05 

-  .21 

-  .20 

-  .20 

-  .30 

-  .50 

-  .30 

-  .40 

-  .35 

-  .40 

-  .50 

-  .60 

-  .65 

-  .55 

-  .50 


Oct 


—0.60 

—  .65 

—  .70 

—  .62 

—  .64 

—  .40 

—  .60 

—  .60 

—  .70 

—  .60 

—  .50 

—  .52 

—  .50 

—  .51 

—  .63 

—  .71 

—  .90 
—1.00 

—  .90 

—  .80 

—  .50 

—  .55 
.50 
.80 
.70 
.90 
.50 
.70 

1.50 
1.60 
1.30 


+ 


Nov. 

Dec. 

0.80 

2.20 

1.40 

3.10 

2.00 

8.00 

4.60 

2.60 

4.40 

2.30 

3.00 

2.80 

2.10 

3.20 

1.50 

2.80 

1.65 

2.40 

1.20 

2.20 

.80 

1.90 

.90 

1.90 

.70 

1.60 

.50 

1.70 

.60 

1.90 

.70 

2.10 

.50 

2.20 

.40 

2.90 

.45 

2.60 

.60 

2.00 

.40 

2.10 

.45 

2.20 

.65 

3.30 

.45 

6.30 

.40 

6.10 

.35 

4.20 

.45 

4.00 

1.00 

4.10 

1.80 

5.00 

2.10 

4.60 

3.90 

30 


OPERATIONS   AT   BIVEE    STATIONS,  1897. 


SBLMA  STATION   ON  NBUSE  BIVBB. 

This  station,  described  in  the  Eighteenth  Annnal  BexMrt,  Part  lY, 
page  52,  is  located  on  the  Southern  Bailway  bridge  about  3  miles  from 
Selma,  North  Carolina.  The  zero  of  the  gage  rod  is  over  the  center 
of  the  fifth  floor  beam  of  the  first  span  from  the  south  end  of  the 
bridge.  The  distance  from  the  zero  of  the  gage  to  the  outer  rim  of 
the  pulley  is  4  feet,  and  the  distance  from  the  end  of  the  weight  to 
the  pointer  on  the  wire  is  41.05  feet.  The  bed  of  the  river  here  is  sandy 
and  muddy  and  is  liable  to  change  in  high  water.  The  course  of  the 
river  is  straight  and  there  is  only  one  pier  obstruction.  The  observer 
is  C.  Bichardson,  Selma,  North  Carolina.  The  following  discharge 
measurements  were  made  by  E.  W.  Myers  during  1897 : 

January  24,  gage  height,  6.45  feet;  discharge,  1,810  Beoond-feet. 
February  23,  gage  height,  10.60  feet ;  discharge,  4,052  seoond-feet. 
March  10,  gage  height,  7.95  feet;  discharge,  2,639  second-feet. 
May  18,  gage  height,  2.40  feet ;  discharge,  789  second-feet. 
July  28,  gage  height,  1.60  feet;  discharge,  694  second-feet. 
October  1,  gage  height,  — 0.30  foot;  discharge,  109  second- feet. 

Daily  gage  height,  in  feet,  of  Neuee  Biver  at  Selma,  North  Carolina,  for  1897. 


Day. 


1 
2 
3 
4 

5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
80 
31 


Jan. 

Feb. 

Mar. 

Apr. 

May. 
2.20 

Jane. 

July. 

1.30 

1.70 

8.90 

2.60 

6.00 

0.80 

1.40 

2.80 

3.70 

2.50 

3.20 

4.50 

1.20 

1.30 

6.70 

3.40 

2.40 

4.00 

2.00 

.80 

1.20 

7.40 

3.10 

2.00 

6.00 

2.30 

.60 

1.20 

8.60 

2.80 

3.40 

3.80 

1.70 

.50 

1.20 

5.00 

2.80 

10.10 

2.20 

1.80 

.40 

1.20 

12.40 

5.20 

0.70 

2.00 

3.20 

.70 

1.10 

13.20 

0.90 

6.80 

1.00 

2.60 

.60 

1.10 

13.20 

10.50 

4.70 

1.80 

1.00 

.60 

1.10 

7.50 

8.80 

14.50 

1.60 

1.60 

1.20 

1.10 

6.70 

0.00 

13.00 

1.60 

1.40 

1.30 

1.10 

4.40 

11.20 

10.50 

2.20 

2.10 

2.20 

1.20 

4.20 

15.80 

7.00 

2.00 

1.10 

5.50 

1.30 

4.40 

14.70 

5.20 

5.00 

1.00 

5.30 

1.60 

4.50 

16.50 

3.80 

8.80 

.00 

4.80 

1.70 

4.80 

16.80 

8.70 

9.60 

.80 

2.30 

1.70 

4.70 

15.70 

3.50 

4.30 

.70 

1.20 

1.80 

4.50 

15.00 

3.20 

2.60 

.60 

1.10 

2.20 

4.40 

11.70 

2.00 

2.30 

1.10 

1.00 

2.50 

3.00 

8.30 

2.60 

2.00 

.50 

1.30 

2.00 

3.50 

8.20 

2.40 

1.00 

2.20 

4.10 

8.30 

5.50 

6.20 

2.20 

1.80 

1.40 

5.50 

9.30 

10.60 

4.60 

2.10 

1.60 

1.10 

5.60 

8.00 

11.40 

4.20 

2.00 

1.60 

.00 

2.50 

4.30 

11.30 

3.70 

2.00 

1.80 

2.00 

1.60 

4.00 

7.70 

3.40 

1.00 

2.00 

1.30 

2.30 

3.80 

7.30 

3.10 

1.00 

2.40 

.80 

1.00 

3.40 

4.50 

3.00 

1.00 

1.80 

.60 

1.60 

2.80 

2.70 

1.80 

1.40 

.70 

1.60 

2.50 

2.60 

1.80 

1.60 

1.30 

1.10 

2.20 

2.60 

1.60 

.80 

Aug. 


0.70 
.60 
.60 
.40 
.20 
.20 
.20 
.20 
.30 
.20 
.20 
.10 
.10 
.10 
.10 
.10 
.30 
.20 
.10 
.10 
.10 
.80 
1.40 
1.80 
1.40 
.00 
.50 
.30 
.10 
.10 
.10 


Sept. 


0.10 

.10 

.10 

.10 

.20 

.20 

.10 

.10 

.10 

.10 

.10 

.10 

.10 

.10 

.10 

.10 

.10 

.10 

-.10 

—.10 

—.10 

—.10 

—.10 

—.10 

—.10 

—.30 

—.30 

-.30 

—.30 

-.30 


Oct. 


Nov. 


Deo. 


+ 


0.30 
.30 
.W 
.30 
.30 
.30 
.30 
.30 
.30 
.30 
.30 
.30 
.30 
.30 
.30 
.30 
.40 
.40 
.30 
.30 
.10 
.40 
.10 
.20 
.20 
.30 
.40 
.80 
.30 
.20 
.00 


0.00 
.00 
.00 
.46 
.60 
.00 
1.00 
1.00 
1.00 
.80 
.80 
.70 
.40 
.40 
.40 
.40 
.40 
.40 
.30 
.30 
.30 
.30 
.20 
.20 
.20 
.20 
.20 
.20 
1.00 
2.30 


1.80 
1.70 
1.50 
1.40 
130 
2.30 
2.00 


70 
30 
00 
00 
30 


1.10 
1. 00 
1.10 
3.00 
2.70 
1.90 
1.30 
1.30 
2.30 
4.20 
5.» 
6  00 
4.  SO 
3.00 
3.50 
4.10 
4.  SO 

4.20 
3.10 
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PAYETTEVILLB   STATION  ON  OAPB  FEAB  SIYEB. 

This  station,  described  in  the  Eighteenth  Annual  Report,  Part  lY, 
VAge  54,  is  at  the  bridge  of  the  Cape  Fear  and  Yadkin  Valley  Railroad, 
kbout  a  mile  east  of  Fayetteville,  North  Carolina.  The  Weather  Bureau 
las  a  gage  fastened  to  the  lower  side  of  the  east  abutment  of  the  cov- 
tred  highway  bridge,  this  being  about  400  feet  above  the  railroad 
>ridge,  from  which  discharge  measurements  are  made.  For  the  lower 
19  feet  this  gage  consists  of  a  rod  divided  into  tenths  and  firmly  fastened 
o  the  abutment.  Above  the  29-foot  mark  a  scale  is  painted  on  the 
ock.  The  observer  is  Frank  Glover,  who  has  charge  of  the  steamboat 
anding  just  below  the  railroad  bridge.  For  his  convenience  he  has 
ilaced  a  subsidiary  gage  at  the  steamboat  landing  reading  about  the 
;ame  as  the  official  gage,  and  from  this  observations  are  taken.  The 
bllowing  discharge  measurements  were  made  by  £•  W.  Myers  during 
.897 : 

March  12,  gage  height,  23.00  feet ;  disoharge,  16,777  Becond-feet. 
Jnly  27,  gage  height,  7.00  feet ;  discharge,  2,682  second-feet. 
Septemher  30,  gage  height,  0.70  foot;  discharge,  424  second-feet. 

Taily  gage  heightj  in  feet,  of  Cape  Fear  Biver  at  Fayettevilley  North  Carolina,  for  1897. 


Day. 


6.20 
6.00 
5.50 
5.60 
5.30 
5.00 
4.80 
4.60 
4.60 
4.40 
4.20 
4.10 
4.00 
4.50 
6.00 
6.40 
7.80 
7.00 
8.60 
9.60 
7.80 
22 -  20.40 


1. 

2. 

3. 

4. 

5. 

6. 

7. 

8. 

9. 
10. 
11. 
12. 
13. 
14. 
15. 
16. 
17. 
18. 
19. 
20. 
21. 


Jan. 


23. 
24. 
25. 
2«. 
27. 
28. 
29. 
30. 
31. 


24.65 
16.80 
12.60 
8.50 
7.20 
7.00 
6.60 
6.90 
5.  GO 


Feb. 

Mar. 

Apr. 

5.50 

13.40 

7.70 

6.90 

11.70 

8.00 

25.00 

10.20 

7.30 

27.00 

9.00 

8.00 

19.70 

8.50 

9.30 

15.00 

7.60 

27.00 

29.10 

9.20 

28.30 

36.50 

25.60 

22.00 

32.00 

26.20 

15.40 

24.30 

20.00 

23.50 

17.60 

21.40 

28.00 

13.00 

22.00 

22.70 

18.20 

29.70 

18.30 

19.00 

32.00 

14.80 

16.30 

86.40 

12.80 

12.80 

37.60 

10.20 

18.20 

37.60 

10.00 

15.00 

29.00 

9.80 

12.90 

23.80 

8.40 

10.80 

19.20 

7.70 

14.00 

18.00 

7.00 

24.30 

16.60 

6.70 

23.50 

13.70 

6.30 

23.50 

11.20 

5.80 

24.20 

10.00 

5.50 

23.30 

9.30 

5.50 

20.40 

8.40 

5.20 

16.60 

8.00 

4.70 

7.40 

4.50 

7.20 

4.40 

7.20 



May.  I  Jane. 


6.10 

10.00 

14.40 

13.20 

9.30 

8.00 

6.30 

5.60 

5.00 

4.60 

4.20 

5.20 

6.00 

10.00 

17.40 

14.00 

10.30 

8.30 

6.70 

5.50 

4.80 

4.50 

4.30 

4.26 

4.30 

4.60 

4.50 

4.40 

4.00 

4.40 

4.30 


7.00 
8.60 
6.50 
5.00 
4.20 
4.30 
7.00 
5.50 
7.00 
7.80 
5.50 
4.40 
4.20 
3.50 
8.20 
3.00 
2.70 
3.00 
3.50 
4.50 
4.30 
3.50 
3.00 
2.40 
1.80 
4.80 
3.40 
2.80 
3.70 
4.00 


July. 


5.00 
3.20 
2.50 
2.00 
1.90 
3.90 
4.20 
4.80 
4.20 
4.00 
4.00 
3.90 
6.00 
11.10 
6.00 
4.60 
3.20 
3.20 
3.80 
5.50 
16.50 
25.30 
16.40 
12.70 
8.50 
6.10 
7.00 
7.30 
6.00 
5.60 
5.00 


Ang. 


4.70 
3.20 
3.00 
2.70 
2.20 
2.60 
4.10 
6.80 
6.20 
6.20 
5.40 
4.30 
8.50 
3.00 
2.40 
3.80 
3.00 
2.50 
2.20 
3.00 
3.20 
6.00 
5.20 
6.50 
5.60 
4.90 
4.00 
3.50 
2.90 
2.50 
2.50 


Sept. 


2.20 

4.60 

8.60 

3.00 

2.60 

2.10 

1.80 

1.50 

1.10 

1.10 

1.10 

1.10 

.90 

.80 

.70 

.60 

.30 

.80 

.80 

.90 

1.40 

1.40 

1.10 

1.10 

1.10 

1.10 

.90 

1.10 

.80 

.70 


Ool 


0.70 

.70 

.80 

.60 

.70 

.60 

.80 

.20 

.20 

.30 

.60 

.60 

.60 

.60 

.40 

.30 

.30 

.30 

.30 

.40 

.90 

1.50 

1.60 

1.70 

2.00 

2.20 

1.90 

1.90 

1.70 

1.90 

1.70 


Nov. 


1.90 
5.60 
9.70 
9.30 
7.20 
5.00 
4.00 
3.50 
2.90 
2.60 
2.40 
2.50 
2.40 
2.30 
2.00 
2.00 
1.80 
1.60 
1.90 
1.90 
1.70 
1.70 
1.70 
1.50 
1.40 
1.60 
1.70 
1.90 
2.30 
8.50 


Deo. 


5.50 
6.00 
5.10 
4.60 
4.30 
5.10 
5.20 
4.70 
4.10 
3.70 
3.40 
3.30 
3.30 
8.00 
3.00 
4.00 
4.90 
5.20 
4.50 
3.90 
3.50 
3.50 
4.80 
9.00 
7.80 
5.70 
6.00 
10.00 
9.50 
7.10 
5.00 
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OPERATIONS   AT   RIVER   STATIONS,  1897. 


SALISBURY  STATION  ON  YADKIN  BITKB. 


This  station,  described  in  the  Eighteenth  Annual  Bei)ort,  Part  lY, 
page  57,  is  at  the  Southern  Bailway  bridge  near  Holtsburg^  below  the 
mouth  of  Grants  Greek,  about  4  miles  from  Salisbury,  North  Garolina. 
The  10-foot  mark  of  the  gage  rod  is  opposite  the  center  of  the  sixth 
floor  beam  on  the  lower  side  of  tihe  first  span  from  the  west  end.  The 
distance  from  the  zero  of  the  rod  to  the  outside  of  the  pulley  wheel  is 
1.85  feet.  The  length  of  the  wire  rope  and  weight  is  55.10  feet  The 
post-office  address  of  the  observer,  H.  A.  Bagle,  is  Sapona,  North  Caro- 
lina, the  nearest  railroad  station,  Holtsburg,  being  merely  a  sidisg. 
The  locality  is  reached  by  wagon  from  Salisbury.  Discharge  measoie- 
ments  are  made  from  the  lower  side  of  the  deck  bridge,  the  zero  point 
being  on  the  left  bank.  The  channel  is  obstructed  by  three  piers,  with 
large  rafts  of  driftwood  lodged  against  each  and  sand  bars  below 
each.  There  are  also  some  rocks  in  the  river,  and  the  bottom  is  roagh. 
The  following  discharge  measurements  were  made  by  E.  W.  Myers 
during  1897 : 

• 

February  13,  gage  height,  4.20  feet;  discharge,  10,141  seoond-feet. 
March  20,  gage  height,  4.45  feet;  discharge,  11,837  second-foet. 
April  8,  gage  height,  3.90  feet ;  discharge,  9,992  second-feet. 
August  4,  gage  height,  2.18  feet;  discharge,  3,422  second- feet. 
October  6,  gage  height,  1.40  feet;  discharge,  1,300  seoond-feet. 

Daily  gage  height,  in  feet,  of  Yadkin  Biver  at  Salisbury,  North  Carolina,  for  1837. 


Day. 


Jan. 


1 

2 

8 

4 

6 

6 

7 

8 

9 

10 

u 

12 

13 

U 

16 

le 

17 

18 

19 

20 

21 

22 

28 

24 

25 

20 

27 

28 

mw  m  • • « • • 

80 

81 


2.05 
2.04 
2.02 
2.01 
2.00 
2.00 
2.00 
2.00 
2.00 
2.00 
2.00 
2.00 
2.00 
2.00 
2.08 
2.10 
2.12 
2.50 
2.52 
2.55 
8.40 
4.80 
3.06 
2.85 
2.58 
2.45 
2.30 
2.22 
1.90 
1.88 
2.13 


Feb. 

Mar. 

Apr. 

May 

Jnne. 

2.50 

2.90 

2.80 

3.50 

2.80 

2.90 

2.80 

2.70 

4.50 

2.70 

5.80 

2.70 

2.80 

4.00 

2.20 

4.30 

2.70 

3.00 

8.20 

3.20 

3.00 

2.60 

5.50 

2.70 

2.60 

8.50 

2.50 

10.20 

2.50 

2.40 

11.10 

8.30 

6.50 

2.40 

2.50 

7.57 

7.50 

4.20 

2.40 

6.80 

5.20 

5.60 

4.80 

2.40 

5.00 

3.75 

5.90 

4.00 

2.80 

5.30 

3.00 

6.10 

4.00 

2.40 

5.00 

8.70 

6.10 

3.20 

2.40 

4.10 

4.20 

6.10 

3.00 

3.00 

2.80 

3.70 

5.10 

3.00 

5.20 

2.80 

3.20 

6.40 

3.10 

3.90 

2.60 

2.79 

5.30 

3.20 

3.10 

2.40 

2.90 

5.20 

2.80 

2.50 

2.20 

2.60 

4.40 

2.80 

2.50 

2.20 

2.60 

4.00 

2.90 

2.50 

2.20 

4.40 

2.80 

2.40 

2.70 

4.30 

2.70 

2.40 

2.30 

5.60 

8.90 

2.60 

2.20 

2.10 

5.00 

3.40 

2.60 

2.10 

2.10 

9.50 

3.00 

2.40 

2.20 

1.90 

6.70 

3.00 

2.30 

3.60 

1.90 

4.70 

2.90 

2.40 

8.00 

1.80 

3.50 

2.80 

2.40 

2.70 

1.90 

8.00 

3.00 

2.40 

2.80 

1.90 

2.80 

2.40 

2.40 

2.00 

2.70 

2.50 

2.40 

2.00 

2.80 

2.80 

July. 


2.00 
2.00 
1.90 
2.00 
2.00 
2.10 
2.00 
2.60 
2.90 
2.40 
2.40 
2.00 
4.50 
3.00 
2.40 
2.10 
1.90 
2.40 
3.40 
8.70 
3.00 
3.20 
2.10 
2.30 
8.00 
2.10 
8.40 
3.80 
2.50 
2.10 
1.90 


Aug. 


Sept. 


1.90 

1.70 

1.90 

2.10 

2.00 

1.90 

2.50 

1.90 

1.90 

1.90 

1.90 

1.80 

1.80 

1.80 

1.70 

1.70 

2.00 

2.80 

2.30 

1.90 

1.60 

1.80 

2.80 

2.20 

2.10 

2.10 

2.00 

l.M 

2.20 

2.20 

2.10 


2.10 

2.10 

2.00 

1.90 

1.90 

1.80 

1.80 

1.80 

1.60 

1.60 

1.60 

1.50 

1.50 

1.50 

1.40 

1.40 

1.30 

1.30 

1.30 

1.20 

1.30 

1.40 

1.50 

1.80 

1.50 

1.50 

1.50 

1.80 

1.80 

1.80 


Oct. 


1.30 

1.40 

1.30 

1.30 

1.20 

1.40 

1.40 

1.40 

1.40 

1.40 

1.40 

2.00 

8.50 

4.10 

2.30 

2.30 

1.90 

1.80 

1.80 

2.10 

4.10 

8.00 

2.10 

1.90 

LOO 

1.90 

1.90 

1.80 

1.80 

1.70 

1.90 


Nov.    Dw, 


2.10 

2.30 

2.10  1 

2.30 

2.10 

2.10 

2.10 

2.00 

1.80 

1.80 

1.70 

1.70 

1.70 

1.60 

1.60 

1.60 

l.SO 

1.50 

1.50 

1.40 

1.40 

1.20 

1.40 

1.40 

1.40 

1.20 

3.10 

8.20 

3.00 

170 


2.00 

100 

110 

100 

100 

100 

170 

1.80 

1.90 

1.80 

L80 

l.» 

1.80 

1.80 

ISO 

ISO 

19 

110 

L80 

1.80 

2.00 

110 

2.00 

100 

leo 

LOO 
100 
100 
100 
1.10 
I.OO 
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NORWOOD  STATION  ON  YADKIN  (PEEDEE)  RIVER. 

This  station,  described  in  the  Eighteenth  Annual  Report,  Part  lY, 
page  60,  is  near  Blalocks  Ferry,  1  mile  above  Richland  Greek  and  about 
2  miles  from  Norwood,  North  Carolina.  The  gage  is  a  vertical  rod 
divided  into  feet  and  tenths,  and  is  securely  spiked  and  braced  to  an 
overhanging  tree  near  the  ferry.  The  rod  is  referred  to  a  bench  mark 
consisting  of  a  large  nail  driven  into  a  notch  cut  in  the  root  of  a  birch 
tree  about  50  feet  northwest  of  the  rod,  and  the  tree  is  immediately  in 
front  of  the  turn  of  the  road  that  leads  .to  the  ferry.  The  zero  of  the 
gage  rod  is  6.93  feet  below  the  elevation  of  the  bench  mark.  The  river 
here  is  broad  and  shallow,  with  smooth  bottom  of  sand  and  small  rocks, 
giving  a  good  section  for  discharge  measurements,  which  are  taken  from 
the  ferryboat.  The  observer  is  W.  B.  Nichols,  Norwood,  North  Caro- 
lina. The  banks  and  bed  are,  for  the  most  part,  hard  and  permanent 
and  the  depth  and  current  of  the  water  very  uniform.  The  chief  vari- 
ation is  at  a  point  about  100  feet  from  the  right  bank,  where  the  water 
is  deep  and  very  sluggish.  The  following  discharge  measurements  were 
made  by  E.  W.  Myers  and  others  during  1897 : 

February  10,  gage  height,  3.32  feet;  discharge,  9,607  second-feet. 
March  21,  gage  height,  3.80  feet;  discharge,  11,710  second-feet. 
Aagnst  4,  gage  height,  1.65  feet;  discharge,  3,392  second-feet. 
October  6,  gage  height,  1.00  feet;  discharge,  1,508  second-feet. 
October  25,  gage  height,  1.48  feet;  discharge,  2,715  second-feet. 


Daily  gage  height,  in  feet,  of  Yadkin  Biver  at  Norwood,  North  Carolina,  for  1897, 


Day. 

Jan. 

Feb. 

Mar. 

Apr. 

May. 

2.40 
3.80 
4.30 
2.90 
2.60 
2.30 
2.20 
2.10 
2.10 
2.10 
2.30 
2.50 
2.90 
3.50 
3.60 
2.80 
2.40 
2.30 
2.10 
2.10 
2.00 
2.00 
2.10 
2.00 
2.20 
3.10 
2.20 
2.00 
1.90 
2.00 
2.00 

Jane. 

July. 

Aug. 

Sept. 

Cct. 

Nov. 

Dec. 

1 

1.70 
1.70 
1.60 
1.60 
l.SO 
1.50 
1.70 
1.70 
1.60 
1.50 
1.50 
1.50 
1.60 
1.60 
1.60 
1.70 
1.70 
2.00 
2.30 
2.50 
4.50 
4.40 
3.50 
2.50 
2.80 
2.10 
2.00 
1.90 
1.80 
1.80 

1.00 
2.70 
3.30 
3.50 
2.60 
5.50 
8.20 
9.20 
4.30 
3.40 
2.80 
3.10 
3.90 
3.40 
2.80 
2.60 
2.70 
2.40 
2.30 
2.10 
3.70 
8.40 
4.80 
7.70 
6.20 
3.50 
2.90 
2.60 

2.50 
2.30 
2.30 
2.20 
2.20 
2.60 
6.90 
6.80 
4.80 
4.30 
5.20 
6.40 
4.00 
5.40 
6.50 
5.00 
4.90 
3. 00 
3.50 
3.60 
3.80 
3.30 
3.00 
2.80 
2.60 
2.60 
2.50 
2.50 
2.30 
2.30 
2.40 

2.40 
2.30 
2.40 
2.60 
6.70 
8.50 
6.00 
3.80 
4.20 
4.20 
3.50 
2.90 
2.70 
2.50 
2.50 
2.40 
2.70 
2.50 
2.30 
2.20 
2.30 
2.20 
2.10 
2.20 
2.10 
2.10 
2.30 
2.20 
2.10 
2.30 

2.10 
2.10 
1.90 
1.80 
1.90 
2.40 
2.30 
2.40 
4.30 
8.40 
3.40 
2.50 
2.30 
2.20 
2.10 
2.10 
2.10 
1.80 
1.90 
1.90 
1.80 
2.10 
2.10 
2.00 
1.90 
1.80 
1.60 
1.60 
1.90 
1.70 

1.70 
1.60 
1.60 
1.90 
1.70 
1.40 
1.90 
2.10 
1.80 
1.70 
1.90 
1.80 
3.10 
2.80 
2.50 
1.70 
1.60 
2.10 
1.80 
2.50 
4.50 
3.50 
2.70 
2.40 
2.00 
2.10 
2.40 
3.50 
2.30 
1.90 
1.70 

1.70 
1.50 
1.60 
1.60 
1.70 
1.50 
2.10 
2.50 
2.20 
2.00 
1.70 
1.60 
1.50 
1.50 
1.40 
1.40 
1.50 
2.30 
2.0O 
1.70 
1.50 
2.40 
1.50 
2.00 
1.00 
1.80 
1.00 
1.70 
1.60 
1.40 
1.40 

1.30 
1.50 
1.30 
1.30 
1.20 
1.20 
1.20 
1.10 
1.20 
1.20 
1.20 
1.10 
1.10 
1.00 
1.00 
.90 
.80 
.90 
1.00 
1.10 
1.20 
1.10 
1.10 
1.00 
1.20 
1.50 
1.30 
1.20 
1.10 
1.10 

1.00 
1.00 
1.10 
1.10 
1.00 
1.00 
1.00 
1.00 
1.10 
1.00 
1.00 
1.10 
3.70 
3.80 
2.20 
1.90 
1.60 
1.30 
1.20 
1.20 
1.40 
2.30 
1.90 
1.60 
1.50 
1.60 
1.40 
1.40 
1.40 
1.30 
1.40 

1.60 
1.70 
1.80 
1.80 
1.70 
1.50 
1.50 
1.40 
1.40 
1.30 
1.30 
1.40 
1.30 
1.30 
1.30 
1.30 
1.20 
1.40 
1.30 
1.30 
1.30 
1.20 
1.30 
1.20 
1.20 
1.20 
1.60 
3.00 
2.60 
2.40 

2.20 
2.00 
1.80 
1.70 
2.00 
2.00 
2.00 
1.80 
1.80 
1.70 
1.70 
].40 
1.40 
1.30 
1.80 
1.00 
2.00 
1.80 
1.70 
1.70 
1.60 
1.80 
1.40 
1.70 
1.70 
2.00 
2.40 
2.70 
2.40 
2.00 
1.00 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

26 

27 

28 

29 

30 

31 

IBB  15- 
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OPERATIONS   AT   RIVER   STATIONS,  1897. 


CATAWBA  STATION   ON  CATAWBA  RIYEB. 

Tills  station,  described  in  the  Eighteenth  Annaal  Eeport,  Part  lY, 
page  64,  is  located  at  the  Southern  Eailway  bridge  aboat  one-half  a 
mile  from  Catawba,  North  Carolina.  The  zero  of  the  gage  rod  is  23 
feet  east  of  the  west  end  of  the  second  span  of  the  bridge,  and  the  dis- 
tance from  the  zero  of  the  gage  rod  to  the  outer  rim  of  the  palley  is  3 
feet.  The  distance  from  the  end  of  the  weight  to  the  marker  on  the 
wire  is  35.58  feet,  the  reading  being  zero  when  the  weight  touches  bot- 
tom. The  river  is  straight  for  several  hundred  yards  above  and  below 
the  bridge,  and  the  current  Velocity  is  evenly  distributed  across  the. 
stream.  The  observer  is  E.  M.  Brawley,  Catawba,  North  Carolina 
Discharge  measurements  are  made  from  a  plank  walk  underneath  the 
bridge.  The  channel  is  obstructed  by  three  piers  and  riprap  and  by 
two  trestles  of  false  work.  The  section  is  otherwise  good.  The  follow- 
ing discharge  measurements  were  made  by  E.  W.  Myers  and  others 
during  1897 : 

February  8,  gage  height,  5.51  feet ;  discharge,  9,711  seoond-feet. 
Augost  3,  gage  height,  1.90  feef ;  discharge,  1,358  second-feet. 
October  5,  gage  height,  1.60  feet;  discharge,  775  second-feet. 
October  26,  gage  height,  1.82  feet;  discharge,  1,279  second-feet. 

Daily  gage  height,  infcetj  of  Catawba  River  at  Catawba,  North  Carolina,  for  2S97. 


Day. 


1.. 

2-. 

3.. 

4.. 

6.. 

6.. 

7.. 

8.. 

9.. 
10.. 
11.. 
12.. 
13.. 
U.. 
16.. 
16.. 
17.. 
18.. 
19.. 
20.. 
21.. 
22.. 
23.. 
24.. 
25.. 
26.. 
27.. 
28.. 
20.. 
30.. 
31.. 


Jan. 

Feb. 

Mar. 

1.82 

2.25 

2.75 

1.85 

4.00 

2.45 

1.88 

8.65 

2.35 

1.82 

3.10 

2.30 

2.22 

2.60 

2.25 

2.00 

15.90 

8.27 

1.95 

9.62 

4.50 

1.90 

5.82 

2.90 

1.90 

3.90 

5.50 

1.95 

3.60 

6.00 

1.95 

3.40 

5.50 

1.95 

4.65 

5.00 

1.95 

4.10 

6.20 

1.95 

3.50 

6.00 

1.95 

3.40 

5.90 

2.00 

4.20 

5.80 

2.00 

3.80 

5.50 

2.20 

7.80 

4.40 

2.00 

2.75 

4.00 

2.20 

2.85 

4.75 

4.45 

3.20 

4.30 

3.80 

3.10 

3.70 

3.25 

10.10 

3.40 

2.45 

7.60 

3.20 

2.30 

4.25 

3.00 

2.20 

3.60 

2.95 

2.15 

3.05 

2.85 

2.00 

2.90 

2.80 

1.85 

2.82 

2.50 

2.85 

2.35 

2.85 

Apr. 


2.85 
2.90 
4.00 
4.25 
16.00 
8.20 
5.75 
3.90 
4.00 
3.80 
3.60 
8.25 
3.02 
3.00 
3.05 
8.02 
8.00 
2.95 
2.85 
2.85 
2.80 
2.82 
2.80 
2.78 
2.75 
2.75 
2.75 
2.75 
2.80 
3.90 


May. 

June. 

6.00 

2.15 

4.00 

2.10 

3.90 

2.05 

3.45 

2.00 

3.20 

2.75 

2.90 

2.50 

2.80 

2.90 

2.70 

3.40 

2.70 

3.40 

2.75 

2.90 

2.80 

2.65 

2.80 

2.40 

4.20 

2.35 

3.30 

2.30 

2.90 

2.25 

2.50 

2.20 

2.45 

2.35 

2.45 

2.40 

2.40 

2.50 

2.40 

2.30 

2.40 

2.20 

2.30 

2.15 

2.25 

2.10 

2.20 

2.10 

2.20 

2.10 

2.50 

2.05 

2.30 

2.05 

2.25 

2.00 

2.20 

2.00 

2.20 

2.00 

2.15 

•    a  •  «  a  a  • 

July. 


2.00 
2.00 
2.00 
2.00 
2.05 
2.30 
2.20 
3.30 
2.80 
2.50 
2. -JO 
2.25 
2.40 
2.30 
2.25 
2.25 
2.30 
2.30 
2.25 
2.30 
2.90 
2.75 
2.76 
2.80 
2  75 
2.60 
2.70 
2.60 
2.50 
2.35 
2.15 


Aug.   Sept. 


1.95 
1.86 
1.80 
2.30 
2.90 
3.00 
2.60 
2.50 
2.60 
2.50 
2.40 
2.25 
2.10 
2.00 
2.00 
1.90 
1.85 
1.80 
1.80 
1.80 
1.80 
1.75 
1.75 
1.75 
1.75 
1.70 
1.70 
1.70 
1.70 
1.70 
1.70 


1.70 
1.70 
1.65 
1.65 
1.70 
1.70 
1.70 
1.70 
1.70 
1.70 
1.70 
1.70 
1.70 
1.70 
1.70 
1.70 
1.70 
1.70 
1.70 
1.70 
1.70 
1.80 
2.10 
2.05 
2.00 
2.00 
1.95 
1.90 
1.80 
1.70 


Oct. 


1.00 
1.60 
1.60 
1.60 
1.60 
1.60 
1.60 
1.60 
1.60 
1.70 
3.00 
8.00 
4.00 
2.50 
2.00 
1.90 
1.90 
2.50 
2.40 
2.25 
2.00 
1.90 
1.80 
1.75 
1.75 
1.80 
1.80 
1.80 
1.80 
1.75 
1.70 


Nov. 

Dee. 

2.00 

2.15 

3.00 

11« 

2.50 

2.05 

2.00 

2.05 

1.90 

2.00 

1.85 

1.86 

1.85 

1.75 

1.75 

1.70 

1.70 

1.70 

1.70 

1.70 

1.70 

1.70 

1.70 

1.70 

1.70 

1.70 

1.70 

1.70 

1.70 

1.70 

2.50 

3.00 

2.50 

2.25 

2.20 


3.00 

I.»5 

1.90 

1.90 

1.90 

1.90 

1.90 

1.85 

1.85 

1.85 

1.85 

1.85 

l.f5 

1.85 

1.90 

2.50 

2.50 

1*' 
2.30 
2.25 
2.25 
2.» 
l» 
2.15 
2.15 
2.00 


SOUTH   ATLANTIC   WATERSHED. 
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BOOKHILL   STATION  ON   CATAWBA  RIVER. 

This  station,  described  in  the  Eighteen  Anuaal  Report,  Part  IV, 
page  61,  is  located  at  the  bridge  of  the  Southern  Railway  3  miles  south 
of  Fort  Mill,  Soath  Carolina.  The  gage  is  fastened  to  the  upper  side 
of  the  guard  rail,  the  2-foot  mark  of  the  rod  being  about  the  center  of 
the  second  vertical  of  the  second  truss  from  the  soutli  end  of  the 
bridge.  The  distance  from  the  zero  of  the  rod  to  the  outside  edge  of 
the  pulley  wheel  is  1.30  feet,  and  the  length  of  wire  rope  to  the  end  of 
bhe  weight  is  52.96  feet  The  observer  is  W.  A.  Morris,  Rockhill,  South 
Carolina.  This  station  is  reached  from  Rockhill  by  team.  The  bridge 
is  high  and  long;  the  bed  of  the  stream  is  on  solid  rock  and  is  very 
rough.  The  current  is  at  an  angle  with  the  bridge,  and  is  swift,  so  that 
)i]together  the  section  is  very  poor.  The  following  discharge  measure- 
nents  were  made  by  E.  W.  Myers  and  others  during  1897 : 

Febmary  9,  gage  height,  5.00  feet;  discharge,  9|711  socond-feet. 
April  6,  gage  height,  12.10  feet;  discharge,  46,040  second-feet. 
AugTist  15,  gage  height,  1.55  foet;  discharge,  2,006  second-feet. 
October  8,  gage  height,  1.21  feet;  discharge,  1,532  second- feet. 
Novem1>er  1,  gage  height,  1.45  feet;  discharge,  2,619  second-feet. 

Daily  gage  height,  in  feet,  of  Catatoha  Biver  at  Bockhillf  South  Carolina,  for  1897, 


D«y. 


1 

2 

8 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

28 

27 

^o« « • • • 
20 

:k) 

31 


Jan. 

Feb. 

Mat. 

Apr. 

May. 

2.70 

June. 

July. 
1.70 

Aag. 

1.80 

1.85 

2.60 

2.50 

2.00 

1.45 

1.75 

2.70 

2.50 

2.40 

2.00 

1.00 

L60 

1.45 

1.70 

3.30 

2.40 

2.40 

4.40 

1.90 

1.50 

1.50 

1.70 

3.80 

2.30 

2.60 

3.20 

1.80 

1.50 

1.60 

1.70 

2.70 

2.30 

10.30 

2.70 

2.60 

1.60 

1.60 

1.70 

8.50 

2.30 

13.30 

2.50 

2.40 

1.80 

1.90 

LOO 

14.75 

7.70 

7.00 

2.40 

2.20 

1.60 

2.20 

1.80 

10.20 

7.60 

4.00 

2.80 

4.30 

2.30 

2.45 

1.8C 

5.00 

4.50 

3.50 

2.30 

3.60 

2.30 

2.10 

1.70 

3.60 

4.80 

3.30 

2.20 

3.00 

2.20 

1.90 

1.70 

3.20 

5.70 

3.50 

2.20 

2.70 

2.00 

4.70 

1.70 

3.50 

5.30 

3.00 

2.20 

2.30 

1.80 

2.50 

1.70 

3.70 

5.60 

2.00 

2.40 

2.30 

2.40 

1.80 

1.70 

3.50 

6.40 

2.80 

4.20 

2.00 

2.30 

1.65 

1.70 

3.20 

7.10 

2.70 

2.90 

2.00 

2.10 

1.60 

1.80 

3.00 

5.10 

2.80 

2.45 

2.00 

1.70 

1.90 

1.80 

2.90 

5.00 

2.80 

2.25 

1.00 

1.55 

1.70 

1.90 

2.70 

4.50 

2.60 

2.20 

2.00 

1.70 

1.60 

1.00 

2.50 

3.70 

2.50 

2.20 

2.00 

1.60 

1.70 

2.00 

2.50 

4.20 

2.45 

2.10 

1.00 

2.00 

1.60 

3.60 

3.30 

4.10 

2.40 

2.20 

2.20 

2.35 

1.50 

3.70 

3.00 

3.60 

2.35 

2.00 

1.00 

5.25 

1.60 

3.10 

3.00 

3.20 

2.30 

2.00 

1.70 

2.60 

1.60 

2.50 

7.80 

3.00 

2.30 

2.00 

1.65 

2.00 

1.80 

2.30 

4.80 

2.00 

2.80 

2.10 

1.60 

1.70 

2.00 

2.10 

3.50 

2.70 

2.20 

2.10 

1.90 

1.60 

1.70 

2.00 

3.10 

2.60 

2.30 

2.00 

1.70 

2.30 

1.60 

2.00 

2.70 

2.50 

2.4U 

1.00 

1.70 

2.00 

1.50 

1.90 

2.50 

2.20 

1.90 

1.70 

1.80 

1.50 

1.70 

2.40 

2.20 

2.00 

1.70 

1.60 

1.45 

1.70 

•  •••••  • 

2.55 

1.90 

1.60 

1.45 

Sept. 


1.40 
1.40 
1.40 
1.40 
1.40 
1.30 
1.30 
1.30 
1.30 
1.30 
1.25 
1.20 
1.20 
1.20 
1.20 
1.20 
1.20 
1.20 
1.20 
1.20 
1.50 
1.30 
1.25 
1.25 
1.50 
1.60 
1.40 
1.35 
1.30 
1.30 


Oct. 

Kov. 

1.20 

1.40 

1.20 

1.50 

1.20 

1.55 

1.20 

1.95 

1.20 

1.70 

1.20 

1.60 

1.20 

1.50 

1.20 

1.50 

1.20 

1.50 

1.20 

1.50 

1.30 

1.50 

1.65 

1.45 

4.80 

1.40 

2.90 

1.40 

2.00 

1.40 

1.65 

1.  40  ! 

Bee. 


I  1.50 

1.45 

I  1.40 

!  1.45 

1.50 

2.30 

!  l.HO 

I  1.60 

;  1.50 

'  1.50 

I  1.50 

1.45 

1.45 

1.45 

1.40 


1.40 
1.40 
1.40 
1.40 
1.40 
1.40 
1.40 
1.40 
1.40 
1.40 
2.40 
2.70 
2.15 
2.10 


1.85 
1.60 
1.70 
1.80 
1.85 
1.90 
1.80 
1.70 
1.70 
l.CO 
1.60 
1.60 
1.60 
1.55 
1.60 
1.70 
1.00 
1.75 
1.70 
1.65 
1.70 
1.00 
2.00 
2.00 
1.90 
1.85 
2.10 
2.20 
2.10 
1.90 
1.80 
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OPERATIONS   AT   RIVER   STATIONS,  1897. 


GAFFNEY  STATION  ON  BROAD  RIYKB. 

This  station,  described  in  the  Eighteenth  Annual  Keport,  Part  IV,  page 
65,  is  at  the  Southern  Bailway  bridge  about  3  miles  from  Gaffney,  South 
Carolina.  The  zero  of  the  gage  is  18  feet  east  of  the  west  end  of  the 
third  span  of  the  bridge  from  the  east.  The  distance  from  the  zero 
of  the  gage  to  the  rim  of  the  pulley  is  2.5  feet,  and  that  from  the  end 
of  the  weight  to  the  pointer  on  the  wire  is  50.71  feet.  The  river  here 
is  straight  for  several  hundred  yards  above  and  below  the  bridge,  bat 
the  section  is  not  a  good  one,  as  the  right  bank  is  subject  to  overflow 
in  very  high  water.  This  station  is  reached  from  Blacksburg,  South 
Csirolina.  The  readings  of  river  heights  are  made  at  the  railroad  bridge, 
where  the  section  is  poor.  Measurements  of  discharge  are  made  from 
the  ferryboat  located  one-fourth  mile  above.  There  the  section  is  very 
good.  The  bottom  is  sandy,  but  the  current  is  slug'^ish  at  the  leftbauL 
The  observer  is  J.  M.  Gaffney.  The  following  discharge  measurements 
were  made  by  B.  W.  Myers  and  others  during  1897 : 

March  9,  gage  height,  2.85 ;  discharge,  4,364  second-feet. 
April  7f  gage  height,  3.49  feet;  discharge,  5,324  second-feet. 
August  6,  gage  height,  1.65  feet;  discharge,  1,297  second-feet. 
October  9,  gage  height,  0.92  foot ;  discharge,  829  second-feet. 
October  31,  gage  height,  1.38  feet;  discharge,  861  second- feet. 

Daily  gage  height,  in  feet,  of  Broad  Biver  at  Gaffney,  South  Carolina,  for  1897. 


Day. 


1... 

2... 

3... 

4... 

5... 

6... 

7... 

8... 

9... 
10... 
11... 
12... 
13... 
14... 
15... 
1«... 
17... 
18... 
10... 
20... 
21  .. 
22... 
23... 
24... 
25... 
26... 
27... 
28... 
29... 
30... 
31... 


Jan. 

Feb. 

Mar. 

0.84 

1.25 

1.19 

.89 

2.12 

1.87 

.87 

2.59 

1.88 

.88 

2.12 

1.94 

.87 

1.82 

1.95 

.93 

8.69 

3.87 

.94 

7.48 

6.00 

.91 

4.05 

3.32 

.87 

3.19 

2.87 

.91 

2.82 

3.39 

.87 

2.55 

3.69 

.96 

2.75 

3.94 

.92 

2.97 

4.65 

.87 

2.69 

4.52 

.89 

2.45 

4.81 

.85 

2.28 

3.64 

.86 

2.24 

3.77 

.92 

2.11 

3.11 

1.15 

1.99 

2.81 

1.09 

1.92 

3.81 

2.05 

2.27 

3.22 

2.32 

2.11 

2.85 

1.79 

2.24 

2.62 

1.58 

3.73 

2.52 

1.62 

2.67 

2.39 

1.47 

2.33 

2.29 

1.39 

2.16 

2.21 

1.35 

2.08 

2.16 

1.25 

2.09 

1.30 

1.89 

1.52 

2.13 

Apr. 


2.25 
2.09 
2.07 
2.11 
8.97 
5.95 
3.85 
3.29 
3.09 
3.25 
2.81 
2.54 
2.49 
2.31 
2.89 
2.54 
2.31 
2.28 
2.05 
2.07 
2.02 
1.98 
1.97 
2.14 
2.98 
2.92 
3.02 
2.97 
2.91 
3.17 


May. 

Jane. 

3.24 

3.09 

4.32 

3.05 

4.01 

3.31 

3.69 

3.83 

3.55 

3.26 

3.27 

3.45 

3.29 

3.51 

3.28 

5.45 

3.64 

3.29 

3.61 

3.09 

3.71 

3.03 

3.60 

3.09 

3.69 

3.14 

3.80 

3.29 

3.55 

2.89 

3.73 

2.81 

3.89 

2.66 

3.09 

3.05 

3.19 

3.41 

3.30 

3.61 

3.24 

3.59 

3.33 

8.42 

3.20 

3.28 

3.09 

3.19 

3.25 

3.11 

3.35 

3.02 

3.11 

3.04 

3.18 

3.42 

8.21 

3.43 

3.13 

3.11 

8.21 

July.  lAag 


8.13 
3.11 
3.05 
3.17 
3.46 
8.21 
4.09 
3.68 
4.01 
3.64 
3.37 
3.01 
4.07 
3.28 
3.11 
3.09 
3.02 
3.11 
3.05 
2.08 
2.49 
3.54 
2.29 
2.08 
2.21 
2.04 
2.29 
2.34 
2.05 
2.01 
2.02 


Sept. 


1.89 
1.79 
2.25 
2.32 
2.19 
a.  25 
2.32 
2.75 
2.22 
2.09 
2.07 
2.19 
2.08 
1.82 
1.91 
1.99 
2.01 
1.69 
1.55 
1.57 
1.41 
1.51 
1.59 
2.39 
1.61 
1.38 
1.85 
1.81 
1.82 
1.42 
1.81 


1.79 

1.74 

1.83 

1.31 

1.25 

1.23 

1.21 

1.03 

1.01 

1.12 

1.02 

.95 

.80 

1.00 

.89 

.82 

.96 

.95 

.89 

1.19 

.92 

1.39 

1.30 

1.09 

1.02 

.85 

1.25 

1.08 

1.02 


Oot. 


0.95 
.92 
1.08 
.92 
1.03 
1.05 
.89 
1.02 
.92 
.79 
.81 
4.19 
2.91 
1.59 
1.39 
1.18 
1.29 
1.81 
1.28 
1.25 
1.52 
1.41 
1.15 
1.25 
1.23 
1.22 
1.24 
1.22 
1.21 
1.23 
1.05 


Nov. 


Dec. 


1.03 
1.69 
1.85 
1.25 
1.21 
1.19 
1.25 
1.08 
1.06 
1.04 
1.03 
1.01 
1.02 
1.11 
1.13 
1.25 
1.41 
1.31 
1.28 
1.32 
1.01 
.98 
1.02 
1.29 
1.41 
1.35 
2.51 
2.41 
2.39 
2.45 


2.43 

2.44 

2.46 

2.K 

1.93 

1.12 

1.42 

1.23 

1.46 

1.31 

1.21 

1.S 

1.19 

1.21 

1.59 

1.25 

1.38 

1.36 

1.41 

1.38 

1.42 

1.68 
1.T9 

l.» 

l.»7 

10\ 

2.09 

1.62 

1.58   I 

1.51 
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ALSTON  STATION   ON  BROAD  RIYER. 

This  statioUf  described  iu  the  Eighteenth  Annual  Bei>ort,  Part  lY, 
%ge  67)  is  located  at  the  Southern  Railway  bridge,  about  200  yards 
om  Alston,  South  Oarolina.  The  zero  of  the  gage  is  over  the  center 
r  the  fourth  floor  beam  of  the  second  span  from  the  east  end  of  the 
ridge.  The  outer  rim  of  the  pulley  is  4  feet  from  the  zero  of  the  gage, 
3d  the  distance  from  the  end  of  the  weight  to  the  pointer  on  the  wire 
42.65  feet,  the  gage  reading  zero  when  the  end  of  the  weight  touches 
>ttom.  The  section  here  is  not  a  very  good  one,  being  broken  by  the 
•andations  of  an  old  bridge  crossing  at  the  same  place  as  the  present 
16,  and  the  bottom  is  soft  and  muddy.  The  river  is  straight  for  a 
ng  distance  above  and  below  the  station,  and  the  current  velocity  is 
kirly  uniform  all  the  way  across.  The  observer  is  D.  R.  Elkin,  Alston, 
3ath  Carolina.  The  following  discharge  measurements  were  made  by 
.  W.  Myers  and  A.  P.  Davis  during  1897 : 

AngQBt  17,  gage  height,  2.76  feet;  discharge,  2,515  second-feet. 
NoveiDber  2j  gage  height,  2.90  feet;  discharge,  2,729  Mecond-feet. 


Daily  gage  height,  in  feet,  of  Broad  Biver  at  AUtotif  South  Carolina,  for  1897, 


Day. 

Jul 

Feb. 

Mar. 

Apr. 

May. 

Jnne. 

July. 

Aug. 

Sept. 

Oct 

Nov. 

Dec. 

1 

3.01 
3.05 
3.04 
3.01 
2.93 
3.00 
3.11 
3.00 
3.00 
2.89 
2.75 
2.80 
2.97 
3.10 
3.14 
3.00 
3.01 
3.05 
3.76 
3.55 
8.65 
9.52 
6.65 
5.63 
5.03 
4.00 
3.75 
3.55 
3.31 
3.02 
3.20 

3.10 
6.50 
7.12 
8.91 
10.00 
17.03 
21.97 
19.03 
12.00 
7.00 
5.50 
9.75 
9.10 
8.50 
5.60 
7.25 
6.23 
5.02 
4.03 
4.50 
5.76 
5.50 
6.70 
6.23 
7.10 
5.70 
5.30 
4.55 

4.62 
4.18 
4.20 
4.10 
3.96 
5.66 
12.10 
8.72 
6.75 
5.80 
7.50 
7.10 
11.04 
13.00 
14.40 
11.40 
9.70 
9.00 
7.02 
7.80 
7.85 
6.81 
6.15 
5.06 
5.32 
5.00 
4.81 
4.52 
4.23 
4.40 
4.00 

7.00 
6.48 
6.90 
7.70 
14.39 
18.82 
14.40 
10.66 
9.50 
6.83 
6.12 
5.68 
5.43 
5.23 
5.10 
5.10 
4.90 
4.65 
4.47 
4.31 
4.35 
4.20 
4.30 
4.00 
4.01 
4.05 
3.92 
4.17 
3.89 
3.85 

4.70 
5.61 
6.27 
5.40 
4.45 
4.32 
4.10 
3.90 
3.95 
3.98 
4.10 
3.85 
3.65 
5.44 
4.68 
4.00 
4.03 
3.63 
3.00 
3.51 
3.50 
3.42 
3.51 
3.98 
3.65 
3.41 
3.40 
3.30 
3.21 
3.28 
3.30 

3.45 
3.40 
3.50 
3.40 
3.42 
6.70 
7.27 
14.20 
13.64 
9  71 
9.03 
4.50 
4.00 
4.15 
3.90 
3.74 
3.45 
3.42 
3.31 
3.00 
3.21 
3.30 
3.51 
3.73 
4.40 
3.50 
3.55 
5.81 
3.70 
3.91 

3.71 
3.33 
3.10 
3.05 
4.75 
4.15 
3.92 
3.75 
3.50 
3.95 
3.04 
3.70 
3.70 
3.45 
3.31 
3.30 
3.08 
3.76 
3.15 
5.10 
7.40 
5.71 
4.82 
3.80 
3.61 
3.06 
3.90 
4.01 
3.65 
3.15 
2.95 

2.84 

2  SI 

3.55 
2.43 
2.42 
2.23 
2.13 
2.40 
2.53 
2.34 
2.50 
2.43 
2.65 
5.72 
8.93 
7.14 
4.78 
3.50 
3.34 
2.70 
2.60 
3.10 
3.70 
3.47 
3.31 
3.30 
3.00 
2.77 
3.03 
2.90 
2.77 
2.91 
2.50 

2.47 
2.97 
3.88 
4.10 
3.35 
2.91 
3.15 
3.00 
2.80 
3.11 
3.00 
2.90 
2.91 
2.90 
2.86 
2.70 
2.78 
2.76 
2.71 
2.86 
2.83 
2.82 
2.79 
2.75 
3.00 
3.21 
3.05 
4.20 
5.56 
5.12 

3.86 
3.57 
3.56 
3.55 
3.62 
3.76 
3.68 
3.62 
3.80 
3.45 
3.16 
.3.15 
3.10 
3.00 
3.45 
3.45 
3.50 
3.30 
3.07 
3.07 
3.00 
3.50 
4.08 
3.85 
3.60 
3.30 
4. 50 
4.76 
4.12 
3.90 
3.74 

2 

2.60  i  5  "Zfl 

3 

2.54 
3.42 
3.08 
3.31 
4.66 
6.20 
3.20 
3.35 
3.11 
3.28 
3.  l.'i 
2.08 
4.10 
3.80 
2.89 
2.96 
3.01 
2.85 
2.71 
8.20 
5.04 
3.35 
3.26 
3.11 
.3.00 
3.10 
2.85 
2.73 
2.80 

3.04 
3.25 
2.91 
2.62 
2.35 
2.53 
2.51 
2.01 
2.60 
2.45 
2.31 
2.10 
2.37 
2.0O 
2.21 
2.24 
2.31 
2.21 
2.40 
3.10 
3.41 
3.83 
3.80 
3.16 
2.98 
2.55 
2.58 
2.71 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

1    14 

!    15 

1    16 

17 

18 

1    19 

1    20 

:  21.       ; 

1  22 ::.:. 

1    23 

'  24-...:..:... 

25 

26 

27 

28 

29 

30 

31 

38 


OPERATIONS  AT   BIVER   STATIONS,  18d7. 


WATERLOO   STATION  ON  SALUDA  RIVER. 

This  station,  described  in  the  Eighteenth  Annual  Beport,  Part  IV, 
page  68,  is  1  mile  below  the  mouth  of  Beedy  Biver,  at  the  Port  Boyal 
and  Western  Carolina  Bailroail  bridge,  about  3  miles  from  Ooronaca 
station,  South  Carolina.  The  zero  of  the  gage  is  over  the  center  of  the 
sixth  floor  beam  of  the  first  span  from  the  east  end  of  the  bridge.  The 
distance  from  the  zero  of  the  gage  to  the  outer  rim  of  the  palley  is 
2.75  feet,  and  that  from  the  end  of  the  weight  to  the  pointer  on  the 
wire  is  47.0  feet.  The  river  here  is  straight  for  several  hundred  yards 
above  and  below  the  bridge.  The  bottom  is  of  sand  and  mud  asd 
seemingly  liable  to  change  by  high  water,  and  the  right  bank  is  sab 
ject  to  overflow.  The  observer  is  B.  N.  Cunningham,  Waterloo,  South 
Carolina.  The  locality  is  reached  from  Greenwood,  South  Carolina 
The  channel  is  broken  by  one  pier  and  the  bottom  is  muddy,  but  with 
these  exceptions  the  section  is  excellent.  Discharge  measurements  are 
made  from  the  railroad  bridge.  The  following  discharge  measuremests 
were  made,  the  first  by  B.  W.  Myers  and  the  next  by  A.  P.  Davi«, 
during  1897 : 

August  17;  gage  height,  3.35  feet;  discharge,  665  Becond-feot. 
November  2,  gage  height,  4.31  feet;  discharge,  1,242  second-feet. 

Daily  gage  height,  in  feet,  of  Saluda  Biver  at  Waterloo,  South  Carolina,  for  1897. 


Day. 

Jan. 

reb. 

Mar. 

Apr. 

May. 

June. 

July. 

Aug. 

Sept. 

Oct.    Nov. 

Dec. 

i 

1 

4.35 
4.60 
3.70 
4.00 
4.35 
4.40 
4.35 
4.35 
4.40 
3.55 
3.75 
4.30 
4.40 
4.95 
5.85 
4.60 
3.95 
4.65 
4.95 
5.10 
10.80 
8.55 
5.70 
6.60 
4.80 
4.40 
4.35 
8.06 
4.05 
4.50 
4.20 

4.76 
7.35 
7.70 
6.20 
5.35 
15.70 
16.68 
14.30 
7.95 
6.40 
8.90 
9.05 
8.25 
7.26 
5.50 
6.35 
6.00 
5.65 
5.60 
5.35 
6.15 
5.80 
7.45 
6.50 
6.55 
6.00 
5.60 
6.70 

4.30 
4.80 
5.25 
5.25 
5.05 
8.30 
10.05 
7.75 
6.20 
5.80 
6.00 
9.30 
10.85 
12.60 
12.40 
9.50 
8.35 
7.55 
6.80 
8.40 
8.10 
7.00 
6.45 
6.15 
6.00 
5.60 
9.65 
0.35 
5.00 
5.10 
5.70 

6.25 
6.00 
6.55 
8.00 
12.10 
13.95 
17.00 
8.70 
8.05 
7.80 
7.15 
6.75 
6.25 
6.20 
5.70 
6.00 
5.80 
6.25 
6.70 
6.40 
5.15 
6.10 
5.07 
5.40 
6.35 
4.90 
4.80 
4.75 
4.65 
4.85 

8.35 
9.30 
6.05 
5.50 
5.80 
5.20 
5.00 
6.20 
6.65 
5.15 
4.60 
4.50 
5.10 
6.00 
5.35 
5.60 
4.40 
4.25 
4.15 
4.45 
4.90 
4.85 
5.20 
3.56 
4.00 
4.85 
3.95 
4.80 
3.85 
5.10 
3.26 

3.55 
3.70 
5.70 
4.85 
5.25 
6.67 
5.75 
10.35 
12.26 
6.40 
5.55 
5.25 
5.50 
4.20 
4.00 
7.35 
4.15 
4.90 
4.85 
5.00 
3.50 
3.75 
4.10 
4.10 
4.10 
4.15 
3.20 
3.30 
4.30 
3.76 

4.76 
4.65 
4.30 
3.70 
6.20 
4.15 
4.20 
4.82 
3.86 
4.85 
4.10 
3.10 
5.70 
3.90 
3.75 
3.75 
5.00 
3.90 
3.70 
4.00 
3.70 
3.90 
4.05 
4.05 
4.15 
3.30 
4.00 
3.65 
3.60 
4.60 
5.00 

2.80 
2.68 
3.50 
3.60 
3.50 
4.05 
3.76 
8.36 
3.06 
3.55 
3.85 
4.30 
4.20 
4.25 
3.15 
2.55 
4.15 
4.25 
3.75 
4.40 
6.10 
5.85 
3.20 

8.75 
3.75 
3.  .SO 
4.35 
3.20 
2.50 
B.40 
4.00 

3.30     3.20 
4.05     4.50 
2. 85     5. 13 
2.30     4.77 
3.95     4.60 
3.  80     4. 60 
2.  64     3. 6U 
3.58     2.85 

485 

2 

3 

1    4.75 
!    4.25 

4 

1    480 

5 

I    4.00 

e 

4.40 

7 

410 

8 

3.fl6 

9 

3.55 

"i  on     1  SA 

2.96 

10 

3. 10     3.  4ri 

4.35 

4.58 

11 

3.25 
3.18 
2.40 

3.95 
4.50 
7.30 

4.35 
4.10 
4.30 

4.M 

12 

•1.80 

13 

.    3.80 

14 

4.00 

r*  iri 

4.00 

475 

16 

3.90     4.85 
3. 17     A-  B.*» 

2.85 
4.15 
4.35 
4.30 
4.16 
3.95 
3.95 
2.70 
3.85 
4.-J« 
4.20 
4.12 
5.76 
5. 75 
5.05 
6.25 

4.C5 

16 

4.50 

17 

2.90 
2.72 
3.10 
2.40 
3.45 
3.35 

3.40 
2.50 
3.75 
4.40 
4.55 
4.50 

475 

18 

19 

4.70 
3.65 

20 

21 

3.40 

4.00 

4.20 
490 
3.95 
3.45 
3.65 
3.56 

l» 
475 
4.65 

4.77 

22 

23 

4.75  1  4.43 

24 

4.40  1  4.90 

3.55 

25 

8. 35     4.  52 

3.40 
4.50 
4.20 

26 

4.20 

3.58 

27 

4.35 
3.50 

2.75 

28 

3. 78     3. 80 

29 

8.15 

3. 80     3. 96 

80 

81 

2.50 
3.50 

3.55 

3.50 
3.25 
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CALHOUN  FALLS   STATION  ON  SAVANNAH  BIVEB. 

■ 

This  station,  described  in  the  Eighteeutli  Annual  Report,  Part  IV, 
ge  73,  is  at  the  Seaboard  Air  Line  bridge  across  the  Savannah  Biver 
ove  the  mouth  of  Beaverdam  Greek  and  below  Bocky  Eiver,  and  about 
niles  west  of  the  town  of  Calhoun  Falls,  South  Carolina.  The  river 
re  is  divided  into  two  channels  by  a  large  island,  containing  several 
mdred  acres.  The  east  channel  is  a  good  section  at  ordinary  stages, 
it  at  lowest  water  the  current  is  very  sluggish.  The  west  channel, 
lich  is  the  main  river,  is  obstructed  by  some  very  small  islands  and 
1  cofferdams  about  the  two  piers;  otherwise  the  section  is  excellent. 
5ter  Pfeiffer,  a  farmer,  is  the  observer. 

The  wire  gage  is  on  the  west  channel,  center  span.  The  rod  is  14  feet 
ng,  and  is  nailed  to  guard  rail  on  east  side  of  pulley  on  downstream 
le  of  bridge.  The  center  of  the  3-inch  pulley  is  193  feet  from  the 
itial  x>oint,  and  is  55.20  feet  gage  height.  Zero  point  on  the  rod  is  10  feet 
)m  the  center  of  the  pulley.    The  wire  cable  from  bottom  of  weight 

the  index  is  G5.40  feet.  One  bench  mark  on  the  top  of  the  iron 
ringer  under  the  cross-ties  near  the  gage  is  54.0  feet  above  the  datum 

the  gage.  The  other  is  on  the  top  of  the  east  end  of  the  pier,  west 
annel,  and  is  30.85  feet  above  zero  of  gage.  The  following  discharge 
easurements  were  made  by  B.  M.  ball  and  Max  Hall  during  1897 : 

January  20,  gago  height,  2.90  feet ;  dlBcharge;  4,204  socond-feet. 
ipril  28,  gage  height,  3.21  feet;  discharge,  6,446  second-feet. 
Jnne  12,  gage  height,  2.80  feet;  discharge,  4,469  second- feet. 
September  29,  gage  height,  1.90  feet;  discharge,  1,693  second- feet. 
November  3,  gage  height,  2.92  feet ;  discharge,  3,812  second-feet. 

iily  gage  height j  infeei,  of  Savannah  River  at  Calhoun  Falls,  South  Carolina ,  for  1897. 
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2.80 
5.20 
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7.20 
5.05 
4.10 
3.85 
5.15 
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3.80 
3.65 
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3.85 
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July. 

Aug. 
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Sept. 
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Kov. 

Dec. 
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2.40 
2.40 
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2.35 
2.35 
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2.25 
2.25 
2.25 
2.20 
2.20 
2.30 
8.05 
2.75 
2.60 
2.55 
3.35 
3.10 
2.90 
5.40 
3.96 
3.60 
8.20 
3.10 
3.00 
2.96 
2.05 
2.90 
2.90 
2.75 

3.00 
2.95 
2.80 
2.80 
2.75 
2.65 
6.80 
4.65 
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6.20 
4.15 
3.85 
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5.35 
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3.25 
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OPERATIONS  AT   RIVER   STATIONS,  1897. 


CARLTON  STATION  ON  BROAD  RIVER. 

This  station  is  located  on  the  railroad  bridge  of  the  Seaboard  Air 
Line,  3  miles  east  of  Carlton,  Georgia,  and  3  miles  above  the  month  of 
South  Fork.  The  iron  bridge  is  250  feet  long  and  is  approached  on 
each  side  by  wood  trestles.  The  banks  are  both  liable  to  overflow  to 
the  extent  of  the  trestles.  The  initial  i>oint  for  sonnding  is  the  end  of 
iron  bridge  at  right  bank,  upstream.  The  rod  ot  the  wire  gage  is  fas 
tened  to  outside  of  guard  rail  on  the  upstream  side  of  bridge,  its 
zero  is  37.0  feet  from  initial  point  and  4.0  feet  from  center  of  pulley. 
Bench  mark  is  top  of  upstream  iron  girder  under  cross-ties  at  30  feet 
from  initial  point  and  is  51.0  feet  above  datum.  Center  of  pulley  is 
52.20  feet  above  datum.  Length  of  Avire  from  index  to  bottom  of  weight 
is  56.30  feet.    The  observer  is  8.  P.  Power,  jr. 

The  following  discharge  measurements  were  made  daring  1897  by 
Max  Hall  and  others : 

May  27;  gage  height,  2.10  feet;  discharge,  596  second-feet. 
June  22,  gage  height,  1.92  feet;  discharge,  580  second-feet. 
July  28,  gage  height,  2.24  feet ;  discharge,  920  seoond-feet. 
August  17,  giige  height,  2.25  feet;  discharge,  865  second-feet. 
September  27,  gage  height,  1.60  feet;  discharge,  358  second-feet. 
October  29,  gage  height,  1.67  feet;  discharge,  407  second- feet. 
November  10,  gago  height,  1.70  feet;  discharge,  395  second-feet. 
December  10,  gage  height,  2.00  feet;  discharge,  615  second-feet. 

September  28,  a  measurement  of  Broad  Eiver,  below  mouth  of  South 
Fork,  from  a  boat,  gave  a  discharge  of  472  second-feet.  On  same  date 
a  measurement  of  South  Fork,  just  above  mouth,  gave  a  discharge  of 
150  second-feet. 


Daily  gage  height,  in  feet,  of  Broad  Biver  at  Carlton,  Georgia,  for  1S97. 
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2.05 
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1.80 
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2.05 

1.70 
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1.95 
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15.... 
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1.80 
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1.85 
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_____^ 

October  18-25,  no  readings  taken ;  gage  broken ;  ga;;e  heigbta  estimated. 


SOUTH  ATLANTIC   WATERSHED. 
OABEY  STATION  ON  OOONEE  BITEB. 
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This  station,  described  in  the  Eighteenth  Annual  Report,  Part  lY, 
g^e  78,  is  located  at  an  iron  girder  deck  bridge  on  the  Georgia  Eail- 
y  at  the  station  of  Carey,  6  miles  west  of  Greensboro,  Georgia.  It 
just  below  the  junction  of  the  Appalachee  and  Oconee  rivers.  The 
server  is  J.  L.  Carey,  a  farmer.  The  length  of  the  wire  of  the  gage 
m  index  to  end  of  weight  is  46.95  feet.  The  rod,  14  foet  in  length 
nailed  to  the  guard  rail  of  the  bridge  on  the  downstream  side. 
(  zero  i>oint  is  24.8  feet  from  the  initial  point,  which  is  the  down- 
"eam  end  of  the  pier  near  the  lefb  bank  at  the  end  of  the  big  iron 
•der.  The  top  of  the  cord  or  iron  girder  20  feet  from  the  initial  point 
downstream  side  of  bridge  is  41.13  feet  above  datum  of  gage  heiglits. 
ith  banks  are  low  and  liable  to  overflow  under  the  trestles  to  the  end 
embankments.  The  bed  of  the  stream  is  rocky  and  not  easily 
anged.  The  current  is  good.  The  following  measurements  were 
bde  by  B.  M.  Hall  and  Max  Hall  durihg  1897 : 

annary  18,  gage  height,  4.95  feet ;  discharge,  3,318  second-feet, 
iarch  18,  gage  height,  5.15  feet;  discharge,  4,257  seoond-feet. 
ipril  29,  gage  height,  2.40 feet;  discharge,  1,992  second-feet, 
fay  28,  gage  heignt,  2.10  feet;  discharge,  1,047  second-feet. 
nne  9,  gage  height,  2.50  feet;  discharge,  1,885  second-feet, 
uly  30,  gage  height,  1.80  feet;  discharge,  1,103  second-feet. 
>otober  4,  gage  height,  1.08  feet;  discharge,  381  second-feet. 
ToYember  11,  gage  height,  1.92  feet;  discharge,  678  second-feet. 
>ecember  14,  gage  height,  2.30  feet;  discharge,  1,117  second-feet. 

Daily  gage  height,  in  feet,  of  Oconee  Biver  at  Carey  ^  Georgia,  for  1897* 
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OPERATIONS  AT   RIVER   STATIONS,  1897. 


DUBLIN  STATION  ON  OCONEE  BIYEB. 

This  station  is  located  one-half  mile  east  of  Dublin,  Georgia.  The 
gage  is  vertical  and  is  fastened  to  the  lower  side  of  the  middle  pier  of 
the  railroad  bridge.  Observations  are  taken  under  the  direction  of  the 
Weather  Bureau.  The  section  is  very  good,  although  broken  by  three 
piers  and  some  drift.  The  bed  of  the  river  is  soft.  The  channel  is 
straight  for  some  distance  above  and  below  the  section.  The  initial 
point  for  soundings  is  the  end  of  iron  bridge  on  right  bank  of  river. 
The  following  discharge  measurements  were  made  in  1897  by  B,  M, 
HallandP.  A.  Dallis: 

May  5,  gage  height,  6.10  feet;  discharge,  6,400  seoond-feet. 
Jane  7,  gage  height,  1.90  feet;  discharge,  2,861  second-feet. 
Juno  8,  gage  height,  1.77  feet;  discharge,  2,680  second-feet. 
Jnne  9,  gage  height,  1.50  feet;  discharge,  2,488  second-feet. 
Jane  10,  gage  height,  1.43  feet;  discharge,  2,488  second-feet. 
November  7,  gage  height,  0.40  foot;  discharge,  1,644  second-feet. 

Daily  gage  height,  in  feet,  of  Oconee  River  at  Dublin,  Georgia,  from  January  to  April,  18S7. 
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11.0 

13.5 

1.5 

13.0 

13.0 

12.1 

1.5 

14.3 

15.5 

9.9 

1.0 

16.1 

20.5 

8.0 

Day. 


17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 


Jan. 

Feb. 

Mar. 

Apr. 

4.8 

16.0 

22.7 

7.2 

5.0 

14.6 

21.4 

6.8 

4.6 

13.1 

20.0 

6.4 

5.2 

11.7 

18.0 

6.6 

6.0 

10.2 

16.0 

6.4 

6.0 

9.2 

14.7 

5.0 

7.2 

7.6 

15.5 

4.5 

7.8 

7.6 

16.2 

4.4 

8.4 

7.8 

17.0 

4.3 

8.4 

9.9 

17.7 

4.1 

6.4 

10.5 

17.0 

4.0 

5.2 

12.0 

15.5 

4.0 

8.8 

13.4 

3.9 

3.0 

10.8 

4.2 

2.8 

8.5 

SOUTH  ATLANTIC  WATERSHED. 


43 


ALMON  STATION  ON  YELLOW  BIVEB. 

This  station  is  located  one-quarter  mile  east  of  Almon,  Georgia,  and 
3  miles  west  of  Covington,  Georgia.  It  is  at  the  low  wagon  bridge 
crossing  the  stream  600  feet  below  the  Georgia  llailroad  bridge.  The 
observer  is  A.  A.  Almond.  The  following  are  the  discharge  measure- 
ments,  made  by  B.  M.  Hall  and  Max  Hall  in  1897: 

September  19, 1896,  gage  height,  0.75  foot;  discharge,  62  seoond-feet. 
March  27,  1897,  gage  height,  3.90  foet;  discharge,  876  second-feet. 
Jnne  21,  gage  height,  2.50  feet;  discharge,  287  second-feet. 
September  7,  gage  height,  1.53  feet;  disoharge,  123  second-feet. 
•December  8,  gage  height,  2.10  feet;  disoharge,  227  second-feet. 

Daily  gage  height,  in  feet,  of  Yellow  River  at  Almon,  Georgia,  from  September  to  Decem- 
ber, 1897. 


D«y. 

Sept. 

Oct 

Nov. 

Deo. 

D%y. 

Sept 

Oct 

Nov. 

Deo. 

1 

1.20 
1.10 
1.15 
1.20 
1.10 
1.15 
1.10 
1.10 
1.15 
1.20 
1.35 
1.90 
1.96 
1.90 
1.80 
1.52 

1.60 
1.66 
1.98 
1.90 
1.88 
1.70 
1.60 
].60 
1.75 
1.70 
1.68 
1.66 
1.64 
1.64 
1.64 
1.64 

2.20 
2.80 
2.70 
2.20 
2.80 
2.90 
2.10 
2.08 
2.06 
2.00 

'i.*98* 
1.95 
1.89 
1.86 
1.90 

17 

1.25 
1.80 
1.80 
1.22 
1.20 
1.20 
1.28 
1.35 
1.25 
1.30 
1.35 
1.30 
1.28 
1.24 

1.60 
1.60 
1.70 
1.80 
1.70 
1.66 
1.66 
1.60 
1.68 
1.60 
1.40 
1.40 
1.45 
1.50 
1.60 

1.68 
1.60 
1.65 
1.64 
1.68 
1.67 
1.66 
1.70 
1.68 
1.70 
1.70 
1.76 
1.80 
2.00 

2.00 
2.08 
1.96 
2.00 
2.06 
2.09 
2.20 
2.18 
2.10 
2.18 
2.10 
2.00 
1.96 
2.00 
2.04 

2 

18 

3 

19 

4 

20 

5 

21 

6 

22 

7 

28 

8 

24 

9 

25 

10 

26 

11 

27 

12 

1.40 
1.80 
1.42 
1.40 
1.30 

28 

13 

29 

u 

30 

15 

31 

16 
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OPERATIONS   AT  RIVER   STATIONS,  1897. 


MAOON   STATION  ON  OCMITLGEE  RIVER. 

This  station,  described  in  the  Eighteenth  Annaal  Report,  Part  lY, 
page  79,  is  at  Macon,  Georgia.  The  wire  gage  on  the  Macon,  Dablin 
and  Savannah  Eailroad  bridge  having  been  twice  stolen  in  the  spring 
of  1897,  observations  were  taken  on  the  Weather  Bureau  gage  referred 
to  the  same  datum,  which  is  a  vertical  rod  bolted  to  stone  pier  of  the 
Georgia  Eailroad  bridge.  The  observer  is  W.  T.  Bass.  A  bench  mark 
on  the  top  and  upper  end  of  the  triangular  casting  at  the  foot  of  the 
seventh  tie  rod  of  the  first  span  from  the  south  of  the  former  bridge  is 
28.84  feet  above  datum  of  gage.  Measurements  of  discharge  are  made 
from  the  wagon  bridge  a  short  distance  above.  The  velocity  of  the 
water  is  gentle,  but  not  too  slow  for  accurate  measurements.  The 
section  is  broken  by  one  pier.  The  following  measurements  were  made 
by  B.  M.  Hall  and  Max  Hall  during  1897 : 

March  15,  gago  height,  16.75  feet ;  diBoharge,  25,535  second-feet. 
May  4,  gage  height,  4.30  feet;  discharge,  2,750  second-feet. 
May  5,  gago  height,  3.50  foot;  discharge,  2,275  second-feet. 
May  18,  gage  height,  2.10  feet;  discharge,  1,592  second-feet. 
Jane  11,  gage  height,  2.85  feet;  discharge,  2,111  second-feet. 
Juno  12,  gage  height,  1.85  feet;  discharge,  1,479  second-feet. 
June  29,  gage  height,  0.90  foot;  discharge,  1,005  second-feet. 
September  23,  gago  height,  — 0.35  foot;  discharge,  504  second-feet. 
September  23,  gage  height,  — 0.35  foot;  discharge,  497  second-feet. 
November  7,  gago  height,  0.06  foot;  discharge,  735  second-feet. 
December  0,  gago  height,  1.20  feet ;  discharge,  1,356  second-feet. 

Daily  gage  h^ght,  in  feet,  of  Ocmulgee  Biver  at  MocoHj  Georgia,  for  1897. 


Day. 

Jan. 

0.68 

.63 

.60 

.58 

.58 

.54 

.52 

.50 

.40 

.40 

.51 

.40 

.48 

.53 

.46 

.44 

.44 

1.15 

1.50 

2.10 

1.25 

7.00 

5.50 

Feb. 

Mar. 

Apr. 

May. 

1.95 

1.90. 

1.87 

2.15 

2,23 

2.47 

3.00 

3.00 

2.91 

2.72 

2.57 

2.45 

3.05 

3.15 

3.28 

3.00 

June. 

Jaly. 

Ang. 

Sept. 

Oct. 

Nov. 

Deo. 

1 

2.00 
5.00 
8.00 
6.00 
6.00 
8.00 
6.50 
5.00 
4.75 
4.  55 
5.00 
13.  50 
12.  75 
7.00 
5. 00 
5.00 
5.12 
3.00 
2.75 
2.62 
2.65 
2.71 
2.00 
1.90 
6.00 
10.50 
7.02 
6.00 

4.00 

3.70 

3.20 

2,00 

4.00 

3.00 

11.60 

12. 70 

7.50 

5.00 

4.80 

6.00 

17.30 

18.00 

17.70 

13.00 

9.45 

8.25 

8.20 

9.57 

10.00 

9.00 

15.50 

14.00 

10.60 

8.35 

7.10 

6.40 

5.57 

5.21 

6.20 

5.57 

0.75 

10.05 

10.00 

15.12 

15.15 

12.60 

10.48 

10.00 

10.80 

7.80 

6.40 

5.00 

4.70 

4.00 

4.00 

3.70 

3.50 

8.20 

3.00 

2.00 

2.80 

2.70 

2.60 

2.40 

2.30 

2.22 

2.16 

2.08 

2.00 

1.22 
1.18 
3.15 
3.20 
3.12 
3.10 
3.00 
2.54 
2.32 
2.26 
2.18 
2.08 
2.04 
2.01 
1.89 
1.73 

1.08 

.75 

.65 

2.15 

2.30 

3.80 

3.12 

1.62 

1.28 

.90 

3.10 

3.33 

1.50 

.90 

.30 

.50 

.22 

.40 

1.48 

4.50 

9.82 

8.40 

5.52 

3.05 

1.70 

1.11 

1.32 

3.22 

2.10 

1.76 

1.12 

1.06 

.84 

.72 

.40 

.38 

.42 

1.40 

3.22 

1.10 

.80 

1.60 

2.00 

1.02 

.70 

.40 

.32 

.20 

2.60 

2.28 

8.18 

8.80 

8.10 

6.48 

4.70 

2.10 

1.40 

1.08 

.80 

.58 

.62 

.40 

1.10 
1.26 
.68 
.62 
.35 
.28 
.22 
.12 

—  .07 

—  .03 

—  .10 

—  .50 

—  .20 

—  .12 

—  .20 
.18 

—  .22 

—  .  33 
1.60 

.20 

—  .12 

—  .14 

—  .85 

—  .28 

—  .30 

—  .28 

—  .26 

—  .32 

—  .86 

—  .42 

-0.50 
.45 

—  .60 

—  .54 

—  .61 
.68 

—  .62 

—  .55 

—  .55 

—  .58 
+  .12 

.10 
.12 
.80 
.30 
.10 

—  .20 
.18 

—  .20 

—  .02 
.00 
.20 
.18 
.10 
.05 
.02 

—  .12 

—  .16 

—  .20 

—  .30 

—  .20 

-0.12 
-{-  .35 
.48 
.35 
.25 
.12 
.10 
.50 
.20 
.20 
.30 
.60 
.30 

—  .20 

—  .10 

—  .18 

—  .10 

—  .20 

—  .20 

—  .10 

—  .08 

—  .18 

—  .10 

—  .50 

—  .20 

—  .10 
+  .10 

.25 
8.10 
1.40 

1.22 

.70 

.60 

.62 

1.48 

1.30 

1.12 

1.48 

.60 

.52 

.48 

.43 

.41 

.90 

1.46 

1.22 

.40 

.58 

.52 

.47 

.47 

.51 

.70 

.68 

1.02 

.89 

.88 

1.42 

1.06 

.75 

.66 

2 

:{ 

4 

5 

C 

7 

8 

9 

10 

11 

12 

13... 

14 

15 

16 

17 

2.50     l-.'>2 

18 

2.22 
2.00 
1.84 
1.81 
1.78 
1.71 
1.68 
1.60 
1.66 
1.53 
1.50 
1.47 
1.36 
1.28 

1.45 
1.37 
3.25 
3.12 
2.80 
2.62 
2.70 
3.00 
3.11 
2.50 
1.00 
.90 
1.50 

19 

20 

21 

22 

23 

24 

3.00 
2.25 
2.00 
3.00 
3.12 
1.60 
1.25 
1.20 

25 

26 

27 

28 

29 

80 

81 

GULF   OP   MEXICO    WATERSHED. 


45 


MOLENA  STATION  ON  FLINT  RIVEU. 

ition  is  located  at  the  bridge  of  the  Georgia  Midland  Division 
uthern  Eailway  2  miles  southwest  of  Molena,  Georgia.    The 
is  attached  to  the  stringer  of  the  bridge.    The  bench  mark 
)  of  the  dowstream  iron  girder  under  the  cross  ties,  90  feet 
end  of  the  bridge  on  the  left  side  of  the  river,  and  its 
is  30.G5  above  the  gage  datum.    Tlie  channel  is  straight  for 
ince  above  and  below  the  bridge.    The  right  bank  is  low  and 
•verflow,  with  a  long  trestle  approach  to  the  bridge.    The  left 
yt  so  liable  to  overflow,  and  on  that  side  the  trestle  approach 
The  current  is  sluggish.    There  is  one  pier  in  mid-channel, 
ection  is  better  at  the  railroad  bridge  than  at  the  wagon 
low.    The  observer  is  J.  A.  Moore.    The  following  measure- 
re  made  in  1897  by  B.  M,  Hall  and  others: 

age  height,  1.50  feet;  diBoharge,  641  second-feet. 
%gG  height,  1.75  feet;  disohargo,  707  second- feet, 
j^age  height,  1.70  feet;  discharge,  697  second-feet. 
*f  gAge  height,  3.30  feet;  discharge,  2,843  second- feet. 
r  8,  gage  height,  1.70  feet;  discharge,  264  second-feet. 
'  '^f  S^S^  height,  2.10  feet;  discharge,  588  second-feet. 

)dbury,  3  miles  below  station : 

ago  height,  1.50  feet ;  discharge^  642  second-feet. 

ily  0^9^  heigh  tf  infect,  of  Flint  River  at  Molcnaj  Georgia,  for  1897. 


Day. 


Juiie. 


1.75 
2.00 
2.00 
1.75 
1.30 
1.15 
1.50 
1.60 
1.60 
2.00 
1.60 
1.50 
1.40 
1,70 
2.20 
2.40 
1.70 
2.25 
1.70 
1.45 
1.35 
1.25 
1.20 
1.10 


July. 

Aug. 

Sept. 

1.40 

1.45 

1.00 

1.30 

1.25 

1.70 

1.20 

1.15 

1.40 

1.35 

1.10 

1.25 

2.65 

1.05 

1.15 

2.45 

1.00 

1.10 

2.25 

1.25 

1.05 

1.90 

1.15 

1.05 

1.75 

1.10 

1.00 

1.80 

1.20 

1.05 

4.05 

1.50 

1.00 

3.05 

1.70 

1.05 

2.55 

1.55 

.95 

2.05 

1.45 

1.00 

1.50 

1.35 

1.10 

1.35 

1.25 

1.15 

1.25 

1.20 

1.10 

1.20 

1.70 

1.20 

1.15 

2.25 

1.10 

2  25 

2.80 

1.00 

2.80 

2.80 

1.05 

3.55 

3.45 

1.10 

2.55 

3.70 

1.05 

2.15 

3.60 

1.00 

1.80 

3.05 

1.10 

1.55 

2.20 

1.15 

1.65 

1.65 

1.05 

2.25 

1.50 

1.10 

2.10 

1.40 

1.05 

2.05 

1.80 

1.10 

1.95 

3.00 

Oct. 


1.15 
1.15 
1.20 
1.20 
1.15 
1.20 
1.25 
1.30 
1.30 
1.40 
1.45 
1.50 
1.50 
1.75 
1.70 
1.70 
1.60 
1.50 
1.35 
1.50 
l.-W 
1.45 
1.50 
1.50 
1.45 
1.45 
1.40 
1.45 
1.50 
1.70 
1.55 


Nov. 


1.60 
1.65 
1.75 
1.70 
1.70 
1.80 
1.70 
1.70 
1.65 
1.90 
1.90 
1.95 
1.85 
1.80 
1.75 
1.80 
l.PO 
1.90 
1.85 
1.70 
1.75 
1.80 
1.90 
1.90 
1.90 
1.80 
1.80 
1.95 
2.10 
2.20 


Dec. 


2.15 
2.10 
1.95 
1.95 
2.15 
2.15 
.  2.10 
2.05 
1.95 
1.90 
1.90 
1.90 
1.90 
2.00 
2.10 
2.10 
2.00 
2.00 
1.95 
1.90 
1.90 
2.00 
2.10 
2.10 
2.00 
2.00 
2.10 
2.10 
2.10 
2.00 
2.0O 
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OPERATIONS   AT   BXYEB   STATIONS,  1897. 


OAXDALE   STATION   ON   OHATTAHOOOHEE   RIYEB. 

This  station  described  iu  the  Eighteenth  Annaal  Eeport,  Part  IV, 
page  85,  is  located  at  the  Southern  Kailroad  bridge,  1  mile  above  the 
mouth  of  Proctor  Creek,  at  Oakdale,  Georgia.  The  pulley  and  rod  of 
the  wire  gage  is  attached  to  the  lower  guard  rail  on  the  second  panel 
of  the  second  span  from  the  east.  The  length  of  the  wire  gage  is  58.83 
feet.  The  distance  from  the  pulley  to  the  zero  of  the  rod  is  2.20  feet. 
Bench  mark  1,  a  railroad  spike  in  corner  of  stone  pier,  toward  river, 
downstream  side,  is  12.30  feet  above  datum.  Bench  mark  2,  center  of 
pulley,  is  56.36  feet  above  datum.  The  observer  is  J.  H.  Lowry.  The 
following  discharge  measurements  were  made  by  B.  M.  Hall  and  others 
during  1807 : 


Date. 


Apr.  24. 
Apr.  27. 
May  22 
May  25 
May  31 
May  31. 
Jane  9  . 


Gage 
height. 

Dis- 
charge. 

Feet. 

See.  ft. 

2.90 

3,065  i 

2.70 

2,703 

1.65 

2,055 

1.50 

2,014 

1.35 

1,929 

1.35 

2,003 

1.44 

1,991 : 

Date. 


June  16 
Jane  28 
Jaly  20. 
Aag.5.. 
Aug.  27- 
Sept.  10 


Gage 
heignt. 

Di8 

charge. 

Ftet. 

See,  ft- 

0.94 

1,523 

.57 

1,306 

12.9 

15, 617 

.84 

1,276 

.33 

1,196 

—  .12 

849 

Date. 


Sept.  17 
Oct.2  .. 
Nov,  5.. 
Nov.  24. 
Dec.  6.. 
Dec.  28 . 


Gase 
height. 


Feet. 
—0.30 
—  .50 
.46 
1—  .05 
2.65 
1.70 


Dis- 
charge. 


Secjl 
778 
659 

1,194 
879 

2,426 

1,926 


Daily  gage  height ,  in  feet,  of  Chattahoochee  Riter  at  Oakdale,  Georgia,  for  1897. 


Day. 


1.-.. 

o 

3..*. 

4.... 

5-... 

6.... 

7.... 

8.... 

9.... 
10.... 
11.... 
12.... 
13. . . . 
14.... 
15.... 
16..., 
17.... 
18.... 
19.... 
20.... 
21.... 
22.... 
23.... 
24.... 
25.... 
26.... 
27.... 
28.... 
29.... 
30.... 
31.... 


Jan. 

Feb. 

Mar. 

Apr. 

May. 

June. 

0.20 

3.10 

2.00 

2.90 

4.10 

1.00 

.20 

4.50 

1.80 

4.30 

3.20 

1.00 

.20 

4.90 

1.80 

5.55 

2.80 

1.15 

.30 

3.25 

2.00 

8.00 

2.50 

1.35 

.40 

3.70 

1.90 

11.80 

2.40 

1.15 

.40 

4.10 

9.00 

17.25 

2.25 

1.05 

.35 

5.50 

9.20 

8.75 

2.15 

1.00 

.35 

5.00 

5.50 

5.70 

2.05 

.85 

.30 

3.10 

4.45 

6.12 

2.00 

1.10 

.30 

2.40 

4.05 

5.30 

1.95 

1.00 

.20 

3.40 

3.60 

4.50 

1.90 

1.00 

.20 

4.00 

6.40 

4.05 

1.90 

.85 

.40 

5.30 

12.60 

4.00 

1.85 

.75 

3.00 

4.00 

10.00 

4.55 

1.90 

.65 

3. 70 

2.60 

8.40 

4.05 

2.35 

.65 

2.80 

2.60 

6.80 

4.00 

1.85 

.50 

2.40 

2.40 

5.45 

3.50 

1.70 

1.55 

4.00 

2.10 

6.10 

2.20 

1.50 

1.00 

4.60 

1.90 

5.80 

8.05 

1.45 

1.05 

5.50 

2.50 

5.55 

3.00 

1.35 

.55 

7.50 

2.50 

5.00 

2.80 

1.85 

1.35 

0.85 

2.90 

4.30 

2.75 

1.40 

.76 

3.90 

5.10 

4.50 

2.70 

1.40 

.55 

3.20 

4.50 

4.00 

2.70 

1.35 

.45 

2.00 

3.60 

3.90 

2.65 

1.30 

.90 

1.65 

2.90 

3.35 

2.60 

1.20 

.55 

.45 

2.40 

3.10 

2.40 

1.10 

.45 

1.10 

2.05 

3.00 

2.10 

1.05 

.30 

1.25 

2.75 

2.00 

1.00 

1.00 

1.50 

2.70 

2.20 

1.05 

.75 

2.00 

2.15 

"•"*••  " 

1.10 

0.50 

.45 

.65 

.55 

1.15 

.65 

2.50 

1.80 

1.32 

2.45 

2.45 

1.60 

1.20 

.85 

.60 

.50 

4.20 

2.45 

12.00 

13.25 

10.30 

6.10 

4.85 

2.20 

1.65 

2.85 

2.80 

1.35 

1.20 

1.10 

.05 


Aug. 


0.85 

.80 

.00 

.80 

.70 

.65 

1.60 

1.35 

1.40 

1.20 

.95 

.80 

.65 

.50 

.45 

.40 

2.90 

1.25 

.95 

.65 

.55 

1.15 

1.10 

1.00 

.60 

.50 

.25 

.20 

.20 

.15 

1.65 


Sept 


Oct. 


0.50 

.35 

.10 

.20 

.10 

.00 

.00 

-.05 

-.16 

—.15 

—.20 

—.20 

—.15 

—.20 

-.25 

—.25 

—.30 

—.30 

-.30 

—.85 

—.35 

—.35 

—.35 

—  30 

—.25 

—.30 

—.85 

—.36 

—.35 

—.40 


—0.50 

—  .50 

—  .50 

—  .45 

—  .50 

—  .50 

—  .50 

—  .40 

—  .45 

—  .45 
+  1.35 


1. 
1. 


50 
40 

—  .35 
+  .15 

.00 

—  .05 

—  .15 

—  .15 
.00 

1.45 
.85 
.15 
.00 
.05 
.05 

—  .05 

—  .05 

—  .05 

—  .10 

—  .10 


Nov. 


0.00 

.35 

.35 

.95 

.35 

.30 

.15 

.15 

.10 

.15 

.10 

.05 

.00 

-.05 

-.10 

-.05 

h.lO 

-.05 

-.06 

-.05 

-.05 

-.05 

-.06 

-.10 

-.10 

-.10 

+  .60 

1.35 

1.85 

1.50 


Dee. 


1.10 
.85 
1.20 
1.90 
2.65 
2.60 
1.50 

1.10 

.75 

.60 

.55 

.50 

.50 

1.75 

1.M 

1.00 

1.65 

1.15 

.65 

.75 

.•5 

1.95 

2.95 

1.75 

LW 

t» 

1.96 
1.85 
1.35 
105 
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WEST  POINT  STATION  ON  GHATTAHOOOHEE  BIVEB. 


This  station,  described  iu  the  Eighteenth  Annual  Report,  Part  lY, 
page  90,  is  at  the  highway  bridge  in  the  city  of  West  Point,  Georgia, 
about  1,200  feet  from  the  railroad  passenger  depot.  The  rod  on  the 
highway  bridge  is  nailed  to  the  floor  of  the  downstream  footway  on 
the  outside  of  the  iron  hand  rail.  The  center  of  the  3-inch  pulley  is  at 
gage  height  25.38  feet  and  7.9  feet  from  zero  point  of  rod.  The  length 
of  cable  from  bottom  of  weight  to  index  is  33.46  feet.  One  bench 
mark  on  the  highway  bridge  is  the  top  of  the  flrst-floor  beam  from 
west  end  pier  and  is  24.01  feet  above  zero;  the  other  is  on  the  top  of 
the  second-floor  beam  from  west  end  pier  and  is  24.19  feet  above  zero. 
The  bottom  is  sandy  and  liable  to  change.  The  banks  of  the  river  at 
the  ends  of  the  bridge  seldom,  if  ever,  overflow,  but  the  ground 
between  the  banks  and  the  depot  is  lower  and  does  overflow  at  high 
water.  The  observer  is  0.  E.  Melton.  The  following  discharge  meas- 
urements were  made  by  B.  M.  Hall  and  Max  Hall  during  1897: 


Date. 

Gage 
height. 

Dis- 
charge. 

Date. 

Gage 
heiglt. 

Dig. 
charge. 

Date. 

Gage 
height. 

Dis- 
charge. 

Feet. 

See.  ft. 

Feet. 

See.  ft. 

Feet. 

Sec.  ft. 

Jan.  23... 

6.66 

11,921 

June  19  . . . 

2.69 

2,934 

Sept.  32  .. 

1.20 

,985 

Apr.26... 

3.70 

5,448 

Julys 

3.03 

3,470 

Nov.9.... 

1.71 

1,345 

May  4.... 

4.13 

6,230 

July  23.... 

5.01 

7,853 

Nov.  23... 

1.60 

1,322 

May  19... 

3.00 

3,557 

Aug.  14 

2.12 

1,915 

Dec.  17... 

3.14 

3,989 

.June  5  . . . 

2.90 

3,253 

Sept. 4  .... 

1.80 

1,690 

Daily  gage  height,  in  feet,  of  Chattahoochee  River  at  West  Point,  Georgia,  for  1897. 


Day. 


1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

26 

27 

28 

29 

30, 

31. 


Jan. 


1.90 
1.90 
1.90 
1.95 
2.00 
2.00 
2.00 
1.05 
1.95 
1.00 
1.90 
1.95 
1.96 
2.10 
2.20 
4.00 
4.05 
3.35 
8.30 
5.40 
8.20 
7.30 
6.50 
4.80 
3.70 
8.50 
3.20 
3.00 
3.00 
2.05 
3.20 


Feb. 

Mar. 

Apr. 

May. 

June. 

3.15 

3.65 

4.00 

3.90 

2.66 

4.40 

3.60 

4.0O 

4.00 

2.70 

7.00 

3.50 

3.95 

3.80 

2.80 

7.40 

3.50 

4.40 

3,75 

2.85 

7.10 

3.60 

8.60 

8.65 

2.90 

6.00 

4.10 

10.20 

3.60 

2.95 

6.00 

10.95 

11.00 

3.60 

2.80 

5.20 

9.30 

10.50 

3.60 

2.70 

5.00 

7.10 

8.00 

3.55 

2.60 

4.70 

5.50 

7.10 

3.50 

2.60 

4.90 

5.30 

6.50 

3.60 

2.65 

7.12 

6.20 

6.30 

3.65 

2.65 

6.50 

10.70 

6.00 

3.75 

2.60 

6.10 

14.10 

5.80 

3.60 

2.50 

4.70 

12.90 

5.70 

3.40 

2.45 

4.65 

11.00 

6.60 

3.20 

2.40 

4.60 

10.90 

5.30 

3.10 

2.60 

4.50 

10.00 

5.00 

3.00 

2.90 

4.30 

9.00 

4.50 

3.00 

2.70 

4.35 

8.50 

4.20 

2.90 

2.60 

4.35 

8.30 

4.20 

2.85 

2.55 

4.40 

8.10 

4.10 

2.80 

2.55 

4.85 

8.00 

4.00 

2.75 

2.50 

5.60 

8.60 

3.80 

2.70 

2.50 

6.60 

7.60 

3.85 

2.70 

2.50 

4.00 

6.00 

3.70 

2.70 

2.60 

3.00 

4.95 

3.65 

2.70 

2.30 

3.80 

4.70 

8.60 

2.65 

2.15 

4.50 

3.60 

2.65 

2.00 

4.30 
4.00 

3.80 

2.65 
2.66 

1.90 

July.  I  Ang. 


1.90 
1.90 
2.00 
2.30 
3.00 
3.50 
2.50 
3.00 
3.00 
2.00 
2.90 
2.80 
2.40 
2.20 
2.00 
1.80 
1.00 
2.00 
3.00 
9.00 
11.40 
8.00 
6.40 
4.40 
4.20 
4.10 
4.00 
3.60 
3.60 
3.00 
2.80 


2.90 
3.00 
3.20 
2.80 
2.80 
2.60 
2.40 
2.20 
2.00 
1.90 
2.90 
3.00 
2.70 
2.30 
2.25 
2.00 
2.95 
3.50 
4.00 
4.50 
6.20 
8.10 
7.00 
6.10 
8.60 
2.80 
2.40 
2.10 
2.10 
1.90 
1.90 


Sept. 


1.80 
1.70 
1.65 
1.65 
1.60 
1.60 
1.50 
1.50 
1.40 
1.40 
1.40 
1.35 
1.35 
1.30 
1.30 
1.30 
1.25 
1.25 
1.20 
1.20 
1.20 
1.20 
1.20 
1.20 
1.15 
1.15 
1.15 
1.10 
1.10 
1.10 


Oct. 


1.10 
1.10 
1.05 
1.05 
1.00 
1.00 
1.00 
0.95 
0.95 
0.95 
1.15 
1.50 
3.00 
2.00 
2.50 
1.90 
1.75 
1.65 
1.60 
1.40 
1.60 
1.60 
1.40 
1.40 
1.30 
1.30 
1.20 
1.20 
1.40 
1.40 
1.80 


Nov. 

Dec. 
2.50 

1.30 

1.30 

2.50 

1.30 

2.50 

1.60 

2.40 

2.30 

2.60 

2.00 

2.75 

1.80 

2.85 

1.65 

2.60 

1,70 

2.60 

1.90 

2.50 

1.00 

2.40 

1.70 

2.40 

1.70 

2.60 

1.60 

4.30 

1.60 

3.75 

1.60 

3.60 

1.50 

3.10 

1.50 

3.06 

1.55 

3.10 

1.40 

3.90 

1.30 

4.00 

1.20 

3.80 

1.10 

3.70 

1.05 

3,70 

1.05 

3.65 

1.10 

8.60 

1.90 

3.50 

2.65 

3.20 

2.60 

2.80 

2.50 

2.60 

2.50 

\ 
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OPERATIONS   AT   RIVER   STATIONS,  18d7. 


(lANTON  STATION  ON  ETOWAH  RIVER. 

This  station,  described  in  the  Eighteenth  Annual  Report,  Fart  lY, 
page  94,  is  one-half  mile  above  the  mouth  of  Canton  Greek,  and  is 
located  at  the  iron  highway  bridge  over  Etowah  Iliver  about  1,000  feet 
north  of  and  upstream  from  the  Atlanta,  Knoxville  and  Northern  Bail- 
road  depot  at  Canton,  Georgia.  The  United  States  Weather  Bureau 
gage  rod  is  used.  The  observer  is  J.  A.  Low.  The  bench  mark  is  ou 
the  left-bank  pier.  The  iron  bridge  rests  on  four  pieces  of  railroad 
track  iron,  forming  a  cap.  Measuring  from  the  end  toward  the  river  on 
one  of  these  on  the  upstream  side  of  the  bridge,  its  top  is  23.3  feet  above 
the  datum  of  the  gage.  Up  to  3  feet  gage  height  the  river  is  only 
IIG  feet  wide,  and  flows  between  the  piers  on  its  lower  banks.  Up  to 
about  14  feet  it  is  confined  between  its  upper  banks,  which  are  the 
abutments  at  outer  end  of  approaches.  Above  this  stage  it  begins  to 
overflow  the  bottom  lands.  The  initial  point  is  the  top  of  right-bank 
pier,  at  its  edge  toward  the  river.  The  following  discharge  measure- 
ments were  made  by  B.  M.  Hall  and  Max  Hall  during  1897 : 

March  17,  gage  height,  2.60  feet;  discharge,  2,656  second-feet. 
May  5,  gage  height,  0.75  foot;  discharge,  1,264  second-feet. 
June  16,  gage  height,  1.27  feet;  discharge,  1,632  second- feet. 
August  28,  gage  height,  — 0.30  foot ;  discharge,  449  second-feet. 
September  21,  gage  height,  — 0.60  foot;  discharge,  284  second-feet. 
November  12,  gage  height,  0.23  foot;  discharge,  346  second-feet. 
December  13,  gage  height,  0.33  foot;  discharge,  514  seoond-feet.  ^ 

Daily  gage  heightf  in  feet,  of  Etowah  liiver  at  Canton,  Georgia,  for  1897, 


I>ay 


Jan. 


1. 

2. 

3., 

4. 

6. 

6.. 

7. 

8.. 

9.. 
10.. 
11., 
12. 
13-. 
14. 
16.. 
16.. 
17.. 
18.. 
19.. 
20.. 
21.. 
22.. 
23.. 
24.. 
25.. 
26.. 
27.. 
28.. 
29.. 
30.. 
31.. 


—0.10 

—  .10 

—  .10 

—  .10 

—  .10 

—  .10 

—  .10 

—  .10 

—  .10 

—  .10 

—  .10 

—  .10 

—  .10 
2.20 
1.80 

.90 

.50 

2.00 

1.60 

3.60 

3.00 

2.00 

1.00 

.80 

.70 

.70 

.70 

.60 

.60 

.60 

.60 


Mar. ,  Apr.    May 


0.60 

2.20 

1.00 

.80 

.80 

.90 

.80 

.80 

.80 

.80 

.80 

.80 

1.80 

1.00 

.80 

.80 

.70 

.60 

.60 

.60 

.80 

.80 

1.60 

1.00 

1.00 

.80 

.80 

.80 


0.80 
.60 
.60 
.60 
0.60 
3.60 
4.00 
2.00 
1.80 
1.80 
1.80 
2.80 
7.20 
6.80 
4.00 
3.60 
2.60 
2.40 
2.00 
2.80 
2.00 
1.00 
1.80 
1.80 
1.60 
1.60 
1.40 
1.20 
1.20 
1.20 
1.20 


1.60 
2.00 
2.00 
2.60 
11.20 
5.00 
3.00 
2.00 
3.00 
2.60 
2.40 
2.20 
2.00 
2.00 
2.00 
1.80 
1.80 
1.40 
1.40 
1.20 
1.20 
1.00 
1.00 
1.00 
1.00 
.80 
.80 
.80 
1.00 
1.00 


2.00 
1.80 
1.80 
1.60 
.70 
.70 
.70 
.60 
.60 
.50 
.50 
.50 
.50 
.40 
.40 
.40 
.40 
.40 
.40 
.40 
.30 
.30 
.20 
.10 
.10 
.10 
.10 
.10 
.10 
.10 
.10 


June. 


0.10 
.10 
.70 
.50 
.50 
.50 
.40 
.40 
.80 
.30 
.20 
.10 
.10 
.10 
.00 
3.00 
1.00 
.80 
.60 
.40 
.40 
.30 
.30 
.30 
.80 
.20 
.10 
.10 
.10 
.10 


July. 


0.00 
.00 
.00 
.00 
.00 
.00 
.40 
.40 
.40 
.30 
.30 
.20 
.20 
.20 
.10 
.10 
.90 
.90 
1.00 
2.00 
7.10 
2.60 
1.00 
.80 
.80 
.60 
.60 
.50 
.60 
.40 
.20 


Aug. 


0.20 
.00 
.00 
.00 
.00 
.60 
.80 
.80 
.60 
.60 
.60 
.40 
.40 
.20 
.20 
.20 
1.00 
1.00 
.80 
.60 
.40 
.20 
.00 
.00 
.00 

—  .10 
-  .20 

—  .30 

—  .40 

—  .40 
-1-1.00 


Sept.  '  Oct. 


0.80 
.00 
—.30 
—.40 
—.40 
—.50 
—.60 
—.60 
—.60 
—.60 
—.60 
—.60 
—.60 
—.60 
—.60 
—.60 
—.60 
—.60 
—.60 
—.60 
—.60 
—.60 
—.50 
—.50 
—.60 
—.80 
—.60 
—.60 
—.60 
—.60 


—0.70 

—  .70 

—  .70 

—  .50 

—  .40 

—  .30 

—  .30 
-.40. 

—  .40 

—  .40 
+  1.20 

1.00 
.80 
.80 
.60 
.60 
.60 
.40 
.40 
.60 
.40 
.40 
.40 
.40 
.40 
.40 
.30 
.30 
.30 
.30 
.20 


Nov.     Dec. 


0.20 
.80 
.80 
.60 
.50 
.50 
.30 
.30 
.30 
.20 
.20 
.20 
.20 
.20 
.20 
.20 
.20 
.20 
.10 
.10 
.20 
.20 
.20 
.20 
.80 
.60 
.60 
.60 
.80 
.60 


0.60 
.60 
.60 
.60 

2.00 

1.00 
.90 
.80 
.80 
.80 
.80 
.60 
.80 
.90 
.90 
.80 
.70 
.70 
.80 
.80 
.90 

1.00 
.90 
.80 
.80 
.80 
.70 
.60 
.60 
.60 
.60 


GULF   OF   MEXICO   WATEB8HED. 


OASTERS  8TATI0M  ON   COOSA WATTKB  BITBR. 

Thia  statiou,  described  io  tlie  Eighteenth  Annual  Beport,  Part  IV, 
page  96,  is  at  the  iron  liighway  bridge  at  Carters,  Murray  County,  Geor- 
gia, about  20  miles  northeast  of  Calhoun,  the  most  convenieut  railroad 
station.  The  current  is  not  uuifonn,  being  broken  by  a  gravel  bar 
above,  but  is  a  fairly  good  sectiou  for  measurement.  Tho  bed  is  gravel 
and  not  apt  to  change.  The  banks  are  high,  but  are  sometimes  over- 
flowed. The  rod  of  the  gage  is  nailed  to  the  outside  of  the  guard  tim- 
ber on  downstream  side  of  the  bridge.  Center  of  3-inch  inilley  is  20 
feet  from  Initial  point  and  is  33.05  feet  above  datum.  The  zero  point  of 
rod  is  5  feet  from  center  of  pulley.  The  length  of  wire  cable  from  bot- 
tom of  weight  to  index  marker  is  37,24  feet.  The  top  of  the  cylindrical 
iron  pier  at  the  right-bank  downstream  corner  of  bridge  is  30.35  feet 
above  gage  datum.  The  observer  la  Col.  S.  M.  Carter.  The  following 
messnrements  were  made  by  Max  Hall  and  others  during  1807 : 


Date. 

.S.X 

c  £1^8. ; 

B.-. 

bai'JS't. 

«h»rge.  1 

iJght.    dIuuVe. 

F«l. 

Sec/ft. 

Fttt. 

s^,J, 

Fat. 

Srt.fat. 

Hay  22... 

2.10 

815! 

June28.... 

1.33 

474 

Nov.  15-.. 

0.77 

243 

M»;24... 

1.95 

771  , 

Jnly  15.... 

1.50 

545 

Nov.24..- 

.75 

263 

Hay  26... 

1.88 

712 

July  22--.- 

2.41 

1,079 

Deo.ll... 

2.71 

1,118 

Mayas... 

1.S) 

698 

Septn  ... 

.70 

251 

Doc.  22... 

3.54 

1,661 

Junel.... 

1.90 

724 

Sept. 27  ... 

.60 

216 

Dail3  gag»  height,  in 

feet,  of  Coosaaaltet  Biver  at 

Garten, 

Georgia, /or  1897. 

D^. 

.30 
.2S 

:» 

.so 

:« 

.10 

3.SU 

ioo 

3.00 

.IB 
.10 

3.10 
3.00 

.1» 

!*o 

.30 

Feb.. 

i.to 

4.00 
3.00 
3.  IS 
■1.UI 

S,B5 

li 

3.60 

3:  is 
siou 

3.M 
3.40 

2.  OS 
1.S& 

*:oo 

II 

10.  uo 

Apr. 
4.  OS 

lioo 
i!oa 

11 

M.J. 

1.00 

3.3J 

3.50 
3.40 
2.35 
3.30 
3,30 

11 

3.50 
3.50 
2.40 

3:30 

3:  SO 

3.00 

i!>o 

1.S0 
1.80 

I'.m 

Juno. 

.BO 
.SO 

!oo 
iso 

'.On 
.00 
.90 

'.w 
!«» 

LW 

L40 

1.W 
1.40 
.40 

'.w 

July,  j  Aqg. 

S.1^ 

Oct, 

Not. 

... 

1  40    1  as 

1  nn 

orni 

0.80 
.80 

i.so 

1.00 
.70 

!«o 

,70 

!ea 

.80 
.70 
.70 
.70 
.00 

,eo 

,70 
.70 
.70 

:»s 

!85 
.70 

:7o 
:75 

0  7S    1 

.75 

.M 
3.20 
3.60 

.KO 

lio 

'.m 
.on 

loo 
iso 

i!io 

'- 

SB 
00 

M 
30 

05 

00 

00 
00 
80 
80 

50 

70 

70 
70 

00 
00 

«o 
00 

00 
55 

; 

S5 

ss 

S5 

ao 

70 

au 

«0 

I'm' I  a 

.70 

:bo 

S.10 

5.00 

(ioo 

3.35 

sloo 

»:« 

30 

_   . 

50 


OPEBATION8   AT   RIVER   STATIONS,  1897. 


RESAGA   STATION   ON   OOSTANAULA  RIVER. 

This  station,  described  in  the  Eighteenth  Annual  EeiK>rt,  Part  IV, 
page  98,  is  at  the  iron  railroad  bridge  of  the  Western  and  Atlantic  Bail- 
road,  in  the  town  of  Eesaca,  Georgia,  1,000  feet  from  the  depot.  The 
river  bed  is  probably  soft  and  liable  to  change.  The  wire  gage  is 
adjusted  to  the  same  datum  as  the  Weather  Bureau  gage  at  this  point. 
The  initial  point  is  the  first  pin  of  bottom  link  cord  at  right-bank  end 
of  bridge,  downstream  side.  The  rod  of  the  wire  gage  is  nailed  to  the 
outside  of  the  guard  rail  on  the  downstream  side.  The  center  of  the 
3  inch  pulley  is  on  the  downstream  side  of  the  bridge  61.50  feet  from 
initial  point,  and  at  40.20  feet  gage  height.  The  end  or  zero  i>oint  of 
the  rod  is  3  feet  from  the  center  of  the  pulley.  The  length  from  bottom 
of  weight  to  index  of  gage  cable  is  43.40  feet.  The  first  bench  mark  is 
on.  the  top  of  capstone  of  center  pier  at  36.12  feet  gage  height.  The 
second  is  the  top  of  cross-tie  near  center  at  40.12  feet  gage  height.  The 
observer  is  S.  M.  Barnett,  railroad  agent  at  depot,  who  is  also  the 
observer  for  the  Weather  Bureau.  The  following  discharge  measure- 
ments were  made  by  Olin  P.  Hall  and  Max  Hall  during  1897: 

May  25,  gage  height,  3.48  feet;  discharge,  1,535  second-feet. 
May  29,  gage  height,  3.26  feet;  discharge,  1,389  seoond-feot. 
.  Jane  23,  gage  height,  2.44  feet;  discharge,  972  second -feet. 
September  23,  gage  height,  1.20  feet;  discharge,  406  second-feet. 
November  14,  gage  height,  1.46  feet;  discharge,  510  second-feet. 
December  24,  gage  height,  7.10  feet;  discharge,  4,642  second-feet. 
December  30,  gage  height,  3.42  feet;  discharge,  1,630  second-feet. 

I  Daily  g<ig^  height,  in  feet,  of  Ooetanaula  River  at  Beeaoa,  Georgia,  for  1897. 


Day. 

Jan. 

^'eb. 

Mar. 

Apr. 

May. 

Jnne. 

July. 

Aug/ 

Sept 

Oct. 

Nov. 

Dec. 

1 

2.20 
2.20 
2.20 
2.20 
3.00 
3.05 
2.75 
2.50 
2.40 
2.30 
2.25 
2.25 
2.25 
5.45 
7.50 
5.10 
4.10 
5.40 
5.20 
4.40 
9.60 
8.70 
6.10 
5.00 
4.40 
4.00 
8.70 
8.40 
2.70 
3.10 
3.50 

3.80 

13.90 

14.00 

13.20 

8.70 

6.20 

7.80 

7,60 

7.00 

6.00 

6.80 

8.60 

9.80 

7.70 

6.40 

5.70 

5.40 

4.70 

4.60 

4.50 

5.00 

4.60 

11.40 

12.00 

10.60 

6.70 

6.70 

5.10 

4.60 

4.40 

4.20 

4.30 

5.00 

10.60 

18.00 

18.80 

19.00 

16.20 

10.70 

16.50 

21.70 

21. 70 

24.60 

26.00 

25.30 

23.80 

21.30 

18.90 

18.20 

18.40 

17.50 

12.70 

8.40 

7.60 

6.70 

6.60 

6.00 

6.00 

6.00 

7.30 

11.40 

12.40 

12.50 

18.50 

20.30 

19.60 

16.30 

10.10 

10.40 

8.60 

7.60 

6.80 

6.40 

6.80 

8.20 

7.00 

6.20 

5.80 

5.50 

5.30 

5.10 

4.90 

4.80 

4.80 

4.70 

4.70 

4.60 

4.40 

4.30 

5.40 
6.06 
4.60 
4.40 
4.26 
4.10 
4.00 
3.95 
3.86 
3.85 
3.95 
4.90 
6.45 
8.45 
8.75 
5.70 
4.70 
4.40 
4.10 
3.95 
3.85 
3.80 
3.75 
3.60 
3.50 
3.35 
3.30 
3.26 
3.25 
3.15 
3.50 

4.26 
3.60 
3.60 
3.65 
3.35 
3.15 
3.00 
2.90 
8.00 
3.15 
2.90 
2.75 
2.70 
2.60 
2.55 
2.60 
2.70 
2.90 
2.75 
2.60 
2.60 
2.45 
2.35 
2.35 
2.45 
2.45 
2.30 
2.26 
3.50 
2.90 

2.60 
2.25 
2.20 
2.15 
2.20 
2.55 
6.20 
3.60 
2.80 
2.80 
3.25 
8.30 
2.90 
2.65 
2.30 
2.15 
3.10 
2.90 
8.40 
11.80 
7.85 
9.00 
7.20 
4.20 
3.26 
4.05 
4.40 
3.90 
3.20 
2.80 
2.55 

2.45 
2.30 
3.00 
2.40 
2.50 
3.15 
4.00 
3.45 
2.85 
2.50 
3.20 
2.76 
2.50 
2.16 
2.10 
2.10 
2.56 
3.00 
2.20 
2.10 
2.00 
2.20 
2.60 
2.50 
2.20 
2.05 
2.00 
1.85 
1.75 
1.70 
1.86 

2.30 
1.00 
1.90 
1.80 
1.80 
1.60 
1.50 
1.45 
1.40 
1.40 
1.40 
1.40 
1.35 
1.30 
1.30 
1.3A 
1.80 
1.40 
1.25 
1.20 
1.15 
1.16 
1.15 
1.15 
1.15 
1.16 
1.15 
1.10 
1.20 
1.00 

1.00 
1.05 
1.05 
.95 
.95 
1.05 
1.10 
1.05 
1.05 
1.05 
1.10 
2  05 
3.00 
1.80 
1.60 
1.45 
1.85 
1.20 
1.15 
2.15 
2.05 
2.00 
1.80 
1.75 
1.50 
1.40 
1.86 
1.35 
1.35 
1.30 
1.30 

1.35 
2.05 
2.30 
2.10 
1.90 
1.75 
1.65 
1.55 
1.55 
1.55 
1.55 
1.60 
1.46 
1.45 
1.46 
1.40 
1.40 
1.45 
1.45 
1.40 
1.40 
1.40 
1.40 
1.45 
1.40 
1.40 
1.55 
1.80 
1.75 
1.75 

1.85 
1.65 
2.00 
4.65 
6.10 
5.70 
4.30 
3.10 
2.  GO 
2.35 
2.20 
2.20 
2.10 
4.15 
6.30 
4.45 
3.40 
2.90 
2.75 
5.25 
6.20 
8.45 
9.25 
7.50 
4.95 
4.45 
4.90 
4.2S 
3.75 
3.40 
3.20 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

18 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

28 

27 

28 

29 

80 

31 

GULP  OP  MEXICO  WATERSHED.  51 

BIYEBSIBE  STATION  ON  OOOSA  BIYEB. 

This  station,  described  in  the  Eighteenth  Annnal  Report,  Part  lY, 
page  99,  is  at  the  bridge  of  the  Southern  Kailway  across  the  Goosa 
River  near  Riverside,  Alabama.  The  observer  is  J.  W.  Foster,  who  is 
employed  at  a  large  sawmill  about  300  feet  distant.  The  center  of  the 
3-iuch  pulley  is  5  feet  east  of  zero  of  rod,  and  is  33.15  feet  above  gage 
datum.  The  length  of  wire  cable  from  bottom  of  weight  to  index  is 
38.35  feet.  The  first  bench  mark  is  the  top  of  capstone  on  the  large 
circular  center  pier  of  turn  span.  It  is  26.80  feet  above  datum  of  gage 
at  downstream  side  of  pier.  The  top  of  the  first  iron  floor  beam  on 
stationary  part  east  of  the  draw,' near  gage,  downstream  end,  is  31.13 
feet  above  gage  datum.  The  following  discharge  measurements  were 
made  by  B.  M.  Hall  and  Max  Hall  during  1897 : 

March  31,  gage  height,  4.53  feet ;  discharge,  12,515  second- feet. 
Jane  17,  gage  height,  1.54  feet;  disobargo,  3,747  secoud-feet. 
Jnly  21,  gage  height,  5.55  feet ;  discharge,  16,925  second-feot. 
Aagast  20,  gage  height,  2.58  feet;  discharge,  6,174  second* feet. 
November  29,  gage  height,  0.80  foot;  discharge,  1,854  second-feet. 

LOCK  NO.  4  AND  LOCK  NO.  6. 

The  station  at  Lock  No.  4^  described  in  Water  Supply  and  Irrigation 
Paper  No.  11,  page  31,  is  located  2-  miles  above  Riverside,  Alabama. 
The  first  section  of  the  vertical  gage  rod  is  fastened  to  the  lower  end 
of  the  cofferdam,  500  feet  below  the  dam  on  the  river.  The  second  sec- 
tion is  fastened  to  a  sycamore  tree  150  feet  below  rod  1.  Zero  of  rod  is 
477.30  feet  above  the  Mobile  datum.  The  bench  mark  is  a  brass  point 
in  stone  post  1,000  feet  up  river  from  lower  gage,  and  is  510.55  feet 
above  Mobile  datum. 

The  station  at  Lock  No.  5,  described  in  the  Eighteenth  Annual  Eeport, 
Part  IV,  page  101,  is  located  one-half  mile  above  the  Birmingbaui  and 
Atlantic  Bailroad  crossing  and  about  20  miles  below  the  gaging  station 
at  Biverside,  Alabama.  The  gage  is  vertical,  in  two  sections,  fastened 
to  trees,  immediately  above  the  landing  at  Collin's  ferry.  The  zero  of 
the  gage  is  460.37  feet  above  Mobile  datum.  Bench  mark  1  is  on  the 
oak  tree,  to  which  one  section  of  the  rod  is  fastened,  and  is  471.80  feet 
above  Mobile  datum.  Bench  mark  2  is  center  of  iron  plate  at  top  of 
cylindrical  pier  at  right  bank,  upstream  side  of  railroad  bridge  below, 
and  it  is  at  an  elevation  of  493.91  feet,  Mobile  datum.  Biver  height 
observations  were  continued  at  these  stations  in  1897  under  the  direction 
of  the  United  States  Engineer  Oorps. 
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OPERATIONS   AT   RIVER   STATIONS,  1897. 


Daily  gage  height,  in  feei,  of  Coosa  Bitw  at  Biversidey  Alabama,  for  1897, 


Day. 


1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

18 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

26 

27 

28 

29 

30 

31 


Jan. 

Feb. 

Mar. 

Apr. 

1.10 

2.00 

5.00 

4.30 

1.10 

2.50 

4.50 

4.45 

1.10 

5  35 

4.25 

5.20 

1.10 

7.35 

3.90 

7.00 

1.10 

7.70 

4.20 

8.60 

1.20 

7.90 

5.80 

9.50 

1.25 

9.00 

11.40 

10.50 

1.30 

7.70 

13.30 

11.15 

1.35 

6.40 

12.55 

12.16 

1.35 

5.90 

12.65 

11.90 

1.35 

5.20 

12.70 

10.70 

1.30 

7.35 

12.80 

9.10 

1.40 

8.30 

13.45 

7.30 

2.00 

8.20 

14.80 

6.05 

3.60 

7.50 

14.60 

5.60 

4.00 

6.60 

14.80 

5.30 

4.90 

5.70 

14.70 

5.60 

5.35 

5.00 

14.70 

5.40 

5.00 

4.50 

14.50 

5.00 

4.80 

4.00 

U.SO 

4.60 

6.50 

4.60 

14.90 

4.30 

7.00 

4.65 

14.70 

4.00 

7.35 

6.00 

14.50 

3.80 

7.00 

7.90 

13.70 

3.60 

5.40 

9.00 

12.20 

3.40 

4.70 

9.00 

10.60 

3.30 

3.80 

8.00 

8.50 

3.25 

3.00 

6.20 

6.50 

2.20 

2.70 

5.30 

3.10 

2.50 

4.90 

3.20 

2.20 

4.60 

May. 


3.40 
3.10 
3.05 
3.60 
3.20 
3.00 
3.80 
3.70 
2.65 
2.60 
2.50 
2.55 
2.65 
2.10 
3.90 
4.00 
4.00 
3.60 
3.20 
3.00 
2.70 
2.35 
2.30 
2.25 
2.25 
2.15 
2.05 
2.00 
2.00 
1.95 
1.90 


Jane. 


1.90 
1.90 
1.90 
1.85 
1.85 
1.80 
1.90 
2.15 
2.10 
1.90 
1.90 
2.00 
1.90 
1.85 
1.60 
1.70 
1.50 
1.60 
1.90 
2.00 
1.80 
1.70 
1.60 
1.55 
1.50 
1.45 
1.46 
1.40 
1.45 
1.46 


July. 


L45 
1.45 
1.40 
1.40 
1.45 
1.50 
1.50 
2.40 
2.30 
2.05 
2.50 
2.70 
2.50 
2.00 
1.80 
1.70 
1.80 
1.95 
2.00 
3.00 
5.20 
6.40 
8.00 
6.20 
4.50 
4.00 
3.00 
2.60 
2.50 
3.00 
2.60 


Ang. 


2.00 
1.80 
1.60 
1.50 
1.45 
1.40 
1.50 
1.50 
1.60 
1.70 
1.70 
2.00 
2.50 
2.30 
2.00 
1.80 
1.60 
1.50 
1.90 
2.60 
2.00 
1.70 
1.60 
1.70 
1.75 
1.60 
1.60 
1.50 
1.40 
1.35 
1.30 


Sept. 


1.20 

1.10 

1.30 

1.60 

1.30 

1.20 

1.10 

1.00 

.90 

.85 

.80 

.80 

.75 

.75 

.80 

.85 

.85 

.80 

.80 

.75 

.75 

.70 

.70 

.70 

.65 

.65 

.60 

.55 

.55 

.55 


Oct. 


0.50 
.50 
.50 
.50 
.45 
.45 
.45 
.45 
.45 
.45 
.40 
.40 
.45 
.45 
1.45 
1.65 
1.40 
1.35 
1.20 
1.00 
.90 
.85 
.80 
.70 
.80 
.75 
.60 
.65 
.80 
.75 
.70 


Nov. 


0.70 
.70 
.70 
.65 
.80 
1.05 
1.15 
1.10 
1.00 
.95 
.85 
.85 
.85 
.85 
.80 
.75 
.70 
.70 
.70 
.65 
.65 
.65 
.65 
.65 
.65 
.66 
.65 
.65 
.70 
.75 


Dec 


0.8D 
.90 

1.2U 
150 
3.00 
2.90 
2.40 
2.15 
2.00 
1.70 
1.80 

Leo 

2.00 

2.50 

3.00 

3.30' 

3.15 

2.65 

2.10 

2.20 

2.W 

420 

4.85 

4.15 

456 

8.85 

3.20 

195 

185 

150 


Daily  gage  height,  in  feet,  of  Cooaa  Biver  at  Lock  No,  4,  Alabanui,  for  1897, 


Day. 

Jan. 

Feb. 

Mar. 

Apr. 

May. 

June. 

July. 

Aug. 

Sept. 

Oct. 

Nov. 

Dec. 

1 

2 

8 

0.8 

.8 

.8 

1.0 

.9 

.9 

.9 

1.0 

1.2 

1.2 

1.0 

.0 

.8 

1.0 

2.3 

4.3 

5.7 

6.2 

6.0 

5.5 

7.6 

8.2 

8.7 

8.3 

6.5 

4.8 

3.9 

3.4 

2.9 

2.6 

2.4 

2.0 
2.8 
6.2 
8.8 
9.3 
9.7 
10.2 
9.2 
7.5 
6.7 
6.8 
8.6 
9.7 
9.7 
9.0 
8.0 
6.6 
5.0 
5.0 
4.5 
5.2 
5.8 
7.2 
9.5 
10.1 
10.2 
9.3 
7.5 

5.8 
4.9 
4.4 
4.4 

5.5 
6.5 
13.0 
14.8 
15.1 
14  5 
14  6 
15.0 
15.5 
15.9 
17.0 
16.8 
17.0 
17.0 
16.9 
17.9 
17.1 
16.9 
16.7 
15.6 
13.8 
11.8 
10.0 
7.5 
6.3 
5.6 
5.2 

6.1 

5.6 

7.6 

8.2 

9.9 

11.0 

12.0 

12.7 

13.8 

13.7 

12.3 

10.0 

8.5 

7.5 

6.7 

6.4 

6.4 

6.2 

6.0 

5.2 

4.8 

4  0 

42 

4.0 

3.8 

3.6 

3.6 

3.5 

3.4 

3.7 

3.4 
3.3 
8.9 
4.6 
3.4 
3.2 
3.0 
2.9 
2.8 
2.7 
2.6 
2.6 
3.0 
3.5 
4.5 
4.5 
4.7 
4  5 
3.6 
3.0 
2.7 
2.5 
2.4 
2.3 
2.2 
2.2 
2.1 
1.9 
1.9 
1.8 
1.8 

1.9 

1.9 

1.9 

2.1 

2.1 

2.4 

2.3 

2.0 

1.8 

1.7 

1.6 

1.7 

1.7 

1.6 

1.5 

1.4 

1.3 

1.4 

1.8 

2.4 

1.8 

1.5 

1.3 

1.3 

1.4 

1.2 

1.1 

1.1 

1.3 

1.3 

1.1 
1.1 
1.4 
1.3 
1.2 
1.3 
1.8 
2.5 
2.1 
2.4 
2.5 
3.0 
2.2 
2.2 
2.2 
1.6 
1.6 
1.9 
3.8 
5.5 
6.0 
7.5 
8.9 
7.4 
6.3 
3.9 
2.9 
2.4 
3.0 
2.9 
2.4 

1.9 
1.6 
1.5 
1.3 
1.2 
L4 
1.3 
1.2 
1.5 
2.0 
2.1 
2.1 
2.6 
2.1 
1.8 
1.5 
1.3 
1.5 
1.5 
2.0 
2.4 
1.6 
1.5 
1.4 
1.6 
1.6 
1.6 
1.3 
1.1 
1.0 
.9 

0.8 
.7 
.7 
.8 

1.0 
.8 
.7 
.6 
.5 
.4 
.4 
.4 
.4 
.4 
.4 
.3 
.3 
.3 
.3 
.3 
.2 
.2 

0.1 
.1 
.1 
.1 
.0 
.0 

—  .1 

—  .2 
-..2 

—  .2 
.0 
.0 
.0 
.0 

l.O 
1.6 
1.2 
.7 
.5 
.4 
.3 
.8 
.4 
.4 
.4 
.6 
.5 
.4 
.8 
.3 
.3 

0.3 
.4 
.3 
.8 
.3 
.9 
.9 
.8 
.7 
.6 
.5 
.4 
.4 
.4 
.4 
.4 
.3 
.3 
.3 
.3 
.3 
.3 
.3 
.3 
.3 
.3 
.3 
.3 
.4 
.4 

a4 

.« 

.9 

1.2 

1.6 

2.6 

"'il' 
\     3.1 
11 
10 
1.4 
LI 
L« 
1.8 

t\ 

3.1 

IS 
li 
11 
11 
48 
5.7 
5.7 
&3 
4.4 
17 
13 
10 
19 

4 

6 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

26 

27 

28 

29 

30 

31 

GULF   OF   MEXICO   WATERSHED. 
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Daily  gage  height,  infect,  of  Coosa  River  at  Look  No,  5,  Aldbatna,  for  1897, 


Daj. 

Jan. 

Feb. 

Mar. 

Apr. 

May. 

June. 

July. 

Aug. 

S«pt. 

Oct.     N<y 

V. 

Deo. 
—0.1 

1 

0.2 

0.9 

4.6 

2.9 

1.7 

0.7 

0.3 

0.8 

0.2 

—0 

.3         0. 

2 

.2 

1.2 

8.6 

3.2 

1.6 

.7 

.3 

.6 

.1 

.^ 

.3     —  . 

.1 

3 

.2 

8.1 

2.2 

4.5 

1.9 

.7 

.3 

.5 

.1 

___ 

.3     —  . 

.2 

4 

.2 

6.2 

2.9 

6.2 

2.0 

.8 

.5 

.6 

.4 

.^ 

.3     —  . 

.4 

6 

.2 

6.8 

8.1 

6.8 

1.9 

.8 

.4 

.4 

.4 

^«. 

.3     —  , 

.6 

6 

.2 

6.8 

3.7 

7.6 

1.6 

1.0 

.4 

.4 

.2 

— 

.3     +  . 

1.0 

7 

.2 

7.1 

9.4 

8.5 

1.4 

1.0 

.6 

.8 

.1 

— _ 

.3 

1.6 

8 

.8 

6.0 

11.1 

9.0 

1.3 

.8 

1.1 

.4 

.0 

.3 

1.5 

9 

.4 

4.7 

11.2 

10.0 

1.3 

.7 

.9 

.6 

.0 

...• 

.3 

1.4 

10 

.4 

4.0 

10.6 

9.9 

1.2 

.6 

.9 

.8 

—  .1 

^_ 

.8 

1.0 

11 

.8 

3.0 

10.8 

8.9 

1.1 

.6 

1.1 

.9 

—  .1 

— ^ 

.3 

.8 

12 

.8 

6.4 

11.2 

7.8 

1.1 

.6 

1.4 

.8 

—  .1 

__ 

.3 

.6 

13 

.2 

6.4 

12.2 

6.6 

1.3 

.6 

1.0 

1.1 

—  .1 

— - 

.3 

.5 

14 

.2 

6.4 

12.4 

4.4 

1.6 

.6 

.9 

.9 

—  .1 

_ 

.3     —  . 

2 

.7 

15 

.9 

6.8 

13.1 

4.0 

2.2 

.6 

.9 

.7 

—  .1 

+ 

.1     —  . 

2 

.8 

.9 

5.0 

13.0 

8.9 

2.3 

.5 

.7 

.6 

—  .1 

6     —  . 

2 

1.1 

17 

2.8 

8.0 

12.9 

3.8 

2.6 

.5 

.7 

.5 

—  .1 

.3     —  . 

2 

1.5 

3.5 

3.1 

12.7 

3.4 

2.3 

.5 

.7 

.6 

—  .2 

2     -  . 

2 

1.7 

19 

3.3 

2.6 

12.5 

3.0 

1.8 

.5 

1.6 

.9 

—  .3 

1 1     ~~'  • 

2 

1.2 

3.0 

2.8 

13.2 

2.6 

1.8 

1.0 

3.0 

1.3 

—  .3 

_ 

\     _  , 

2 

.9 

21 

4.4 

2.4 

12.8 

2.4 

1.2 

•    1 

3.3 

1.0 

—  .3 

— 

2 

.8 

22 

6.1 

2.6 

12.6 

2.3 

1.1 

•  w 

4.6 

.8 

.3 

—  , 

1     ~*~  • 

2 

.8 

23 

6.8 

4.1 

12.6 

2.2 

1.1 

•  V 

6.9 

.6 

—  .8 

_ 

^     — .  , 

2 

2.4 

24 

5.1 

6.0 

11.7 

2.0 

1.0 

•  V 

4.5 

.6 

—  .8 

+  . 

2 

3.5 

25 

8.8 

7.3 

10.8 

1.9 

.9 

•  % 

3.0 

.6 

—  .3 

1     —.  , 

2 

3.5 

26 

2.5 

7.8 

8.7 

1.8 

.9 

•  4 

2.0 

.6 

—  .3 

\     __  , 

2 

2.8 

27 

1.9 

6.1 

6.8 

1.7 

.8 

■  9 

1.4 

.5 

—  .3 

>  1     ~~  • 

2 

2.3 

28 

1.6 

6.1 

4.7 

1.7 

.7 

•  al 

1.0 

.4 

-.8 

1 

1.6 

29 

1.3 

8.7 

1.6 

.7 

•  4 

1.8 

.4 

—  .3 

__  , 

1     -^ 

1 

1.5 

1.2 

3.3 

1.7 

.7 

•    ai 

1.5 

.8 

—  .3 

^_ 

JL      .... 

»  •  « 

1.4 

•*1 

1.0 

3.0 

.7 

1.0 

.2 

— 

1  A       .... 

B   •    • 

1.2 
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OPERATIONS   AT   RIVER   STATIONS,  1897. 


WETUMPKA  STATION  ON  COOSA  BITBB. 


This  station  is  located  at  gage  I!^o.  1,  3  miles  above  Wetampka.  Ala- 
bama. The  vertical  rod  is  in  two  sections  of  2  by  8  timbers.  Bod  1  is 
attached  to  a  crib  on  right  bank  at  foot  of  old  sawmill  slide.  Bod  2  is 
attached  to  a  tree  on  right  bank  about  150  feet  apstream  from  rod  1. 
Zero  of  gage  is  172.40  teet  above  mean  low  tide  at  Mobile,  Alabamji. 
The  bench  mark  is  on  a  black  walnut  tree  on  right  bank  about  250  feet 
upstream  from  gage  rod  No.  2:  elevation,  213.88  feet,  Mobile  datum. 
It  was  established  November  5, 1880,  by  the  United  States  Engineer 
Corps,  who  have  maintained  daily  gage  readings  since  that  date.  A 
copy  of  these  readings  has  kindly  been  furnished  by  Capt.  Philip  M. 
Price,  U.  S.  A.,  and  are  on  file  in  this  office.  The  following  discharge 
measurements  were  made  by  Charles  Firth,  United  States  assistant 
engineer.  They  were  begun  in  December,  1890,  and  continued  through 
the  high  water  of  February  and  March,  1891 : 


MeMnre- 
ment. 

Gage 
height. 

Dis- 
charge. 

1 

Meannre- 
ment. 

Gaffe 
height. 

Dis- 
charge. 

Measare- 
meat. 

Gage 
height. 

Dili- 
charge. 

1 
8tc.fi. 

Ftet, 

See./t. 

Feet. 

Sec./t. 

Fett. 

No.  1.... 

2.2 

8,033 

No.  16... 

9.5 

38,116 

No.  31... 

18.6 

73,380 

2.... 

2.5 

8,598 

17... 

10.0 

38,414 

32... 

19.5 

79,011 

3.... 

3.2 

10, 126 

18... 

10.7 

47,530 

33... 

20.0 

85,549 

4.... 

4.7 

15,426 

19... 

10.8 

43,606 

34... 

21.0 

73,159 

5.... 

4.9 

16,569 

20... 

11.0 

46,347 

35... 

21.7 

85,794 

6.... 

5.5 

18,835 

21... 

11.2 

47,923 

36... 

22.0 

80,182 

7.... 

6.1 

21,750 

22... 

12.6 

53,690 

37... 

23.0 

84,688 

8.... 

6.2 

22,243 

23... 

13.2 

52,  IM 

38... 

23.4 

109,041 

9.... 

6.6 

25,198 

24... 

13.4 

58,414 

39... 

25.4 

93,876 

10.... 

6.7 

24,168 

25... 

13.8 

56,357 

40... 

25.4 

94,213 

11.... 

7.3 

26,638 

26... 

14.2 

65,439 

41... 

27.0 

103.255 

12.... 

7.7 

29,210 

27... 

15.0 

56,864 

42... 

27.3 

118, 407 

13.... 

8.2 

31,620 

28... 

16.5 

67,276 

43... 

28.5 

126,313 

14.... 

8.5 

32, 174 

29... 

17.2 

72,907 

15.... 

9.2 

36,722 

30... 

17.7 

1 

70,793 

A  rating  table  has  been  made  based  on  these  measnrements,  bat  it 
will  not  be  applied  to  the  gage  heights  for  1896  and  1897  until  itcau 
be  verified  by  future  discharge  measurements. 


GULP   OP   MEXICO  WATERSHED. 
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Daily  gage  height,  in  feet,  of  Coosa  Biver  at  Wetumpka,  Alabama,  for  1896, 


Day. 

Jan. 

3.2 
3.6 
3.7 
3.6 
3.4 
2.9 
1.5 
2.8 
2.8 
2.5 
2.2 
2.2 
2.4 
2.6 
2.2 
2.6 
4.0 
4.0 
3.8 
4.0 
3.9 
7.6 
11.6 
9.7 
9.4 
9.3 
9.1 
8.7 
7.6 
6.2 
6.2 

Feb. 

4.4 

4.0 

3.8 

8.6 

4.6 

7.3 

9.8 

12.2 

15.2 

15.1 

14.0 

12.2 

11.7 

9.9 

8.7 

7.4 

7.2 

6.9 

6.7 

5.6 

5.0 

4.5 

4.2 

3.4 

3.4 

3.4 

3.4 

8.4 

Mar. 

3.4 
3.4 
3.4 
3.2 
3.1 
3.0 
5.0 
4.9 

1 

2 

3 

4 

5 

6 

7 

8 

9 

4.2 

10 

4.0 

11 

4.4 

12 

13 

14 

6.1 
6.9 
6.7 
5.2 
5.8 
6.0 
4.8 
6.4 
7.3 
7.8 
7.5 
7.2 
7.0 
6.3 
6.6 
5.0 
4.7 
4.4 
4.0 
3.9 

15 

17 

19 

20 

21 

22 

23 

24 

26 

26 

27 

28 

29 

30 

31 

Apr. 

May. 

3.7 

4.8 

4.4 

4.0 

4.9 

5.3 

6.1 

4.1 

7.5 

5.0 

7.0 

3.6 

6.5 

3.6 

5.8 

3.3 

4.6 

3.0 

4.1 

2.5 

3.7 

2.4 

3.5 

2.1 

3.3 

2.0 

3.3 

1.8 

3.1 

2.9 

3.0 

2.3 

2.0 

1.8 

2.7 

1.5 

2.4 

1.5 

2.4 

1.6 

2.4 

1.5 

2.3 

1.5 

2.2 

1.5 

2.0 

1.5 

2.1 

1.4 

2.2 

1.4 

2.2 

1.4 

2.6 

1.4 

3.0 

3.6 

4.3 

2.6 

1.8 

June. 


1.6 
1.5 
1.8 
2.2 
2.0 
1.8 
2.2 
2.0 
2.5 
3.5 
3.4 
3.0 
2.5 
2.0 
1.6 
1.6 
1.6 
1.5 
1.5 
1.8 
1.5 
2.0 
2.0 
1.8 
1.6 
1.4 
1.4 
1.1 
1.0 
1.0 


July. 

Aug. 

1.0 

1.2 

.9 

1.2 

.8 

1.2 

.8 

1.0 

.9 

1.2 

1.0 

1.4 

1.3 

1.4 

1.6 

1.3 

1.7 

1.2 

4.3 

1.0 

5.2 

.8 

6.2 

.8 

5.9 

.6 

4.4 

.6 

8.8 

.6 

3.0 

.5 

8.7 

.6 

3.6 

.7 

3.0 

.6 

2.7 

.5 

3.4 

.5 

3.1 

.4 

3.4 

.4 

2.7 

.4 

2.1 

.8 

1.9 

.6 

1.8 

.5 

1.8 

.4 

1.8 

.4 

1.6 

.4 

1.4 

.6 

Sept. 


0.8 
.6 
.5 
.5 
.4 
.3 
.2 
.0 
.0 
.0 
.0 
.0 

— .1 
— .1 

— .1 

—.2 

—.2 

—.2 

—.2 

—.2 

—.3 

—.3 

1.9 

1.4 

.5 

.2 

.0 

.0 

— .1 

— .1 


Oct. 

Nov. 

Deo. 

—0.1 

0.4 

1.2 

—.2 

.2 

1.0 

—.3 

.4 

2.9 

2.4 

.0 

3.5 

2.1 

1.0 

4.1 

2.0 

1.2 

3.3 

1.4 

.5 

2.6 

.8 

.5 

2.1 

.5 

.4 

2.0 

.2 

2.2 

2.0 

.1 

1.7 

1.8 

.1 

1.0 

1.6 

.0 

4.0 

1.4 

.0 

2.6 

1.4 

.0 

2.6 

1.6 

.0 

2.6 

1.7 

.1 

3.9 

1.5 

.0 

4.5 

1.3 

.0 

3.6 

1.2 

.0 

3.0 

1.4 

.0 

2.0 

1.4 

.0 

1.8 

1.4 

.1 

1.2 

1.3 

.3 

l.l 

1.2 

.2 

1.0 

1.1 

.1 

.0 

1.1 

.0 

.8 

1.0 

.0 

.8 

.0 

.2 

1.0 

.9 

.1 

1.0 

.9 

.3 

.8 

Daily  gage  height,  in  feet,  of  Coosa  Siver  at  Wetumpka,  Alabama,  for  1897 


1 

2 

3. 

4 

5 

6 

7. 

8 

9 
10 
11 
12.... 
13.... 
14.... 
15.... 
16.... 
17.... 
18.... 
19.... 
20.... 
21.... 
22.... 
23.... 
24.... 
25.... 
28.... 
27.... 
28.... 
29.... 
30.... 
31.... 


.9 

.9 

.9 

.9 

.9 

1.7 

4.9 

5.4 

5.4 

8.1 

7.3 

7.3 

7.2 

6.2 

5.6 

4.1 

3.5 

3.0 

2.7 

2.5 


Feb. 

Mar. 

Apr. 

May. 

2.4 

6.0 

5.8 

4.2 

2.4 

5.5 

6.8 

3.6 

4.5 

5.5 

7.0 

3.6 

6.0 

5.2 

6.8 

3.6 

7.2 

4.7 

7.0 

3.5 

7.9 

7.9 

9.3 

3.4 

8.6 

13.8 

10.0 

3.4 

0.1 

16.7 

10.3 

3.0 

7.9 

18.1 

11.5 

2.8 

6.8 

16.3 

12.7 

2.8 

6.3 

15.7 

12.8 

2.6 

9.3 

14.9 

10.8 

2.5 

9.0 

17.8 

9.0 

2.5 

9.6 

21.4 

7.9 

2.8 

7.3 

21.9 

6.7 

3.0 

6.9 

21.9 

7.0 

6.6 

6.2 

20.7 

0.3 

6.9 

5.9 

19.1 

5.8 

6.9 

5.3 

18.7 

5.4 

6.8 

5.8 

17.4 

5.0 

6.0 

5.0 

19.3 

4.6 

5.3 

4.7 

18.4 

4.5 

4.6 

6.2 

20.7 

4.0 

2.0 

7.3 

19.4 

4.0 

2.0 

8.6 

18.7 

4.0 

1.8 

8.6 

17.5 

8.8 

1.8 

8.2 

15.3 

8.6 

1.8 

7.0 

10.7 

8.4 

1.7 

7.0 

3.4 

1.7 

6.5 

3.7 

1.7 

6.5 

1.7 

Juno. 


1.7 
1.7 
1.6 
1.6 
1.6 
1.7 
1.7 
1.6 
1.6 
1.6 
1.5 
1.5 
1.4 
1.4 
1.2 
1.2 
1.0 
1.4 
1.2 
1.7 
1.8 
2.0 
1.8 
1.6 
1.4 
1.2 
1.0 
1.0 
.8 
.8 


July. 

Aug. 

Sept. 

Oct. 

0.8 

1.6 

1.0 

0.2 

.9 

1.5 

.7 

.2 

1.1 

1.4 

.7 

.2 

1.8 

1.4 

.9 

.2 

1.5 

1.4 

.8 

.2 

1.6 

1.4 

.8 

.2 

1.7 

1.4 

.8 

.3 

2.0 

1.4 

.8 

.3 

2.1 

1.6 

.7 

.3 

2.4 

1.8 

.7 

.4 

2.2 

1.0 

.7 

.4 

2.0 

2.0 

.5 

.4 

1.8 

2.0 

.5 

.4 

1.8 

2.2 

.4 

.4 

1.8 

1.8 

.3 

1.0 

1.8 

1.8 

.3 

1.0 

1.7 

2.0 

.3 

1.2 

1.8 

2.3 

.3 

1.0 

2.0 

2.6 

.2 

.6 

2.4 

2.9 

.2 

.4 

4.0 

3.0 

.2 

.4 

4.8 

3.6 

.2 

.2 

6.0 

3.0 

.2 

.0 

7.1 

2.4 

.1 

.0 

5.6 

1.8 

.1 

.0 

4.6 

1.4 

.1 

.2 

3.7 

1.4 

.0 

.2 

2.9 

1.4 

.0 

.4 

2.2 

1.3 

—.1 

.4 

1.8 

1.3 

—.1 

.3 

1.6 

1.1 

.3 

Nov. 


0.3 
.3 


Dec. 


.5 
.3 
.2 
.1 
.0 
.0 
.2 
.2 
.2 
.3 
.3 
.2 
.2 
.3 
.3 
.3 
.3 
.3 
.2 
.2 
.2 


0.2 
.3 
.4 
.8 
1.9 
2.0 
2.3 
2.5 
2.7 
2.6 
2.6 
2.7 
3.1 
3.5 
3.8 
3.6 
3.0 
2.6 
2.5 
2.3 
2.0 
2.0 
2.4 
2.9 
4.1 
4.9 
4.0 
4.  L 
4.0 
3.7 
3.4 
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OPERATIONS  AT  RIVER  STATIONS,  1897. 


MILSTEAD  STATION  ON  TALLAPOOSA  RIVER. 

This  station  is  located  on  the  bridge  of  the  Tallassee  and  Mont- 
gomery Eaikoad,  about  one-quarter  of  a  mile  from  Milstead,  Alabama. 
The  bridge  is  of  iron,  two  spans  of  about  155  feet  each,  with  short 
wood  trestles  at  each  end.  The  banks  are  high  and  overflow  only  at 
very  high  stages.  The  initial  point  for  measurement  is  the  end  of  iron 
bridge,  left  bank  downstream  side.  The  rod  of  wire  gage  is  fastened 
to  outside  of  guard  rail  on  downstream  side  of  bridge.  Its  zero  is  45 
feet  from  initial  point  and  is  5  feet  from  center  of  pulley.  The  bench 
mark  is  top  of  second  crossbeam  from  left  bank  pier,  downstream  end, 
and  is  60.00  feet  above  datum.  Center  of  pulley  is  60.G0  feet  above 
datum.    The  observer  is  Seth  Johnson. 

The  following  discharge  measurements  were  made  during  1897  by 
Max  nail : 

May  3y  gage  height,  6.20  feet;  diBoharge,  7,333  second-feet. 
July  15,  gage  height,  1.95  feet;  discharge,  1,692  second-feet. 
August  7,  gage  height,  2.42  feet ;  discharge,  2,292  seoond-feet. 
September  4,  gage  height,  1.60  feet;  discharge,  1,271  second-feet. 
Kovember  23,  gage  height,  1.20  feet;  discharge,  677  second-feet. 
December  16,  gage  height,  3.58  feet;  discharge,  4,210  second-feet. 

Daily  gage  heightf  in  feet,  of  Tallapooia  River  at  MiUteadf  Alabama,  from  August  to 

December,  1897, 


Day. 

Aug. 

Sept. 

1.70 
1.80 
1.60 
l.CO 
1.60 
1.40 
1.40 
1.30 
1.20 
1.20 
1.10 
1.10 
1.10 
1.10 
1.40 
1.20 

Oct. 

Nov. 

0.90 
1.00 
I.IO 
1.10 
1.10 
1.10 
1.10 
1.10 
1.20 
1.20 
1.30 
1.30 
1.30 
1.80 
1.20 
1.20 

Dec. 

Day. 

Aug. 

Siept. 

Oct. 

Nov, 

Dec. 

1 

0.80 
.80 
.80 
.70 
.70 
.70 
.70 
.60 
.70 
.70 
.70 
.70 
.70 
.80 
.80 
.80 

1.50 
1.50 
1.50 
1.G0 
1.80 
2.00 
2.10 
2.00 
1.90 
1.90 
1.90 
2.00 
1.90 
5.50 
4.70 
8.60 

17 

1.90 
2.20 
2.80 
9.70 
7.40 
8.50 
5.30 
3.40 
2.90 
2.80 
2.30 
2.00 
1.80 
1.70 
1.70 

1.10 

1.00 

1.10 

1.10 

1.10 

l.CO 

1.00 

1.00 

1.00 

1. 00 

1.00 

.90 

.90 

.80 

0.80 
.90 
.90 
.90 
.80 
.80 
.90 
.90 
.80 
.90 
.90 
.90 
.00 
.90 
.90 

1.20 
1.20 
1.20 
1.10 
1.20 
1.10 
1.10 
1.20 
1.20 
1.20 
1.20 
1.60 
1.50 
1.50 

2.80 
2.40 
2.10 
2.00 
1.90 
2.00 
2.40 
2.40 
2.40 
2.80 
2.00 
2.50 
2.30 
2.20 
2.40 

2 

18 

3 

19 

4 

20 

5 

21 

6 

22 

7 

2.45 
1.90 
1.70 
1.50 
1.50 
2.70 
2.20 
2.00 
1.80 
1.60 

23 

8 

24 

0 

25 

10 

26 

11 

27 

12 

28 

13 

29 

u 

30 

15 

31 

16 
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TTJSOALOOSA  STATION  ON  BLAOE  WABBIOB  BIYEB. 

This  Station,  as  described  in  the  Eighteenth  Annual  Beport,  Part  lY, 
)age  103,  is  located  about  three-foorths  of  a  mile  from  the  business 
senter  of  Tuscaloosa,  Alabama,  and  is  reached  by  passing  down  Bridge 
street  to  the  river,  thence  down  the  east  bank  1,800  feet  to  the  gage, 
¥hich  consists  of  an  inclined  timber,  2  by  6  inches,  supported  on  posts 
ind  graduated  by  means  of  notches  placed  1  foot  vertically  apart. 
Che  observer  is  W.  8.  Wyman,  jr.,  Tuscaloosa,  Alabama.  The  bench 
narks  are  fixed,  one  on  a  willow  10  feet  west  of  gage,  97.84  feet  above 
tfobile  datum,  the  other  on  a  small  hackberry  30  feet  south  of  the  upper 
md  of  the  gage  and  139.36  feet  above  Mobile  datum.  Zero  of  gage 
8  87.30  feet  above  same  datum.  The  current  here  is  rather  sluggish, 
3eing  almost  imperceptible  at  low  stages.  Both  banks  are  of  earth 
ind  subject  to  overflow.  The  bed  of  the  stream  is  composed  of  sand 
wd  gravel.      The  following  discharge  measurement  was  made  by 

B.M.Hall  in  1897: 

Jaoaary  12,  gage  height,  1.70  feet;  discharge,  829  second-feet. 

Daily  gage  heighty  infeeij  of  Black  Warrior  River  at  Tuscalooaay  Alabama^  for  1897. 


Day. 


1 
2 
3 

4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 


Jan. 


0.34 

.47 

.40 

.00 

1.24 

1.11 

1.40 

2.60 

2.66 

2.30 

2.03 

1.76 

1.52 

1.33 

1.23 

8.23 

9.70 

13.10 

19.  .35 

18.70 

17.43 

18.64 

16.52 

13.30 

10.60 

8.60 

7.20 

6.00 

5.10 

4.42 

8.80 


Feb. 


8.90 
6.00 
11.50 
12.60 
11.70 
12.37 
16.21 
18.70 
21.04 
19.80 
17.90 
23.12 
25.90 
23.84 
20.30 
16.06 
14.04 
11.72 
9.97 
8.77 
8.08 
8.32 
11.00 
20.20 
21.24 
18.97 
16.18 
18.81 


Mar. 


11.14 
9.57 
8.58 
8.72 
10.14 
16.33 
51.42 
54.77 
51.59 
44.69 
40.54 
42.53 
48.70 
50.96 
48.57 
45.20 
47.21 
46.72 
42.90 
42.57 
44.54 
41.50 
37.70 
35.66 
32.40 
28.86 
25.60 
23.15 
20.33 
17.52 
14.08 


Apr. 


13.90 

15.28 

22.20 

21.11 

22.00 

26.95 

25.32 

22.10 

21.30 

29.27 

29.57 

25.48 

21.60 

18.10 

16.32 

18.43 

18.33 

1.'>.92 

13.66 

11.86 

10.45 

9.24 

8.15 

7.37 

6.80 

6.37 

5.90 

5.49 

5.10 

5.90 


May. 

Jane. 

July. 

Ang. 

9.51 

1.83 

—0.15 

1.36 

9.95 

1.75 

-  .18 

1.08 

9.22 

1.70 

—  .20 

.87 

7.66 

2.01 

-  .18 

.62 

6.23 

1.98 

—  .05 

.50 

5.36 

2.65 

1.63 

.40 

4.67 

3.44 

3.40 

.25 

4.20 

2.87 

3.90 

.24 

3.87 

2.25 

3.71 

1.10 

3.50 

1.85 

3.05 

2.10 

3.20 

1.60 

2.53 

3.26 

3.61 

1.39 

2.42 

3.22 

11.40 

1.24 

2.16 

2.73 

20.36 

1.11 

1.86 

2.27 

20.46 

.95 

1.46 

1.63 

16.50 

.85 

1.16 

1.28 

12.68 

.75 

.97 

1.00 

9.77 

.63 

1.50 

.73 

7.73 

1.30 

3.50 

.52 

6.35 

1.45 

12.50 

1.53 

6.37 

1.11 

14.50 

1.78 

4.66 

.80 

11.80 

1.58 

4.13 

.55 

8.42 

1.33 

8.70 

.33 

6.64 

1.08 

3.45 

.23 

4.77 

1.27 

3.13 

.16 

3.46 

.97 

2.00 

.12 

2.72 

.80 

2.60 

.03 

2.92 

.61 

2.28 

.00 

2.15 

.54 

2.09 

.08 

1.80 

.46 

2.00 

1.62 

.31 

Sept.  I   Oct. 


0.60 
.96 

1.02 
.92 
.76 
.62 
.51 
.47 
.42 
.36 
.20 
.23 
.14 
.11 
.10 
.06 
.01 

-  .05 

-  .36 

-  .75 

-  .95 
-1.07 
-1.17 
-1.26 
-1.24 
-1.36 
-1.41 
-1.44 
-1.50 
-1.55 


1.65 
1.71 
1.72 
1.75 
—1.70 
—1.86 
—1.79 
—1.85 
—1.88 
—1.00 
—1.90 
—1.88 
—1.89 
—1.92 
—1.92 
—1.92 
—1. 00 
—1.90 
—1.90 
—1.88 
—1.88 
—1.77 
—1.64 
—1.58 
—1,63 
—1.63 
—1.61 
—1.64 
— l.fil 
—1.03 
—1.03 


Nov. 


-1.39 
-1.30 
-1.29 
-1.31 
-1.33 
-1.28 

1.27 
-1.27 

1.17 
-1.13 
-1.10 

1.14 
-1.17 
-1.25 
-1.25 
-1.27 
-1,33 
-1.35 
-1.36 
-1.36 
-1.36 
-1. 37 
-1.42 
-1.44 
-1.40 
-1.36 
-1.36 
-1.28 
-1.22 
-1.21 


Dec. 


-1.28 

—1.12 

—  .48 

-1-1.20 

1.3. 10 

14.24 

10.72 

7.30 

5.12 

3.72 

3.05 

2.70 

2.56 

3.05 

3.51 

4 

4. 

3 

3 

3 


12 
10 
78 
50 
82 


6.70 
19.58 
31.00 
29.96 
24.08 
18.97 
15.67 
13.10 
11.00 
9.38 
8.00 
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OPERATIONS   AT   RIVER   STATIONS,  1897. 


ALDERSON  STATION  ON  OREENBRIBR  RIVER. 

This  station  is  described  in  the  Eighteenth  Annual  Report,  Part  IV, 
page  111.  It  is  located  one-half  mile  above  the  mouth  of  Muddy  Creek, 
on  the  county  bridge  at  Alderson,  West  Virginia.  The  wire  gage  is 
in  the  third  panel  of  the  second  span,  lower  side.  The  distance  from 
the  end  of  the  weight  to  the  marker  is  28.37  feet.  The  distance  from  the 
zero  of  the  gage  to  the  top  of  the  lower  end  of  the  third  floor  beam, 
second  span,  from  the  left  bank,  is  22.47  feet.  Bench  marks:  Upper 
end  of  coping  of  the  first  pier  from  left  bank  21.75  feet  above  the  zero  of 
the  gage;  upper  end  of  the  bridge  seat  of  the  left  bank  abutment  21.61 
feet  above  the  zero  of  the  gage;  stone  foundation  of  the  water  tank  of 
the  Chesapeake  and  Ohio  Eailway  23.48  feet  above  the  zero  of  the 
gage.  The  observer  is  W.  J.  Hancock,  clerk  in  the  store  of  George 
Graves.  The  following  measurements  of  discharge  were  made  by 
Prof.  D.  0.  Humphreys  and  F.  H.  Anschutz  in  1897 : 

March  30,  gage  height,  2.75  feet;  discharge,  1,639  second-feet. 
May  3,  gage  height,  4.88  feet;  discharge,  6,181  second-feet. 
May  4,  gage  height,  4.29  feet;  discbarge,  4,963  second-feet. 
May  4,  gage  height,  4.38  foet;  discharge,  5,450  second  feet. 
May  6,  gage  height,  3.56  feet;  discharge,  3,158  second-feet. 
May  13,  gage  height,  12.30  feet ;  discharge,  32,563  second-feet. 
May  14,  gage  height,  12.33  feet;  discharge,  33,034  second-feet. 
May  14,  gage  height,  9.53  feet;  discharge,  20,722  second-feet. 
May  31,  gage  height,  2.26  feet;  discharge,  681  second  feet. 
October  12,  gage  height,  1.42  feet;  discharge,  71  second-feet. 

Daily  gage  height,  in  feet,  of  Greenbrier  Eiverat  Alderson,  West  Virginia,  for  1897. 


Day. 

Jan. 

Feb. 

Mar. 

3.C5 
2.90 
2.80 
2.75 
3.13 
3.15 
3.42 
3.80 
3.50 
3.60 
4.85 
4.52 
4.65 
4.40 
6.10 
5.12 
4.10 
3.80 
6.00 
6.75 
6.15 
4.16 
3.95 
3.55 
3.45 
3.25 
3.07 
2.95 
2.88 
2.82 
2.80 

Apr. 

2.77 
2.75 
2.67 
2.63 
2.78 
4.83 
4.18 
3.65 
3.50 
4.78 
4.50 
4.00 
3.60 
3.20 
3.05 
3.00 
2.95 
2.95 
2.82 
2.75 
2.68 
2.58 
2.60 
2.45 
2.35 
2.35 
2.85 
2.28 
2.25 
2.20 

May. 

June. 

July. 

Aug. 

Sept. 

Oct. 

1.43 
1.38 
1.40 
1.40 
1.45 
1.44 
1.41 
1.40 
1.40 
1.88 
1.86 
1.40 
1.41 
1.42 
1.43 
1.43 
1.43 
1.87 
1.52 
1.50 
1.52 
1.53 
1.60 
1.50 
1.60 
1.54 
1.52 
1.52 
1.62 
1.48 
1.46 

Nov. 

1.40 
1.52 
1.48 
1.58 
1.55 
1.60 
1.00 
1.66 
1.62 
1.60 
1.60 
1.60 
1.00 
1.63 
1.75 
1.72 
1.74 
1.68 
1.66 
1.67 
1.65 
1.07 
1.67 

i.eo 

1.60 
1.57 
1.55 
1.55 
1.78 
2.07 

Deo. 

2.00 
1.90 
1.85 
1.85 
2.30 
8.26 
3.17 
2.68 
2.43 
2.25 
2.05 
2.05 
1.98 
1.95 
1.97 
2.87 
3.07 
2.77 
2.60 
2.55 
2.68 
4.30 
3.83 
8.20 
2.85 
2.50 
2.35 
2.43 
2.25 
2.15 
2.15 

1 

2 

2.00 
1.05 
1.98 
2.00 
2.10 
2.85 
2.80 
2.45 
2.35 
2.35 
2.35 
2.20 
2.05 
2.00 
1.95 
2.20 
2.20 
2.20 
2.60 
2.65 
2.55 
2.55 
2.60 
2.60 
2.45 
2.50 
2.42 
2.35 
2.25 
2.20 
2.20 

2.22 
2.21 
2.20 
2.05 
2.02 
4.04 
6.62 
5.20 
4.20 
3.55 
8.43 
4.08 
5.40 
6.07 
6.00 
6.10 
5.10 
4.45 
4.48 
4.38 
4.85 
10.08 
16.03 
9.23 
6.80 
4.55 
8.80 
S.35 

2.18 
3.44 
4.80 
4.44 
3.90 
3.60 
3.52 
3.25 
8.03 
2.92 
2.83 
3.16 
8.26 
12.20 
6.01 
4.75 
4.05 
8.55 
8.25 
8.05 
2.90 
2.80 
2.68 
2.68 
2.60 
2.50 
2.42 
2.33 
2.28 
2.28 
2.25 

2.55 
2.65 
2.45 
2.36 
2.50 
2.47 
2.40 
2.28 
2.26 
2.30 
2.23 
2.17 
2.20 
2.23 
2.20 
2.98 
2.65 
2.65 
2.45 
2.90 
2.95 
2.80 
2.65 
2.50 
2.45 
2.48 
2.20 
2.13 
2.05 
2.00 

2.03 
3.40 
4.30 
3.40 
2.87 
3.40 
3.35 
3.2b 
2.93 
2.75 
2.45 
2.70 
2.60 
2.38 
2.28 
2.17 
2.08 
2.00 
2.10 
2.15 
2.84 
4.85 
4.66 
4.00 
4.05 
3.28 
3.46 
3.40 
2.65 
2.67 
2.48 

2.35 
2.25 
2.45 
2.45 
2.34 
2.30 
2.18 
2.15 
2.05 
2.00 
2.00 
1.97 
1.91 
1.85 
1.83 
1.83 
1.80 
1.78 
1.75 
1.72 
1.70 
1.67 
1.67 
1.80 
1.73 
1.77 
1.68 
1.68 
1.70 
1.66 
1.64 

1.62 
1.68 
1.58 
1.65 
1.50 
1.50 
1.53 
l.iiO 
1.48 
1.60 
1.40 
1.48 
1.44 
1.44 
1.43 
1.42 
1.40 
1.40 
1.38 
1.38 
1.40 
1.40 
1.37 
1.3Y 
1.38 
1.40 
1.35 
1.40 
1.40 
1.40 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

u 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

26 

27 

28 

29 

30 

81 

DRAINAGE   BASIN   OF   THE    OHIO    RIVER. 
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FAYETTE  STATION  ON  NEW  RIVER. 

This  station,  described  in  the  Eighteenth  Annnal  Report,  Part  lY, 
page  113,  is  located  just  below  the  mouth  of  Wolf  Greek  on  a  highway 
bridge  of  one  span,  at  Fayette,  West  Virginia.  The  wire  gage  is 
located  on  the  guard  rail,  on  the  upper  side  of  the  bridge  about  the 
middle  of  the  span,  and  the  graduation  is  to  feet  and  tenths.  Bench 
marks:  The  top  of  the  bottom  plate  of  the  lower  x)late  girder,  at  the 
end  of  the  first  panel  from  the  left  bank,  lower  side,  is  55.13  feet  above 
the  zero  of  the  gage;  top  of  lower  end  of  coping  on  the  main  pier, 
right  bank,  lower  side,  52.13  feet  above  the  zero  of  the  gage;  bridge 
seat,  on  the  right  bank,  lower  side,  54.58  feet  above  the  zero  of  the  gage; 
west  corner  of  abutment  stone,  by  Chesapeake  and  Ohio  Eailway  sta- 
tion, 58.62  feet  above  the  zero  of  the  gage.  The  observer  is  M.  W. 
Brellahan,  agent  Chesapeake  and  Ohio  Railway.  The  following  dis- 
charge measurements  were  made  by  Prof.  D.  C.  Humphreys  and  F.  H. 
Anschutz  in  1897 : 

March  31,  gage  height,  5.50  feet;  discharge,  9,587  second-feot. 
May  5,  gage  height,  8.50  feet ;  discharge,  15,931  second- feet. 
May  15,  gage  height,  13.98  feet;  discharge,  35,195  second- feet. 
May  31,  gage  height,  3.70  feet;  discharge,  5,145  second-feet. 
October  12,  gage  height,  — 0.18  foot;  discharge,  1,136  second-feet. 
November  5,  gage  height,  1.72  feet;  discharge,  2,616  second- feet. 

Daily  gage  height,  in  feet,  of  New  Biver  at  Fayette,  West  Virginia,  for  1897. 


Day. 


I 
2 
3 

4 
6 

e 

7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
10 
20 
21 
22 
23 
24 
25 
28 
27 
28 
20 
30 
81 


Jan. 


2.80 
2.30 
3.00 
3.80 
3.80 
3.20 
3.50 
4.00 
3.50 
3.35 
3.00 
2.00 
2.35 
2.05 
2.30 
2.10 
2.45 
2.75 
8.00 
3.45 
4.00 
4.50 
4.70 
4.00 
3.80 
2.00 
2.30 
1.95 
1.80 
1.35 
1.60 


Fob. 


1.00 

2.05 

2.20 

3.05 

4.30 

6.50 

18.72 

14.10 

8.80 

8.03 

8.40 

0.20 

13.70 

14.70 

14.00 

13.25 

10.10 

9.00 

9.00 

0.25 

20.10 

26.12 

27.55 

23.18 

18.30 

11.55 

8.15 

7.80 


Mar. 


7.20 

8.65 

0.35 

8.05 

8.15 

8.50 

7.25 

7.40 

7.70 

12.05 

10.00 

11.70 

14.00 

15.20 

17.40 

16.80 

15.70 

13.00 

14.10 

12.30 

11.40 

10.30 

9.60 

0.20 

8.70 

8.25 

7.00 

6.70 

6.65 

6.40 

6.25 


Apr. 

May. 

6.00 

4.30 

5.50 

4.30 

5.05 

7.80 

5.00 

9.52 

8.05 

0.25 

7.10 

7.48 

9.80 

6.50 

11.10 

6.20 

7.80 

5.25 

8.10 

5.15 

9.75 

4.75 

8.50 

5.95 

8.00 

8.12 

7.15 

20.58 

8.45 

16.10 

6.10 
8.30 
8.05 
5.80 
5.45 
5.15 
4.85 
4.50 
4.20 
4.10 
4.00 
3.85 
3.70 
3.80 
3.50 


11.00 
8.20 
7.60 
6.56 
5.70 
5.35 
5.00 
4.65 
4.10 
4.00 
8.85 
3.30 
3.30 
3.90 
3.78 
8.70 


Jane. 

Jnly. 
2.25 

Ang. 

Sept. 

Oct. 

0.10 

3.25 

4.07 

1.20 

3.  GO 

3.15 

3.25 

1.10 

.05 

3.65 

3.55 

2.85 

1.05 

.05 

3.50 

4.52 

2.40 

.95 

.01 

3.33 

4.50 

2.50 

.90 

.00 

3.30 

4.10 

2.90 

.65 

.00 

4.70 

3.73 

2.80 

.50 

.05 

5.00 

4.75 

2.75 

.45 

.10 

5.95 

8.80 

4.80 

.40 

.10 

6.55 

3.50 

4.05 

.35 

.05 

6.22 

3.45 

3.00 

.35 

.00 

5.25 

3.85 

2.50 

.20 

.00 

5.00 

3.50 

2.25 

.00 

.00 

4.60 

3.05 

2.10 

.95 

5.50 

3.55 

2.40 

2.00 

.80 

2.95 

3.40 

1.90 

1.80 

.75 

1.85 

3.80 

2.00 

1.30 

.90 

1.05 

3.50 

2.25 

1.25 

.90 

.90 

3.10 

2.25 

1.35 

.90 

.70 

4.40 

2.45 

1.40 

.50 

.60 

4.85 

2.90 

1.80 

.50 

.45 

5.25 

5.50 

1.90 

.50 

.50 

5.38 

8.10 

1.85 

.00 

4.05 

3.95 

11.48 

1.75 

.50 

2.35 

3.40 

10.00 

1.75 

.50 

1.50 

3.25 

9.50 

1.85 

.85 

1.10 

3.08 

8.20 

1.80 

.75 

1.05 

2.57 

7.85 

1.90 

.80 

.95 

2.38 

8.70 

1.90 

.60 

.90 

2.35 

5.80 

1.00 

.30 

.80 

4.25 

1.35 

1.10 

1.40 

1.55 

1.80 

1.90 

1.75 

2.00 

2.40 

1.50 

1.30 

1.25 

1.20 

1.00 

.80 

.70 

.70 

.70 

.60 

.55 

.46 

.40 

.40 

.35 

.20 

.10 

.15 

.25 

.00 

.05 

.20 

.20 


0.40 
.45 
1.15 
1.25 
1.25 
1.05 
1.10 
3.75 
3.00 
2.05 
1.85 
1.20 
1.15 
1.30 
1.80 
1.70 
1.75 
3.50 
3.40 
3.20 
3.00 
3.40 
5.25 
3.85 
3.10 
3.10 
2.40 
2.40 
1.00 
2.10 
2.00 
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OPERATIONS   AT   RIVER   STATIONS,  1897. 


ALDERSON  STATION  ON  aREENBBIER  BIYEB. 

This  station  is  described  in  the  Eighteenth  Annual  Report,  Part  lY, 
page  111.  It  is  located  one-half  mile  above  the  mouth  of  Muddy  Greek, 
on  the  county  bridge  at  Alderson,  West  Virginia.  The  wire  gage  is 
in  the  third  panel  of  the  second  span,  lower  side.  The  distance  from 
the  end  of  the  weight  to  the  marker  is  28.37  feet.  The  distance  from  the 
zero  of  the  gage  to  the  top  of  the  lower  end  of  the  third  floor  beam, 
second  span,  from  the  left  bank,  is  22.47  feet.  Bench  marks:  Upper 
end  of  coping  of  the  first  pier  from  left  bank  21.75  feet  above  the  zero  of 
the  gage ;  upper  end  of  the  bridge  seat  of  the  lefb  bank  abutment  21.61 
feet  above  the  zero  of  the  gage;  stone  foundation  of  the  water  tank  of 
the  Ohesai)eake  and  Ohio  Eailway  23.48  feet  above  the  zero  of  the 
gage.  The  observer  is  W.  J.  Hancock,  clerk  in  the  store  of  George 
Graves.  The  following  measurements  of  discharge  were  made  hy 
Prof.  D.  0.  Humphreys  and  F.  H.  Anschutz  in  1897 : 

March  30,  gago  height^  2.75  feet;  disoharge,  1,639  Becond-feet. 
May  Sf  gage  height,  4.88  feet;  discharge,  6,181  second-feet. 
May  4,  gago  height,  4.29  feet;  discharge,  4,963  secood-feet. 
May  4,  gage  height,  4.38  foet;  discharge,  5,450  seoond  feet. 
May  6,  giige  height,  3.56  feet;  discharge,  3,158  second-feet. 
May  13,  gage  height,  12.30  feet;  discharge,  32,563  second- feet. 
May  14,  gage  height,  12.33  feet;  discharge,  33,034  second- feet. 
May  14,  gage  height,  9.53  feet;  dischiEirge,  20,722  second-feet. 
May  31,  gage  height,  2.26  feet;  discharge,  681  second  feet. 
October  12,  gage  height,  1.42  feet;  discharge,  71  second-feet. 

Daily  gage  heightf  in  feet,  of  Greenbrier  Biverai  Aldereon,  West  Virginia,  for  18S7. 


Day. 

Jan. 

Feb. 

Mar. 

3.C6 
2.90 
2.80 
2.75 
3.13 
3.15 
3.42 
3.80 
3.50 
3.60 
4.85 
4.52 
4.65 
4.40 
6.10 
5.12 
4.10 
3.80 
6.00 
6,75 
6.15 
4.15 
3.95 
3.55 
3.45 
3.25 
3.07 
2.95 
2.88 
2.82 
2.80 

Apr. 

2.77 
2.75 
2.67 
2.63 
2.78 
4.83 
4.18 
3.65 
3.50 
4.78 
4.50 
4.00 
3.50 
3.20 
3.05 
3.00 
2.95 
2.95 
2.82 
2.75 
2.68 
2.58 
2.50 
2.45 
2.35 
2.35 
2.85 
2.28 
2.25 
2.20 

May. 

June. 

July. 

Aug. 

2.35 
2.25 
2.45 
2.45 
2.34 
2.30 
2.18 
2.15 
2.06 
2.00 
2.00 
1.97 
1.91 
1.85 
1.83 
1.83 
1.80 
1.78 
1.75 
1.72 
1.70 
1.67 
1.67 
1.80 
1.73 
1.77 
1.68 
1.68 
1.70 
1.66 
1.64 

Sept. 

Oct. 

!N0V. 

1 

Dec. 

1 

2.00 
1.95 
1.98 
2.00 
2.10 
2.85 
2.80 
2.45 
2.35 
2.35 
2.35 
2.20 
2.05 
2.00 
1.95 
2.20 
2.20 
2.20 
2.60 
2.65 
2.55 
2.55 
2.60 
2.60 
2.45 
2.50 
2.42 
2.35 
2.25 
2.20 
2.20 

2.22 
2.21 
2.20 
2.05 
2.02 
4.04 
6.62 
5.20 
4.20 
3.55 
3.43 
4.08 
5.40 
5.07 
5.00 
5.10 
5.10 
4.45 
4.48 
4.38 
4.85 
10.08 
16.93 
9.23 
5.80 
4.55 
8.80 
8.35 
•  ■••••  • 

2.18 
3.44 
4.80 
4.44 
3.90 
3.60 
3.52 
3.25 
3.03 
2.92 
2.83 
8.16 
8.26 
12.20 
6.01 
4.75 
4.05 
8.55 
8.25 
3.05 
2.90 
2.80 
2.68 
2.58 
2.50 
2.50 
2.42 
2.83 
2.28 
2.23 
2.26 

2.55 
2.65 
2.45 
2.35 
2.50 
2.47 
2.40 
2.28 
2.26 
2.30 
2.23 
2.17 
2.20 
2.23 
2.20 
2.98 
2.65 
2.55 
2.45 
2.90 
2.95 
2.80 
2.65 
2.50 
2.45 
2.48 
2.20 
2.18 
2.05 
2.00 

2.03 
3.40 
4.30 
3.40 
2.87 
3.40 
3.35 
3.2b 
2.93 
2.75 
2.45 
2.70 
2.60 
2.38 
2.28 
2.17 
2.08 
2.00 
2.10 
2.15 
2.84 
4.86 
4.65 
4.00 
4.06 
8.28 
8.46 
3.40 
2.66 
2.67 
2.48 

1.62 
1.58 
1.58 
1.55 
1.50 
1.50 
1.53 
1.50 
1.48 
1.50 
1.49 
1.48 
1.44 
1.44 
1.43 
1.42 
1.40 
1.40 
1.38 
1.38 
1.40 
1.40 
1.37 
1.37 
1.88 
1.40 
1.86 
1.40 
1.40 
1.40 

1.43  :  1-40      2.(9 

2 

1.38 
1.40 
1.40 
1.46 
1.44 
1.41 
1.40 
1.40 

1.52      l.» 

3 

4 

1.48      l.» 
1.58  '    1.K} 

6 

1.55      2.30 

6 

1.60     S.3( 

7 

1.60'   3.17 

8 

1.66     2.68 

9 

1.82     2.43 

10 

1.88  '  1.60     125 

11 

1.36 
1.40 
1.41 
1.42 
1.43 
1.43 
1.43 
1.87 
1.62 
1.50 
1.62 
1.53 
1.50 
1.60 
1.50 
1.64 
1.62 
1.62 
1.62 
1.48 
1.46 

1.60  '   2.05 

12 

1.60     106 

13 

1.90,    l.« 

14 

1.63  1    l.» 

15 

1.75      l.W 

16 

1.T2     2.S7 

17 

1.74 
1.68 
1.05 

107 

18 

177 

19 

t» 

20 

1.67     t» 

21 

1.65     1« 

22 

1.67  i   4»» 

23 

1.67     3.® 

24 

l.»     l» 

26 

1.60     t» 

26 

1.67 
1.55 
1.55 
1.78 
2.07 

2LW 

27 

2.35 

28 

2.43 

29 

80 

81 

125 
115 
115 

J 

DRAINAGE   BASIN   OF   THE    OHIO   RIVER. 
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FAYETTE  STATION  ON  NEW  RIVER. 

This  station,  described  in  the  Eighteenth  Annual  Report,  Part  lY, 
page  113,  is  located  just  below  the  mouth  of  Wolf  Greek  on  a  highway 
bridge  of  one  span,  at  Fayette,  West  Virginia,  The  wire  gage  is 
located  on  the  guard  rail,  on  the  upper  side  of  the  bridge  about  the 
middle  of  the  span,  and  the  graduation  is  to  feet  and  tenths.  Bench 
marks:  The  top  of  the  bottom  plate  of  the  lower  plate  girder,  at  the 
end  of  the  first  panel  from  the  left  bank,  lower  side,  is  55.13  feet  above 
the  zero  of  the  gage;  top  of  lower  end  of  coping  on  the  main  pier, 
right  bank,  lower  side,  52.13  feet  above  the  zero  of  the  gage;  bridge 
seat,  on  the  right  bank,  lower  side,  54.58  feet  above  the  zero  of  the  gage; 
west  corner  of  abutment  stone,  by  Chesapeake  and  Ohio  Bail  way  sta- 
tion, 58.62  feet  above  the  zero  of  the  gage.  The  observer  is  M.  W. 
Brellahan,  agent  Chesapeake  and  Ohio  Railway.  The  following  dis- 
charge measurements  were  made  by  Prof.  D.  C.  Humphreys  and  F.  H. 
Anschutz  in  1897 : 

March  31,  gage  height,  5.50  feet;  discharge,  9,587  second-feet. 
May  5,  gage  height,  8.50  feet;  discharge,  15,931  second- feet. 
May  15,  gage  height,  13.98  feet;  discharge,  35,195  second- feet. 
May  31,  gage  height,  3.70  feet;  discharge,  5,145  second-feet. 
October  12,  gage  height,  — 0.18  foot;  discharge,  1,136  second-feet. 
KoYcmber  5,  gage  height,  1.72  feet;  discharge,  2,616  second-feet. 

Daily  gage  height,  in  feet,  of  New  Biver  at  Fayette,  West  Virginia,  for  1897. 


Day. 


I. 
2. 
3. 
4. 
6. 

e. 

7. 

8. 

9. 
10 
11. 
12. 
13 
14. 
15. 
16. 
17. 
18. 
19. 


21.. 
22.. 
23.. 
24.. 
26.. 

2e... 

,  27.. 
28.- 
29.. 

I    30.. 


Jan. 

Feb. 

Mar. 
7.20 

2.80 

1.90 

2.30 

2.05 

6.65 

3.00 

2.20 

0.35 

3.30 

3.05 

6.06 

3.00 

4.80 

6.15 

3.20 

6.50 

6.50 

3.50 

16.72 

7.25 

4.00 

14.10 

7.40 

3.50 

8.60 

7.70 

3.35 

6.03 

12.05 

3.00 

6.40 

16.00 

2.90 

9.20 

11.70 

2.35 

13.70 

14.00 

2.05 

14.70 

15.20 

2.30 

14.00 

17.40 

2.10 

13.25 

16.80 

2.45 

10.10 

15.70 

2.75 

0.90 

13.00 

8.00 

0.00 

14.10 

3.45 

9.25 

12.80 

4.00 

20.10 

11.40 

4.50 

26.12 

10.30 

4.70 

27.56 

0.60 

4.00 

23.18 

9.20 

3.80 

18.30 

8.70 

2.90 

11.65 

8.25 

2.30 

8.15 

7.00 

1.95 

7.80 

6.70 

1.00 

6.65 

1.35 

6.40 

1.60 

...... . 

6.25 

Apr.  I  May. 


6.00 
5.50 
5.05 
5.90 
6.95 
7.10 
9.80 
11.10 
7.80 
8.10 
9.75 
8.50 
8.00 
7.15 
6.45 
6.10 
6.30 
6.05 
5.80 
5.45 
5.15 
4.85 
4.50 
4.20 
4.10 
4.00 
3.85 
3.70 
3.60 
3.50 


4.30 
4.30 
7.80 
9.52 
9.25 
7.48 
6.50 
6.20 
5.25 
6.15 
4.75 
6.95 
6.12 
20.58 
16.10 
11.00 
8.20 
7.50 
6.55 
5.70 
5.35 
5.00 
4.65 
4.10 
4.00 
3.85 
3.30 
3.30 
3.90 
3.78 
3.70 


June. 

Jnly. 
2.25 

Ang. 

3.25 

4.07 

3.00 

3.15 

3.25 

3.65 

3.55 

2.86 

3.50 

4.52 

2.40 

3.33 

4.50 

2.50 

3.30 

4.10 

2.90 

4.70 

3.73 

2.80 

5.00 

4.75 

2.75 

5.95 

3.80 

4.60 

6.55 

3.50 

4.05 

6.22 

3.45 

3.00 

5.25 

3.85 

2.50 

5.00 

3.50 

2.25 

4.60 

3.05 

2.10 

3.55 

2.40 

2.00 

3.40 

1.90 

1.60 

3.80 

2.00 

1.30 

3.50 

2.25 

1.25 

3.10 

2.25 

1.35 

4.40 

2.45 

1.40 

4.85 

2.90 

1.80 

5.25 

5.50 

1.90 

5.38 

8.10 

1.85 

3.95 

11.48 

1.76 

3.40 

10.00 

1.75 

3.25 

9.50 

1.85 

3.08 

8.20 

1.80 

2.57 

7.85 

1.90 

2.38 

6.70 

1.90 

2.35 

6.30 

1.00 

4.25 

1.35 

Sept. 


1.20 
1.10 
1.05 
.95 
.90 
.65 
.50 
.45 
.40 
.35 
.85 
.20 
.00 
.95 
.80 
.75 
.90 
.90 
.00 
.50 
.50 
.50 
.00 
.50 
.50 
.65 
.75 
.80 
.60 
.30 


Oct. 


0.10 

.05 

.05 

.01 

.00 

.00 

.05 

.10 

.10 

.05 

.00 

.00 

.00 

5.50 

2.95 

1.85 

1.05 

.90 

.70 

.60 

.45 

.50 

4.05 

2.35 

1.50 

1.10 

1.05 

.95 

.90 

.80 

1.10 


Nov. 


1.40 

1.55 

1.80 

1.90 

1.76 

2.00 

2.40 

1.50 

1.30 

1.25 

1.20 

1.00 

.80 

.70 

.70 

.70 

.60 

.55 

.46 

.40 

.40 

.35 

.20 

.10 

.15 

.25 

.00 

.05 

.20 

.20 


0.40 
.45 
1.15 
1.25 
1.25 
1.05 
1.10 
3.76 
3.00 
2.95 
1.85 
1.20 
1.15 
1.30 
1.80 
1.70 
1.75 
3.50 
3.40 
3.20 
3.00 
3.40 
5.25 
3.85 
3.10 
3.10 
2.40 
2.40 
1.90 
2.10 
2.00 


60 


OPERATIONS  AT   RIVER   STATIONS,  1897. 


ASHBVILLE  STATION  ON  FRENCH  BROAD  RIVBR. 

This  station,  described  in  the  Eighteenth  Annual  Beporb,  Part  IT, 
page  llG,is  located  at  the  Bingham  school  iron  high  way  bridge,  3  miles 
west  of  Asheville,  IN'orth  Carolina,  and  is  reached  by  electric-car  line. 
It  is  also  3  miles  below  the  month  of  S wannanoa  River.  The  gage  is  a 
wire  one.  The  zero  of  the  rod  is  opposite  the  east  edge  of  the  fifth 
upright,  first  span  from  east,  upper  side.  The  outside  edge  of  thepul 
ley  is  3  feet  from  the  end  of  the  rod,  and  the  length  of  the  wire  cable 
from  the  end  of  the  weight  to  the  index  marker  is  26.03  feet.  Wheo 
the  gage  height  is  3.22  feet  the  water  surface  is  17.18  feet  below  top  of 
the  lower  end  of  the  second  floor  beam,  first  span  from  the  east. 

The  initial  point  for  soundings  is  on  the  right  bank,  at  theeud  of  the 
first  span  of  the  bridge.  Both  banks  may  overflow  in  very  high  water. 
The  current  is  swift  and  the  channel  is  rough  and  rocky,  and  reason- 
ably permanent.  The  observer  is  J.  M.  Taylor,  a  carpenter  of  Aslieville, 
North  Carolina.  The  following  discharge  measurements  were  made  by 
E.  W.  Myers  aud  others  during  1897: 

Angnat  18,  gage  height,  2.86  feet;  discharge,  882  second-feet. 
October  14,  gage  height,  2.84  feet ;  di»chargo,  808  secood-feet. 
October  27,  gage  height,  2.50  feet ;  discharge,  734  secoDd-feet. 

Daily  gage  height,  in  feet,  of  French  Broad  Biver  at  Asheville,  North  Carolina^  for  18S7. 


Day. 


1.. 

2.. 

3.. 

4.. 

6.. 

6.. 

7.. 

8-. 

9.. 
10.. 
11.. 
12.. 
13.. 
14.. 
16.. 
16.. 
17.. 
18.. 
19.. 
20.. 
21.. 
22.. 
23.. 
24.. 
25.. 
26.. 
27.. 
28.. 
29.. 
30.. 
31., 


Jan. 


2.80 
2.75 
2.70 
2.90 
3.25 
3.25 
2.95 
2.93 
2.93 
2.87 
2.85 
2.85 
2.87 
2.90 
2.85 
2.83 
2.95 
3.35 
3.15 
3.50 
4.45 
4.40 
3.65 
3.55 
3.45 
3.35 
3.35 
3.45 
3.43 
3.33 
3.45 


Feb. 


3.  GO 
3.80 
4.00 
4.90 
4.00 
7.90 
7.40 
6.40 
4.85 
4. 55 
4.60 
4.70 
4.60 
4.55 
4.35 
4.15 
3.95 
3.90 
3.85 
3.75 
4.15 
3.90 
6.85 
6. 05 
4.86 
4.35 
4.20 
4.15 


Mar. 


3.90 
3.80 
3.80 
3.80 
3.70 
7.00 
7.25 
5,50 
5.  00 
5.10 
6.20 
6.20 
6.43 
7.00 
5.90 
6.40 
5.90 
5.30 
5.45 
5.85 
6.50 
4.90 
4.75 
4.65 
4. 55 
4.45 
4.45 
4.35 
4.10 
4.00 
4.10 


Apr. 


4.25 
4.20 
4.15 
5.30 
7.60 


7. 
6. 


30 
90 


6.50 


5.40 
5.35 
4.60 
4.65 
4.40 
4.60 
4.60 
4.60 
4.35 
4.15 
4.10 
4.05 
4.00 
3.90 
3.85 
3.85 
3.76 
3.70 
3.70 
3.67 
3.66 
5.40 


May. 

Jane. 

July. 

7.10 

3.30 

3.30 

7.00 

3.25 

3.15 

3.90 

3.90 

3.05 

5.70 

3.95 

3.10 

4.50 

1^.85 

3.15 

4.30 

3.40 

3.25 

4.00 

3.30 

3.35 

3.90 

4.50 

3.37 

8.85 

3.80 

3.37 

3.80 

3.65 

3.25 

3.60 

8.40 

3.60 

3.45 

3.30 

3.40 

4.00 

3.20 

3.20 

4.15 

3.15 

3.25 

4.00 

3.05 

3.30 

3.70 

8.30 

3.30 

3.65 

3.40 

3.40 

3.65 

3.55 

3.35 

3.55 

3.60 

3.35 

3.53 

3.35 

3.25 

3.50 

3.35 

8.40 

3.60 

3.25 

3.65 

3.50 

3.40 

3.40 

3.50 

3.55 

3.36 

3.45 

3.40 

3.30 

3.36 

3.35 

3.16 

3.37 

3.30 

8.20 

3.27 

3.60 

3.10 

3.25 

3.66 

3.05 

3. 35 

3.46 

3.00 

3.36 

2.75 

Aug. 


2.75 
2.80 
2.85 
2.95 
2.95 
3.10 
4.00 
4.00 
3.05 
3.03 
3.00 
2.80 
2.73 
2.70 
2.70 
2.80 
2.85 
2.87 
2.85 
2.92 
2.90 
2.90 
2.85 
2.83 
2.70 
2.70 
2.70 
2.65 
2.50 
2.66 
2.67 


Sept.    Oct. 


2.65 
2.63 
2.00 
2.69 
2.60 
2.55 
2  55 
2.53 
2.46 
2.40 
2.37 
2.37 
2.35 
2.36 
2.40 
2.40 
2.36 
2.33 
2.37 
2.35 
2.33 
2.40 
2.50 
2.46 
2.43 
2.43 
2.40 
2.37 
2.35 
2.33 


2.30 
2.30 
2.30 
2.27 
2.27 
2.25 
2.25 
2.23 
2.23 
2.23 
3.35 
3.30 
3.20 
2.83 
2.75 
2.65 
2.63 
2.45 
3.25 
3.23 
2.85 
2.75 
2.67 
2.65 
2.63 
2.50 
2.50 
2.47 
2.46 
2.45 
2.45 


Mov.i  Dec. 


2.90 

3.85 

3.83 

3.77 

2.95 

2.85 

2.65 

2.55 

2.53 

2.50 

2.47 

2.4C 

2.45 

2.45 

2.45 

2.45 

2.43 

2.43 

2.40 

2.37 

2.27 

2.35 

2.33 

2.35 

2.40 

2.60 

2.90 

2.85 

2.83 

2.90 


2.tf 

2.85 

2.90 

3.00 

3.00 

190 

2.83 

2.77 

2.6 

2.6 

2.O0 

100 

2.S5 

145 

2. 45 

3.15 

3.15 

3.10 

2.95 

3.0O 

3.15 

3.20 

3.25 

3.20 
3.06 
3.25 
3.40 
3.65 
^57 
ISO 
3.40 
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BRYSON   STATION  ON  TUCKASEBGEE  RIVER, 

This  station,  described  iu  the  Eighteenth  Annaal  Eeport,  Part  lY, 
)age  116,  was  located  on  the  Southern  Eailway  bridge  about  3  miles 
kbove  Brysou,  !N"orth  Carolina,  and  just  below  Governor  Island  post- 
office,  and  was  abandoned  March  25  because  the  section  was  poor.  A 
lew  station  was  established  November,  1897,  in  the  town  of  Bryson,  at 
ihe  highway  bridge.  The  bottom  is  muddy,  the  water  is  deep,  and  the 
jurrent  is  very  sluggish.  The  gage  is  bolted  to  the  north  pier  and 
ower  side,  and  can  be  read  from  the  bridge.  The  initial  point  for 
(ouudings  is  the  south  end,  upstream  hand-rail.  The  channel  is 
obstructed  by  the  remains  of  two  old  piers.  The  observer  is  II.  H. 
^elch.  The  following  discharge  measurement  was  made  in  1897  by 
1.  P.  Davis: 

October  28,  gage  heigh t,  1.00  foot;  discharge,  168  second-feet. 

Daily  gage  heightf  infect,  of  Tuckaeeegee  River  at  Bryaon,  North  Carolina,  for  1897. 


Day. 


1 
2 
3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 


Jan. 

Feb. 

Mar. 

Nov. 

Dec. 

2.25 

3.10 

3.76 

m  m  m  m  »   » 

1.25 

2.20 

3.80 

3.eo 

••«««« 

1.10 

2.30 

3.10 

4.40 



1.35 

2.50 

3.00 

3.65 

1.60 

2.80 

3.30 

3.60 

2.30 

2.40 

5.52 

7.60 



1.60 

2.40 

4.70 

5.60 

1.05 

1.30 

2.40 

4.10 

4.00 

1.00 

1.25 

2.40 

4.00 

5.00 

1.15 

1.20 

2.30 

3.80 

7.10 

1.10 

1.15 

2.30 

4.00 

5.30 

1.00 

1.15 

2.40 

5.40 

9.16 

1.00 

1.15 

2.30 

5.00 

6.80 

1.00 

1.30 

3.00 

4.15 

7.70 

1.00 

2.00 

2.80 

3.90 

6.20 

1.00 

1.70 

2.60 

3.80 

6.90 

1.00 

1.40 

Day. 


17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 


Jan. 


2.00 
3.30 
2.90 
3.30 
3.30 
3.30 
3.25 
3.00 
2.90 
2.85 
2.80 
2.20 
2.20 
2.60 
2.90 


Feb. 


3.60 
3.50 
3.50 
3.70 
4.30 
4.55 
4.90 
8.85 
5.30 
4.70 
4.30 
3.  DO 


Mar. 


6.70 
5.80 
6.90 
5.70 
5.60 
5.40 
5.10 
5.00 
4.80 


Nov. 


1.00 
•1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.40 
1.20 
1.30 
1.30 


Dec. 


1.30 
1.30 
1.60 
1.70 
3.40 
2.60 
2.05 
1.70 
1.60 
1.70 
1.65 
1.50 
1.45 
1.40 
1.50 
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JUDSON  STATION  ON  LITTLE   TENNESSEE  RIYKB. 

This  station,  described  in  the  Eighteenth  Annnal  Report,  Part  IT, 
page  117,  is  located  on  the  Southern  Eailway  bridge  about;  oiie-fourth 
of  a  mile  from  Judson,  IN'orth  Carolina,  and  below  the  mouth  of  Saw- 
yer Branch.  The  zero  of  the  gage  rod  is  25  feet  west  of  the  east  end 
of  the  second  span  from  the  east.  The  outer  rim  of  the  pulley  wheel  is 
2  feet  from  the  zero  of  the  gage  rod,  and  the  distance  from  the  end  of 
the  weight  to  the  marker  on  the  wire  rope  is  26.25  feet.  The  gage  reads 
zero  when  the  weight  touches  the  bottom  of  the  stream.  The  bottom 
is  rocky  and  very  rough  on  the  west  side  of  the  stream,  and  sandy  on 
the  east  side,  and  the  current  is  very  swift.  The  river  is  straight  for 
several  hundred  yards  above  and  below  the  station.  The  section  is  not 
a  very  good  one,  as  there  are  two  bad  pier  obstructions.  The  observer 
is  E.  0.  Sawyer,  Judson,  North  Garolina.  The  following  discharge 
measurements  were  made  by  B.  W.  Myers  aiid  A.  P.  Davis  in  1897: 

August  21,  gago  height,  3.21  feet;  discharge,  771  secoud-feet. 
October  13,  gage  height,  2.75  feet;  discharge,  701  second-feet. 
October  28,  gage  height,  2.44  feet;  discharge,  448  second-feet. 

Daily  gage  heightf  infect,  of  Little  Tenneatee  River  at  Judeon,  North  Carolituif  for  1897. 


Day. 

Jan. 

Feb. 

Mar. 

Apr. 

1 

3.40 
8.56 
3.53 
8.54 
3.51 
3.52 
3.65 
3.65 
3.64 
8.63 
3.69 
3.65 
3.66 
3.65 
3.64 
3.62 
3.65 
3.64 
8.69 
4.80 
4.80 
4.82 
4.62 
4.60 
3.90 
3.84 
3.84 
3.83 
3.68 
3.69 
3.65 

5.50 
6.40 
5.54 
4.80 
4.59 
5.30 
4.56 
4.59 
4.50 
4.47 
5.20 
5.28 
6.26 
5.30 
4.59 
4.56 
3.70 
3.80 
3.53 
3.52 
4.80 
5.60 
8.60 
6.75 
4.75 
4.63 
4.53 
4.29 

4.20 
3.56 
3.50 
3.53 
3.56 
4.50 
4.35 
4.59 
6.40 
7.29 
7.38 
0.20 
7.82 
7.23 
7.16 
6.35 
5.53 
6.95 
7.65 
8.90 
8.00 
8.50 
7.53 
7.85 
0.25 
5.55 
5.53 
5.60 
5.56 
5.70 
6.21 

6.23 
7.50 
7.91 
7.90 
6.55 
6.53 
5.80 
5.70 
5.30 
4.23 
4.50 
4.60 
5.70 
5.23 
4.59 
5.40 
4.54 
8.53 
3.52 
3.15 
3.22 
3.21 
3.18 
3.18 
3.32 
3.39 
3.30 
3.41 
3.90 
3.99 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

26 

27 

28 

29 

30 

31 

May. 


4.20 
3.56 
3.54 
3.62 
3.53 
3.58 
3.57 
3.57 
3.22 
3.23 
3,27 
3.27 
4.76 
5.21 
5.13 
4.12 
4.90 
4.70 
4.30 
3.57 
3.56 
3.56 
3.41 
3.90 
3.70 
3.90 
3.80 
3.51 
3.60 
3.90 
3.80 


Jnne. 

July. 

Ang. 

3.82 

8.30 

3.48 

8.78 

3.50 

3.46 

2.91 

3.42 

3.39 

4.20 

3.50 

3.43 

4.80 

3.60 

3.45 

3.00 

3.70 

3.40 

3.59 

3.63 

3.46 

3.58 

3.67 

3.48 

8.55 

3.75 

3.47 

3.56 

3.72 

3.44 

3.59 

3.70 

3.38 

3.57 

3.48 

3.35 

3.58 

3.49 

3.36 

3.53 

3.42 

3.32 

3.59 

3.45 

3.35 

3.61 

3.51 

4.00 

3.62 

4.33 

:{.86 

3.60 

4.50 

3.86 

3.60 

4.91 

3.78 

3.48 

5.20 

3.52 

8.50 

4.36 

3.32 

3.42 

4.20 

3.22 

3.44 

4.21 

3.23 

3.47 

3.78 

3.35 

3.41 

3.72 

3.29' 

3.48 

3.70 

3.90 

3.46 

3.73 

3.00 

8.45 

3.71 

.3.33 

3.43 

3.75 

2.78 

3.40 

3.71 

:'.79 

3.69 

2.77 

S«pt. 


2.83 
2.85 
2.89 
2.86 
2.81 
2.84 
2.85 
2.73 
2.71 
2.73 
2.77 
2.89 
2.89 
2.83 
2.88 
2.86 
2.90 


2. 
2. 
2. 
2. 


90 
80 
38 
40 
2.37 
2.33 
2.39 
2.50 
2.60 
2.52 
2.50 
2.53 
2.57 


Oot. 


Nov. 


2.62 
2.53 
2.60 
2.54 
2.65 
2.57 
2.50 
2.56 
2.53 
4.54 
4.58 
2.56 
2.49 
2.50 
2.5:) 
2.53 
2.54 
2.00 
2.22 
3.48 
3.37 
2.86 
2.70 
2.72 
2.60 
2.63 
2.35 
2.39 
2.39 
2.33 
2.34 


2.38 

3.30 

2.86 

2.70 

2.58 

2.79 

2.80 

2.72 

2.73 

2.78 

2.70 

2.76 

2.79 

2.61 

2.63 

2.68 

2.TJ 

2.70 

2.69 

2.67 

2.68 

2.00 

2.65 

2.67 

2.70 

2.82 

3.10 

2.89 

2.  SO 

2.86 


Dec. 


2.5« 
156 

2.55 
3.O0 
4.58 
4.39 

4.00 

lao 

3.00 

2.90 

2.89 

2.96 

2.W 

3.51 

3.00 

3.00 

2.19 

2.90 

2.96 

3.40 

3.59 

4.5« 

459 

3.48 

.130 

3.38 

8.30 

3.00 

2.9i 

2.7? 

2.90 
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MUBPHY  STATION  ON   HIWASSEE  BIYEB. 

This  station,  desd)*ibed  in  the  Eighteenth  Annual  Beport,  Part  lY, 
mge  117,  is  located  on  the  highway  bridge  crossing  the  river  at  Mur- 
ihy,  !N"orth  Carolina,  one-half  mile  above  Valley  Eiver.  The  zero  of 
/he  gage  rod  is  8  feet  north  of  the  center  of  the  second  full-length  com- 
pression member  from  the  north  end  and  on  the  downstream  side  of 
jridge.  The  outer  rim  of  the  pulley  wheel  is  2  feet  from  the  zero  of  the 
^age  rod,  and  the  distance  from  the  end  of  the  weight  to  the  marker 
)n  the  wire  is  29.10  feet.  The  reading  of  the  gage  is  zero  when  the 
ereight  touches  the  bottom  of  the  river.  The  section  here  is  a  fairly 
^ood  one,  though  somewhat  obstructed  by  the  remains  of  two  old  piers 
iirectly  under  the  present  bridge.  The  course  of  the  stream  is  straight 
for  several  hundred  yards  above  and  below  the  bridge  and  the  current 
Eairly  rapid.  The  bottom  is  hard  and  rocky  and  is  not  subject  to  any 
iecided  change  by  high  water.  The  banks  are  high  and  not  subject  to 
3verflow  except  in  very  high  water.  The  observer  here  is  M.  L.  Brit- 
bain.  The  following  measurements  were  made  by  E.  W.  Myers  and 
A.  P.  Davis  in  1897  : 

Aiignst  20,  gage  height,  5.33  feet ;  discharge,  528  Bocond-feet. 
October  14,  gage  heiglit,  4.76  feet;  discbarge,  267  second- feet. 
October  29,  gage  height,  4.71  feet;  discharge,  253  second- feet. 


Daily  yage  height,  in  feet,  of  Hiwassee  Biver  at  Murphy,  North  Carolina,  for  1897. 


Day. 

Jan.    Feb. 

Mar. 

Apr. 

May. 

4.80 
4.70 
4.65 
4.60 
4.55 
4.52 
4.50 
4.50 
4.50 
4.45 
4.52 
4.40 
5.00 
4.80 
4.60 
4.50 
4.50 
4.42 
4.40 
4.32 
4.36 
4.35 
4.30 
4.26 
4.25 
4.22 
4.20 
4.20 
4.20 
4.20 
4.20 

June. 

July. 

Aug. 

Sept. 

Oct. 

1 

Nov. 

Dim:. 

5.02 

1 

3.90 
3.90 
3.90 
8.90 
4.12 
4.02 
4.00 
4.00 
3.92 
3.92 
4.00 
3.90 
3.92 
4.40 
4.60 
4.15 
4.55 
4.40 
4.40 
5.10 
4.70 
4.62 
4.40 
4.40 
4.40 
4.20 
4.30 
4.10 
4.15 
4.15 
4.15 

4.80 
5.50 
4.00 
4.62 
4.60 
5.15 
6.40 
5.12 
5.10 
4.85 
4.85 
4.82 
4.82 

4.12 

4.70 
4.60 

*4.*86" 
4.50 
7.92 
5.50 
5.10 
4.97 
4.70 
4.64 

4.60 
4.50 
4.55 
4.70 
4.60 
0.20 
6.50 
5. 65 

5.40 
5.50 
5.38 
6.26 
8.20 
6.12 
5.75 
r..  so 

4.16 
4.15 
4.1? 
4.10 
4.30 
4.12 
4.10 
4.10 
4.22 
4.10 
4.02 
4.05 
4.05 
4.00 
4.00 
4.10 
4.03 
4.10 
4.20 
4.15 
4.05 
4.00 
4.00 
4.00 
4.00 
4.00 
3.90 
3.90 
4.30 
4.00 

3.90 
3.90 
3.90 
3.90 
4.15 
4.00 
4.02 
4.10 
4.10 
4.25 
4.15 
4.00 
3.08 
3.90 
3.85 
3.90 
4.50 
4.05 
6.72 
6.00 
4.50 
4.85 
4.34 
4.20 
10.85 
6.20 
5.20 
4.72 
4.52 
4.40 
4.25 

4.20 
4.32 
4.20 
4.10 
4.35 
4.20 
4.20 

5.00 
5.40 
5.10 
5.02 
5  00 
5.00 
4.05 
5.00 
4.98 
5.  (;0 
5.00 
4.95 
4.95 
5.0U 
5.00 
5.00 
4.95 
4.03 
4.95 
4. 95 
4.95 
4.95 
4.90 
4.90 
5.00 
4.98 
5.00 
5.05 
5.00 
5.10 

1      2 

5.  00 

3 

5  10 

4 

5.  45 

6 

CIO 

6 

6.5:) 
5.30 
5. 1'O 
5.1  J 
5.10 
5.  10 
5.(0 
5.  O'J 
0.20 
5.5-> 
5.  30 
5.2H 

5.  2(1 
5.40 
6.00 
7.35 

6.  85 
6. 15 
5.80 
6.50 
5.85 
5.60 
5.50 
5.40 
6.40 
5.30 

7 

8 

9 

5.40     6- 10 

10 

5.62 
5.50 
9.90 
6.85 
6.70 
6.12 
7.65 
6.30 
6.00 
7.05 
6.80 
6.10 
5.80 
5.55 
5.40 
6.30 
5.15 
5.10 
5.00 
4.90 
5.00 
4.90 

5.35 
5.30 
5.15 
5  05 
5.05 
5.50 
5.05 
5.00 
4.90 
4.80 
4.80 
4.70 
4.70 
4.70 
4.70 
4.65 
4.70 
4.63 
4.60 
4.60 
4.68 

11 

12 

••■•«• 



13 

14..-. 

15 

...••. 

le 

17 

18 

19 

20 

21 

5.00 
4.75 
4.75 
4.70 
4.70 
4.70 
4.65 
4.66 
4.70 
4.72 
4.90 
4.87 

!!!!!! 

....... 

22 

23 

24 

25 

....... 

2S 

1 

27 

i 

28 

1...... 

29 

30 

1 .  >•••• 

81 

1 
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CHATTANOOGA  STATION  ON  TENNESSEE   BIYEB. 

This  station,  described  in  the  Eighteenth  Anuftal  Report,  Part  IV, 
page  119,  is  located  on  the  Tennessee  Eiver  at  the  city  of  Chattanooga, 
Tennessee.  The  gage  is  on  an  incline  of  railroad  iron  for  about  20  feet 
in  its  lower  i>ortion.  Above  this  it  is  a  vertical  rod  bolted  to  the  ver 
tical  rock  blaff  forming  the  river  bank.  The  zero  of  the  gage  is  630.64 
feet  above  sea  level.  It  is  located  at  the  foot  of  Lookout  street,  just 
below  Chattanooga  Island.  Measurements  are  made  from  the  Hamil- 
ton County  steel  highway  bridge  at  the  foot  of  Walnut  street,  a  short 
distance  below  the  gage.  The  observer  is  L.  M.  Prindell.  The  follow- 
ing discharge  measurements  were  made  by  Max  Hall  and  others 
during  1897 : 

May  8,  gage  height,  7.07  feet;  discharge,  44,187  second-feet. 
May  28,  g^ge  height,  4.52  foot;  discharge,  25,892  second-feet. 
'  June 29,  gage  height,  5.76  feet;  discharge,  32,943  second-feet. 
July  13,  gage  height,  4.59  feet;  discharge,  26,884  second-feet. 
September  7,  gage  height,  1.67  feet;  discharge,  10,313  second- feet. 
October  6,  gage  height,  0.48  foot ;  discharge,  5,969  second- feet. 
November  16,  gage  height,  0.83  foot;  discharge,  5,552  second- feet. 
December  23,  gage  height,  10.30  feet;  discharge,  67,000  second-feet. 

Daily  gage  height,  in  feet,  of  Tenn€$8ee  Birer  at  Chattanooga,  Tennessee,  for  1897. 


Day. 


Jan. 


Feb. 


2 

3 

4 

5 

7 

10 

11: 

12 

13 

14 

16 

16 

17 

18 

20 

21 

22 

23 

25 

27 

28 

29 

30 

31 


2.4 
2.5 
2.8 
2.6 
2.6 
2.7 
2.0 
3.0 
2.8 
2.8 
2.7 
2.6 
2.4 
2.6 
4.1 
6.5 
6.6 
6.3 
6.4 
6.8 
7.0 
7.2 
7.3 
7.0 
6.0 
5.9 
5.3 
4.8 
4.4 
3.7 
8.0 


3.0 

7.0 

10.1 

10.5 

9.4 

8.3 

8.8 

10.7 

14.1 

15.5 

13.2 

10.8 

9.0 

10.0 

10.5 

10.7 

9.8 

8.6 

7.6 

7.0 

7.0 

8.3 

13.2 

25.2 

31.6 

34.8 

33.8 

23.6 


Mar. 

Apr. 

May. 

Jane. 

July. 
6.0 

Aug. 

12.5 

8.7 

5.9 

4.3 

4.4 

9.6 

12.2 

6.3 

4.2 

4.6 

3.9 

8.6 

15.0 

7.4 

4.1 

3.8 

3.8 

9.0 

16.0 

9.6 

4.1 

3.4 

3.6 

9.0 

26.0 

0.6 

4.1 

3.4 

3.3 

12.1 

30.4 

8.5 

4.1 

4.0 

8.5 

19.2 

29.7 

7.7 

4.4 

3.8 

4.4 

25.1 

25.4 

7.2 

4.4 

3.8 

4.2 

24.2 

20.0 

6.6 

4.0 

4.4 

4.2 

21.3 

16.0 

6.2 

6.2 

4.0 

6.6 

22.3 

14.0 

6.0 

5.0 

4.1 

6.2 

28.4 

26.0 

6.2 

5.7 

4.5 

4.6 

34.9 

11.4 

7.8 

5.0 

4.6 

4.1 

37.9 

10.3 

18.4 

4.3 

4.2 

8.5 

37.9 

9.7 

22.4 

3.9 

3.8 

3.1 

87.0 

9.8 

20.3 

3.6 

3.6 

2.8 

36.0 

10.2 

16.5 

3.7 

4.5 

2.8 

33.8 

9.9 

11.9 

8.6 

C.3 

3.0 

29.6 

9.3 

9.1 

3.3 

6.1 

3.4 

29.6 

8.8 

7.7 

3.3 

5.6 

3.0 

32.4 

8.1 

6.9 

4.1 

6.7 

3.0 

33.8 

7.6 

6.4 

5.0 

6.1 

3.4 

30.9 

7.0 

5.9 

4.8 

5.8 

3.1 

25.0 

6.7 

6.6 

5.3 

6.0 

3.8 

18.1 

6.4 

6.3 

5.5 

8.4 

3.4 

14.2 

6.2 

6.1 

6.2 

9.7 

S.9 

12.2 

6.0 

4.8 

5.4 

18.3 

2.8 

10.8 

6.1 

4.6 

6.5 

8.7 

2.8 

9.8 

6.2 

4.4 

6.2 

6.7 

2.5 

9.1 

5.8 

4.2 

5.2 

5.6 

2.2 

8.6 

4.2 

5.0 

2.1 

Sept. 


3.1 

2.2 

1.9 

1.8 

1.8 

1.7 

1.7 

1.6 

1.6 

1.4 

1.8 

1.2 

1.2 

1.1 

1.0 

1.0 

.9 

.9 

.8 

.8 

.9 

.9 

.8 

.9 

.8 

.8 

.7 

.7 

.7 

.8 


Oct. 


Not. 


Dec 


0.8 

.8 

.7 

.6 

.5 

.5 

.5 

.4 

.4 

.4 

.5 

.6 

.9 

1.4 

1.1 

1.2 

1.2 

1.2 

1.1 

1.4 

2.0 

1.9 

1.6 

1.4 

1.6 

1.4 

1.2 

1.0 

.9 

.8 

.8 


0.8 

.9 

1.0 

1.2 

1.2 

1.3 

1.4 

1.2 

1.2 

1.2 

1.1 

1.0 

1.0 

.9 

.8 

.8 

.8 

.8 

.8 

.7 

.7 

.7 

.7 

.7 

.7 

.7 

.7 

.7 

.7 

.9 


1.2 
1.1 
2.0 
X3 
3.8 
19 
3.5 
19 
19 
14 
11 
1.8 
1.8 
15 
17 
15 
15 
19 
S.4 
4.5 
7.1 
10.2 
9.3 
7.7 
6l4 
S.9 
5.0 
4.5 
4.0 
9.8 
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TOWNSEND  STATION  ON  MISSOURI  IlIVBR. 

btiou,  mentioned  in  the  Eigliteeiitli  Annual  Report,  Part  IV, 
and  described  more  fnlly  in  Bulletiii  No.  131,  page  22,  is 
i  a  wagon  bridge  aboat  a  mile  north  of  the  railroad  station 
end,  Montana,  and  immediately  below  the  railroad  bridge. 
Its  given  are  the  means  of  two  daily  readings  expressed  in 
B  the  St.  Louis  directrix,  which  is  412.73  feet  above  mean 
.  This  gage  is  maintained  by  Gapt.  J.  0.  Sanford,  Corps  of 
I,  U.  8.  A.,  Sioux  City,  Iowa,  and  copies  of  the  record  are 
:ly  to  the  office  of  the  Missouri  River  Commission.  The  see- 
that  commission,  Capt.  Hiram  M.  Chittenden,  has  kindly 
this  office  with  the  record  for  the  year  1897.  In  the  following 
en  from  this  record,  the  figures  3,300  have  been  omitted.  It 
»re,  necessary  to  add  3,300  to  obtain  elevation  above  the  St. 
ectrix.  The  following  discharge  measurements  have  been 
Etoe  Emery  during  1897 : 

age  height,  92.10  feet;  discharge,  14,247  second- feet, 
age  height,  92.50  feet;  discharge,  19,466  second-feet. 
;age  height,  91.00  feet;  discharge,  12,352  second-feet. 
;age  height,  90.28  feet;  discharge,  8,189  second-feet, 
page  height,  89.50  feet;  discharge,  5,917 second-feet, 
page  height,  88.85  feet ;  discharge,  3,797  second- feet. 
!,  gage  height,  88.50  feet;  discharge,  2,901  second-feet, 
r  17,  gage  height,  88.40  feet;  discharge,  2,695  second-feet. 


yaye  hcighi,  in  feet,  of  Misaouri  Biver  at  Townsendf  Montanaf  for  1S07. 


\ 
1 

•  *  «  • 

Jan. 

Feb. 

1 

Mar. 

Apr. 

May. 

June. 

July. 

Aug. 

Sept. 
88.2 

Oct. 

88.8 

1 

92. 1  1  91. 5 

89.1 

90.6 

02.5 

00.1 

88.7 

88.6 

....    88.8 

92.  2     91. 4 

89.0 

90.7 

02.7 

00.2 

88.7 

88.2 

88.0 

....    88.8 

92.4  1  91.3 

89.0 

00.0 

92,6 

90.2 

88.7 

88.3 

88.6 

•  .  •  • '    on.  o 

92.  5  i  91. 2 

89.0 

01.2 

02.3 

90.2 

88.7 

88.4 

88.6 

....'  88.8 

92. 6     91. 1 

89.1 

91.4 

91.0 

90.2 

88.6 

88.4 

88.6 

....!  88.6 

92. 7     91. 1 

89.1 

01.6 

01.0 

00.2 

88.5 

88.4 

88.6 

....i  88.fi 

92. 8     91. 1 

83.1 

91.7 

01.4 

90.1 

88.5 

88.4 

88.6 

....!  88.6 

92.  8     91. 1 

89.1 

91.9 

91.3 

90.0 

88.5 

88.4 

88.0 

....  1  88. 6 

92.  G  1  91. 1 

89.2 

92.1 

91.3 

89.8 

88.4 

88.4 

88.0 

....;  88.5 

92.6  1  91.0 

89.1 

91.9 

91.2 

89.7 

88.4 

88.4 

88.6 

....;  88.5 

92.5  i  90.0 

89.1 

91.4 

91.1 

89.6 

88.4 

88.4 

88.6 

....'  88.6 

92. 4  ,  90.  8 

89.2 

91.1 

91.0 

80.4 

88.4 

88.4 

88.6 

1  88.6 

92.4  j  90.7 

89.4 

91.1 

90.0 

80.4 

88.4 

88.4 

88.6 

91.4 

92.4  i  90.7 

89.5 

91.1 

90.8 

80.3 

88.4 

88.4 

88.6 

....!  91.4 

92.4 

90.7 

89.8 

9L5 

90.8 

80.2 

88.4 

88.4 

88.6 

1  91.4 

92.3 

90.8 

90.1 

01.8 

90.9 

80.1 

88.4 

88.4 

88.6 

!  91.4 

92.1 

91.1 

90.4 

92.1 

90.0 

80.1 

88.4 

88.4 

88.6 

91.4 

92.0 

91.4 

90.6 

92.4 

90.8 

86.1 

88.4 

88.4 

88.7 

'  91.4 

92.0 

91.4 

00.9 

92.4 

90.7 

80.1 

88.4 

88.6 

88.7 

1  91.4 

91.9 

91.4 

91.0 

92.6 

90.5 

80.1 

88.4 

88.4 

88.7 

, . . .. 

91.4 

92.0 

91.4 

90.8 

92.9 

90.4 

80.1 

88.4 

88.4 

88.8 

91.5 

91.9 

91.5 

90.5 

93.0 

90.3 

89.1 

88.4 

88.4 

88.8 

092.4 

91.8 

091.6 

00.2 

93.0 

90.2 

89.0 

88.4 

88.4 

88.8 

92.4 

91.7 

91.8 

00.1 

92.8 

90.1 

89.0 

88.4 

88.4 

88.8 

*  ■  •  •  > 

92.4 

91.7 

92.4 

00.0 

92.7 

90.1 

ft9.0 

88.3 

88.4 

88.8 

92.4 

91.7 

93.2 

00.2 

92.7 

90.1 

88.9 

88.2 

88.5 

88.8 

92.3 

91.7 

91.7 

00.4 

92.5 

90.1 

88.8 

88.2 

88.5 

88.8 

92.3 

91.7 

88.9 

00.6 

92.4 

90.1 

88.7 

88.2 

88.5 

88.8 

92.2 

89.5 

00.6 

02.3 

00.1 

88.7 

88.2 

88.5 

88.8 

92.1 

WWW 

89.3 

00.6 

02.2 

00.1 

88.7 

88.2 

88.5 

88.8 

92.1 

•■•■•> 

89.2 

02.3 

88.7 

88.2 

88.8 

Nov. 

1>W. 

68.8 

a93.3 

88.8 

93.3 

88.8 

93.3 

88.7 

03.3 

88.7 

93.3 

88.7 

93.3 

88.7 

93.3 

88.7 

93.1 

88.7 

92.9 

88.7 

92.6 

88.7 

92.3 

88.7 

92.1 

88.7 

92.1 

88.7 

92.2 

88.7 

92.2 

88.7 

92.3 

88.7 

92.3 

88.7 

02.3 

88.7 

02.3 

88.7 

02.3 

88.7 

02.3 

88.7 

02.3 

88.8 

02.3 

88.8 

02.3 

88.8 

02.3 

88.8 

92.3 

88.8 

92.3 

88.8 

82.3 

88.8 

92.3 

88.8 

92.3 

92.1 

alee  readingH  Jan. 23  to  Mar.  23,  incluHive,  and  Doc.  1  to  Dec.  31,  inclusivu. 

I  15 5 
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OPERATIONS   AT   RIVER    STATIONS,  1897. 


SALES VILLE   STATION   ON  WEST   GALLATIN   RIYEB. 

This  station,  described  in  the  Eighteenth  Annual  Report,  Part  IT, 
page  123,  is  about  16  miles  southwest  of  Bozeman,  Montana,  at  the 
highway  bridge  crossing  the  stream  about  5  miles  south  of  Salesville. 
The  old  gage  rod  erected  in  July,  1896,  is  spiked  to  a  tree.  In  Sep- 
tember, 1896,  a  wire  gage  was  placed  on  the  bridge,  the  pulley  being 
fastened  to  the  end  of  the  rod  opposite  the  0.15  foot  mark.  The  dis- 
tance of  the  end  of  the  weight  to  the  index  marker  is  15.50  feet.  The 
two  gages  were  made  to  read  the  same.  The  bed  of  the  stream  is  rocky 
and  the  current  is  swift. 

The  bench  mark  for  the  wire  gage  is  the  head  of  the  southwest  holt 
in  the  rim  of  the  southeast  cylindrical  pier.  Its  elevation  is  13.70  feet 
above  datum.  The  observer  is  Ira  T.  Williams,  Salesville,  Montan^k 
Discharge  measurements  were  made  during  1897,  by  Roe  Emer>%  us 
follows : 

May  9,  gage  height,  4.70  feot;  discharge;  1,835  second-feet. 
May  22,  gage  height,  6.70  feet;  discharge;  5;538  secoud-feet. 
Jane  5,  gage  height,  5.40  feet;  discharge,  3,221  second-feet. 
Jane  30,  gage  height,  4.55  feet;  discharge,  1,858  second-feet. 
Jaly  19,  gage  height,  3.90  feet;  discharge,  1,187  second-feet. 
Aagast  10,  gage  height,  3.50  feet^  discharge,  869  second-feet. 
September  10,  gage  height,  3.20  feet;  discharge,  533  second-feet. 
October  30,  gage  height,  3.20  feet;  discharge,  491  second-feet. 

Daily  gage  height f  in  feet,  of  West  Gallatin  Jiiver  at  Salesville,  Montana,  for  2S97. 


D»y. 


Apr. 


May. 


1. 
2. 
3. 
4. 
5. 

e. 

7. 

8. 

9. 
10. 
11. 
12. 
13. 
14. 
16. 
16. 
17. 
18. 
10. 
20. 
21. 
22. 
23. 
M. 
25. 
26. 
27. 
28. 
29. 
30. 
31. 


2.90 

2.90 

2.9U 

2.90 

2.90 

2.90 

2.90 

2.90 

2.95 

3.00 

3.00 

2.90  ' 

2.00  { 

:j.  05  1 

3.10  ! 

3.20  ! 

3.35 

3.  50 

3.55 

3.40 

3.40 

3.45 

3.45 

3.40 

3.60 

3.«0 

3.95 

4.00 

3.95 


4.15 
4.85 
4.65 
4.95 
5.15 
5.25 
5.85 
5.75 
5.45 
4.85 
4.65 
4.65 
5.15 
5.40 
5.75 
6.15 
6.30 
6.30 
0.30 
6.35 
6.85 
6.70 
6.20 
6.30 
6.80 
6.70 
6.00 
6.00 
6.15 
6.30 
6.80 


Jniie. 

July. 

6.70 

4.50 

6.40 

4.50 

5.90 

4.65 

6.70 

4.40 

5.60 

4.50 

6.35 

4.40 

5.30 

4.30 

5.20 

4.40 

5.35 

4.20 

5.70 

4.15 

5.30 

4.10 

5.20 

4.00 

5.20 

4.00 

6.30 

3.05 

5.30 

3.90 

5.25 

3.90 

5.20 

3.90 

5.00 

3.90 

5.00 

3.90 

4.90 

3.85 

4.70 

3.80 

4.70 

3.80 

4.70 

3.85 

4.66 

3.80 

4.55 

8.80 

4.50 

3.85 

4.85 

8.70 

4.50 

3.65 

4.50 

3.66 

4.45 

8.00 

3.60 

Ang. 


8.60 

8.60 

3.50 

8.50 

3.50 

3.50 

8.50 

8.50 

3.50 

3.50 

3.40 

3.40 

3.40 

3.40 

8.30 

3.20 

3.20 

3.20 

3.20 

3.20 

3.20 

3.20 

3.20 

8.20 

3.20 

8.20 

8.20 

3.20 

3.20 

3.20 

8.20 


Sept. 


3.20 
3.20 
8.20 
8.30 
3.20 
3.20 
3.20 
3.20 
8.20 
8.20 
3.20 
3.20 
3.20 
3.20 
3.20 
3.20 
3.20 
3.20 
3.20 
3.20 
3.20 
3.20 
3.20 
3.20 
3.20 
3.20 
8.20 
3.20 
3.20 
3.20 


Oct. 


3.20 

3.25 

3.30 

3.20 

3.20 

3.  SO 

3.20 

3.20 

3.20 

3.20 

3.20 

8.30 

3.30 

3.30 

a20 

3.20 

3.20 

3.20 

3.20 

3.20 

3.20 

3.20 

a20 

3.20 

3.20 

3.20 

3.20 

3.20 

3.20: 

3.20  1 

3.20 


Dec. 


3.00 


100 


2« 


8.00 


3.30 


DRAINAGE    BASIN   OF   UPPER   MISSOURI   RIVER.  67 

BOZEHAN   STATION  ON  MIDDLE   CREEK. 

This  station^  described  iu  the  Eighteenth  Annual  Report,  Part  lY, 
[)age  127,  is  located  in  Middle  Creek  Canyon,  9  miles  from  Bozeman, 
Sdontana,  and  one-eighth  of  a  mile  above  the  old  sawmill  dam  on  the 
road  from  Bozeman.  The  gage  is  about  half  a  mile  upstream  from  the 
small  footbridge  which  has  been  placed  across  the  stream  for  conven- 
ience in  making  discharge  measurements.  It  consists  of  a  vertical 
post,  4  inches  square,  secured  to  a  tree  stump  and  protected  by  the 
latter  from  the  full  force  of  the  current.  The  bench  mark  consists  of  a 
spike  driven  horizontally  into  a  stump  5  feet  high,  about  80  feet  east  of 
the  gage  rod.  The  middle  of  this  spike  is  at  an  elevation  of  7.03  feet 
of  the  gage.  Another  bench  mark  consists  of  an  8-inch  bridge  spike 
Iriven  horizontally  into  a  charred  stump  about  25  feet  northeast  of  the 
gage.  The  top  of  the  spike  is  at  an  elevation  of  3.58  feet.  A  third 
bench  mark  consists  of  a  large  rock  93  feet  east  of  the  gage,  marked 
^'  B.  M.^  in  black  paint.  It  is  4.84  feet  above  datum.  Gage  heights 
were  not  taken  in  1897,  owing  to  the  impossibility  of  securing  an 
observer  at  moderate  expense.  The  following  measuremeiits  were 
made  during  1897  by  Koe  Emery: 

May  3,  gage  height,  1.20  feet ;  discharge,  174  second- feet. 
May  21,  gage  height,  1.20  feet;  discharge,  340  second-feet. 
June  4,  gage  height,  0.80  foot;  discharge,  233  second-feet, 
June  21,  gage  height,  0.70  foot;  discharge,  184  second- feet. 
July  6^  gage  height,  0.65  foot;  discharge,  133  second-feet. 
July  19,  gage  height,  0.50  foot;  discharge,  108  second-feet. 
August  1,  gage  height,  0.40  foot;  discharge,  54  second-feet. 
August  10,  gage  height,  0.30  foot;  discharge,  44  seoond-feet. 
September  20,  gage  height,  0.25  foot;  discharge,  42  second-feet. 
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OPERATIONS   AT   RIVEE   STATIONS,  1807. 


LOaAN  STATION  ON  GALULTIN  BIYEB. 

This  station,  described  in  the  Eighteenth  Annnal  Beport,  Part  lY, 
page  128,  is  located  at  Logan,  Montana,  near  the  month  of  Gallatin 
Eiver.  The  wire  gage  is  placed  in  the  east  span  of  the  railroad  bridge 
and  fastened  to  the  guard  rail  on  the  upper  side.  The  distance  from 
the  outside  edge  of  the  pulley  to  the  end  of  the  rod  is  1  foot;  from  the 
end  of  the  weight  to  the  index  marker  18.40  feet.  Bench  mark  1  is 
the  top  of  the  northeast  corner  of  the  iron  plate  at  foot  of  diagonal  end 
member  of  truss,  east  end,  upper  side,  and  is  13.70  feet  above  datum. 
Bench  mark  2  consists  of  the  head  of  a  bridge  spike  driven  vertically 
into  the  top  of  the  pile  stump,  to  which  the  lower  end  of  the  old  incliDed 
gage  is  fastened,  and  is  0.38  foot  below  the  2-foot  mark  on  the  gage. 
Discharge  measurements  are  made  from  the  cable  across  the  river  300 
feet  above  the  railroad  bridge.  The  section  is  a  good  one,  the  channel 
being  straight  for  some  distance  above  and  below  the  cable.  The  bed 
is  gravelly.  The  observer  is  James  Martin.  The  following  measore- 
ments  were  made  by  Roe  Emery  in  1897 : 

April  24y  gago  height,  1.50  feet;  discharge,  930  second-feet. 
May  i,  gage  height,  2.30  feet ;  discharge,  2,708  second- feet. 
June  7,  gage  height,  3.30  feet;  discharge,  3,811  second-feet. 
Jnly  3,  gage  height,  1.90  feet;  discharge,  1,339  second-feet. 
Jnly  16,  gage  height,  0.70  foot;  discharge,  555  second-feet. 
July  31,  gage  height,  0.70  foot;  discharge,  459  second-feet. 
September  15,  gage  height,  0.90  foot;  discharge,  526  second  feet. 
October  6,  gage  height,  0.90  foot ;  discharge,  601  second-feet. 

Daily  gaye  heiyht,  infeet^  of  Gallatin  River  at  Logan,  Montana,  for  1S97. 


Day. 

Jan. 

Feb. 

Mar. 

Apr. 

May. 

Juue. 

July. 

1 
Aug. 

1 
Sept 

Oct 

1 

Nor. 

Ik*. 

1 

(a) 
(a) 
(o) 
(a) 

(a) 
(a) 

(o) 
(a) 

(o) 
(a) 
(a) 
(a) 
(a) 
(a) 
(a) 

(a) 
(a) 
ia) 
(o) 

(o) 
(o) 
(a) 
(a) 

(a) 

(a) 

(a) 

0.95 

o.'so" 
Vio' 

'i.'25' 
"'.*70' 

"'.'95' 

i.'oo' 
i.'so* 

1.05 
1.20 
1.05 
1.15 
1.50 

i.ao 

1.10 
1.30 
1.30 
1.30 
1.30 
1.50 
1.30 
1.70 
1.90 
1.90 
1.90 
1.90 
1.90 
1.70 
1.60 
1.60 
1.50 
1.50 
1.40 
1.50 
1.60 
1.90 
1.95 
1.98 

1.95 
2.00 
2.20 
2.32 
2.65 
3.00 
3.20 
3.05 
2.70 
2.50 
2.25 
2.35 
2.62 
2.75 
3.15 
3.45 
3.75 
3.85 
3.88 
4.10 
4.28 
4.10 
3.95 
3.90 
4.30 
4.70 
3.95 
3.80 
3.85 
3.90 
3.85 

4.60 
4.20 
3.70 
3.50 
3.20 
3.10 
3.10 
3.15 
3.20 
3.30 
3.00 
3.00 
3.00 
3.10 
3.00 
2.90 
2.80 
2.70 
2.50 
2.40 
2.30 
2.20 
2.20 
2.20 
2.10 
2.00 
2.00 
2.00 
2.00 
2.00 

1.72 

1.80 

1.90 

1.82 

1.70 

1.70 

1.65 

1.50 

1.40 

1.30 

1.20 

1.10 

1.00 

.90 

.80 

.75 

.70 

.80 

1.00 

.85 

.80 

.80 

.80 

.80 

.78 

.70 

.70 

.70 

.65 

.60 

.65 

0.70 
.70 
.70 
.70 
.70 
.70 
.70 
.70 
.70 
.70 
.70 
.70 
.70 
.70 
.70 
.70 
.70 
.70 
.70 
.70 
.70 
.70 
.70 
.65 
.65 
.70 
.70 
.70 
.70 
.70 
.70 

0.70 
.70 
.78 
.82 
.80 
.80 
.80 
.80 
.80 
.80 
.80 
.80 
.80 
.80 
.80 
.90 
.90 
.90 
.90 
.90 
.90 
.90 
.90 
.90 
.90 
.00 
.90 
.00 
.80 
.80 

0.90 

1.10 

1.35 

2 

0.95 

1.15 

1   10 

1.40 

3 

1.10     1  10 

1.30 

4 

1.00 

.90 

.90 

.90 

.00 

.90 

.90 

1.00 

1.00 

1.00 

1.00 

1.00 

1.00 

1.00 

1.00 

1.00 

1.00 

1.00 

1.05 

1.10 

1.10 

1.10 

1.10 

1.10 

I.IO 

1.10 

1.10 

1.10 

1.00 

1.00 

1.00 

1.00 

1.00 

1.00 

1.00 

1.10 

1.10 

1.10 

1.10 

1.10 

1.10 

1.10 

1.20 

1.20 

1.20 

1.20 

1.30 

1.30 

1.80 

1.20 

1.10 

1.10 

1.10 

1.10 

1.20 

1 

1.30 

5 

1.20 

6 

1.25 

1.10 

7 

1.10 

8 

1.10 

9 

1.20 

100 

10 

1.00 

11 

LOO 

12 

1.00 

13 

1.30 

1.00 

14 

1.00 

15 

LIO 

16 

1.50 

1.10 

17 

1.00 

18 

1.00 

19 

(-) 

20 

1.40 

(a) 
(a) 

(o) 
(a) 

(a) 
(a) 

(o) 
(a) 

(a) 
(a) 
(a) 

(a) 

21 

l«) 

22 

(fl) 

23 

{*) 

24 

(III 

25 

Itfl 

28 

(«) 

27       

(«» 

28 

(«) 
1.C3 

29 

30 

31     

-* 

a  Frozen. 
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BEDBLUFF  STATION  ON  MAMSON  RIVER. 

This  station  is  located  at  the  ranch  of  the  observer,  Mrs.  S.  A.  Black, 
4  miles  below  the  Redblaff  iron  county  bridge  over  the  Madison,  and 
about  1^  miles  below  the  mouth  of  Cherry  Greek.  It  is  also  about  3 
miles  below  the  location  of  the  old  Eedbluif  station,  described  in 
Bulletin  No.  131,  on  page  18.  It  was  established  May  2, 1897,  at  which 
time  the  one  at  Threeforks  was  discontinued.  The  vertical  gage  is  fast- 
ened to  a  i)08t  set  firmly  into  the  bed  of  the  river,  and  braced  with  cross- 
pioces  from  the  bank.  Discharge  measurements  are  made  from  the 
iron  bridge  above.  Cherry  Creek  is  measured  at  the  same  time  as  it 
enters  between  the  gage  and  the  bridge.  The  initial  point  for  sound- 
ings is  at  the  left  abutment  of  the  bridge.  The  banks  are  high  and  do 
not  overflow.  The  bed  of  the  stream  is  rocky  and  the  current  is  quite 
swift.  The  following  are  the  discharge  measurements  made  during 
1897  by  Roe  Emery : 

Not  including  CUeiTy  Creek: 

April  21  f  gage  height,  1.70  feet;  discharge,  1,806  Recond-feet. 

May  1,  gage  height,  2.45  feet;  dischurge,  2,80.3  .second-feet. 
Inc'lndiug  Cherry  Creek: 

May  26,  gage  height,  3.70  feet;  discharge,  8,467  second- feet. 

June  19,  gage  height,  2.22  feet;  discharge,  4,191  second-fee t. 

July  1,  gage  height,  1.90  feet;  discharge,  2,794  second-feet. 

.Inly  14,  gage  height,  1.65  feet;  discharge,  2,241  second-fe«*t. 

.July  29,  gage  height,  1.50  feet;  discharge,  2,115  second-feet. 

.September  14,  gage  height,  1.40  feet;  discharge,  1,656  second-foot. 

October  4,  gage  height,  1.50  feet;  discharge,  1,940  second-feet. 

November  2,  gage  height,  1.40  feet;  discharge,  1,545  second- feet. 

Daily  gage  height,  in  feet,  of  Madiaan  Biver  at  Bedhluff,  Montana,  for  1897. 


Day. 
1 

May. 

Jane. 

July. 

3.75 
3.65 

1.92 
1.U2 

2.... 

2.08 

8.... 

2,08 

3.55 

2.00 

4.... 

2.15 

3.35 

2.00 

5... 

2.22 

3.20 

2.00 

6.... 

2.35 

2.50 

1.90 

7.... 

2.45 

2.40 

2.00 

8.... 

2.50 

2.50 

2.00 

a.... 

2.35 

2.60 

1,95 

10.... 

2.28 

2.55 

1.90 

11.... 

2.15 

2.40 

1.90 

12.... 

2.10 

2.30 

1.90 

t     13.... 

2.15 

2.30 

1.80 

,     14.... 

2.35 

2.40 

1.80 

15.... 

2.45 

2.45 

1.82 

1     l«.... 

2.65 

2.60 

1.80 

Aug. 


1.60 
l.GO 
1.60 
1.60 
1.60 
1.60 
1.50 
1.45 
1.40 
1.40 
1.40 
1.40 
1.40 
1.40 
1.40 
1.40 


^pt. 


1.40 
1.40 
1.40 
1.40 
1.40 
1.40 
1.40 
1.40 
1.40 
1.40 
1.40 
1.40 
1.40 
1.40 
1.40 
1.40 


1.40 
1.40 
1.40 
1.40 
1.40 
1.40 
1.40 
1.40 
1.40 
1.40 
1.40 
1.40 
1.40 
1.40 
1.40 
1.40 


Day. 


17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 


May. 

June. 

July. 

Aug. 

Sept. 

Oct. 

2.75 

2.50 

1.88 

1.40 

1.40 

1.30 

(a) 

2.30 

1.85 

1.40 

1.40 

i.ao 

(o) 

2.25 

1.80 

1.40 

1.40 

1.35 

(a) 

2.25 

1.85 

1.40 

1.40 

1.40 

(a) 

2.10 

1.80 

1.40 

1.40 

1.40 

(fl) 

2.05 

1.70 

1.40 

1.40 

1.40 

(a) 

2.10 

1.82 

1.40 

1.40 

1.40 

(a) 

2.00 

1.85 

1.40 

1.40 

1.50 

(a) 

2.00 

1.70 

1.40 

1.40 

1.50  . 

ia) 

2.00 

1.70 

1.40 

1.35 

1.50 

3.75 

1.94 

1.75 

1.40 

1.35 

1.50 

3.60 

1.93 

1.70 

1.40 

1.40 

1.50 

3.40 

1.90 

1,70 

1.40 

1.4U 

1.50 

3.45 

1.90 

1.70 

1.40 

1.40 

1.50 

3.55 

1.60 

1.40 

■««••* 

■••••••• 

a  Over  gage. 
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OPERATIONS   AT   RIVER   STATIONS,  1897. 


THREEFOBfS  STATION  ON  MADISON  BIVBR. 

A  description  of  this  station  was  given  in  the  Eighteenth  Annual 
Eeport,  Part  IV,  page  131.  The  gage  is  at  the  bridge  of  the  Northern 
Pacific  Eailroad  company,  one-half  mile  from  the  town  of  Threeforks. 
The  greater  part  of  the  discharge  of  the  river  flows  under  this  bridge, 
but  there  are  a  number  of  small  side  channels,  branching  off  at  points 
above,  through  which  considerable  water  flows,  especially  in  time  of 
flood.  For  this  reason  the  station  was  discontinued  on  the  1st  of  May 
and  one  established  at  the  Red  bluff  iron  bridge,  30  miles  above.  A 
measurement  was  made  June  8, 1897,  which  gave  a  discharge  of  4,316 
second-feet,  at  the  same  time  the  sloughs  were  discharging  1,568  second- 
feet  additional.  The  gage  is  inclined,  the  zero  being  14.11  feet  below 
the  top  of  the  rail  on  the  east  end  of  the  bridge. 

Daily  gage  height,  in  feet,  of  Madieon  Bitfer  at  Threeforks,  Montana,  for  1897. 


Day. 

Jan. 

Feb. 

2.30 
2.30 
2.30 
1.00 
2.00 
1.70 
1.30 
1.30 
1.30 
1.20 

Mar. 

Apr. 

May. 

Day. 

Jan. 

Feb. 

0.90 
.90 
.90 
.99 
.90 
.90 
.90 
.90 
.90 
.90 

Mar. 

Apr. 

May. 

1 

0.90 
.90 
.80 
.80 
.70 
.70 
.00 
.00 
.00 
.00 

1.00 

1.00 

1.00 

2.00 

2.00 

1.05 

1.03 

.50 

.40 

.40 

1.50 

17 

18 

19 

20 

21 

22 

23 

24 

25 

20 

1.00 

1.50 

1.40 

1.30 

1.20 

1.00 

.90 

.90 

1.00 

.80 

0.00 
.00 
.60 
.70 
.70 
.50 
.50 
.40 
.40 
.30 

0.50 
.50 

2 

3 

.70  ::::::-.! 

4 

.70 
.60 
.00 
.70 
.70 
.80 
.80 

.... 

........ 

........ 

5 

6 

7 

8 

9 

10 

2.00 

11 

1.51 

1.20 

.00 

.50 

27 

.80 

.90 

.20 

.90 

12 

2.25 

1.00 

.50 

.55 

28 

.80 

.90 

.80 

LOO 

13 

1.00 

1.00 

.50 

.40 

29 

.80 

.80 

1.30 

_ 

14 

2.00 

.90 

.00 

.40 

30 

.80 

.90 

1.40 

15 

1.00 

.90 

.00 

.40 

31 

1.30 

.90 

•  •  «  •  •  ^  * 

16 

1.00 

.85 

.00 

.50 

i    •   i 
i      1 

SAPPINOTON  STATION  ON  .TEPFBBSON  RIVEB. 

This  station  is  described  in  the  Eighteenth  Annual  Report,  Part  IV, 
page  134.  The  wire  gage  is  fastened  to  the  guard  rail,  on  the  upper 
side,  in  the  east  span  of  the  Northern  Pacific  Eailroad  bridge,  one-fourth 
of  a  mile  north  of  Sappiiigton  station,  Montana.  The  outside  edge  of 
the  i)ulley  is  0.2  foot  from  the  end  of  the  rod.  The  distance  from  the  end 
of  the  weight  to  the  index  marker  is  16  feet.  Bench  mark  1  consists 
of  a  6-inch  wire  nail  driven  horizontally  in  the  east  side  of  the  blocking 
which  forms  the  soath  abutment  of  the  railroad  bridge,  and  is  6.9  feet 
on  the  gage.  Bench  mark  2  is  a  6-inch  wire  nail  driven  horizontally 
into  a  telegraph  pole  about  30  feet  south  and  east  of  the  south  abut- 
ment  of  the  bridge,  and  is  at  an  elevation  of  7  feet  on  the  gage.  Bench 
mark  3  is  the  head  of  the  northwest  bolt  fastening  the  switch  standard 
to  the  cross-tie,  30  feet  east  of  the  bridge.  Its  elevation  is  15.67  feet 
On  November  3, 1897,  the  rod  was  lowered  0.8  foot,  by  placing  its  end 
that  distance  nearer  the  pulley,  thus  making  the  pulley  distance  0.2 
foot,  subsequent  readings  being  adjusted  to  the  old  position.     The 
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section  is  good,  being  straight  for  some  distance  above  and  below  the 
cable.  The  bed  of  the  river  is  gravelly.  The  observer  is  Clem  Piper, 
storekeeper,  address.  Sand  Creek,  Montana.  The  following  discharge 
measurements  were  made  during  1897  by  Eoe  Emery: 

April  26,  gage  height,  2.60  feet;  discharge,  3,571  second -feet. 

^Ay  6,  gage  height,  3.85  feet;  discharge,  8,293  second-feet. 

Jaly  2,  gage  height,  2.10  feet ;  discharge,  3,321  second-feet. 

July  15,  gage  height,  1.30  feet;  discbarge,  2,077  second-feet. 

July  30,  gage  height,  0.80  foot;  discharge,  1,116  second-feet. 

September  14,  gage  height,  0.40  foot;  discharge,  841  second-feet. 

October  5,  gage  height,  0.50  foot ;  discharge,  920  second-feet. 

Gage  heights  at  Sappington ;  discharge  measured  at  bridge  at  Throe  Forks : 

May  27,  gage  height,  4.20  feet;  discharge,  9,704  second-feet. 

June  8,  gage  height,  2.65  feet;  discharge,  4,638  second-feet. 

Dailtfgage  heighij  in  ftet,  of  Jefferson  River  at  Sappington,  Montana,  for  1897, 


Day. 


1. 

2 

3 

4 

5 

6 

7 

8 

9 
10 
11 
12 
13 
U 
16 
16 
17 
18 
19 
20 
21 
22 
33 
24 
25 
26 
27 
28 
29 
30 
31 


1.00 


.05 


1.00 


1.00 


3.90 


2.60 
3.00 
3.35 
8.10 
3.05 


May. 
2.05 

Jane. 

3.65 

3.10 

3.75 

3.35 

3.  GO 

3.50 

3.40 

3.75 

3.25 

4.00 

3.05 

4.45 

2.85 

4.30 

2.65 

4.35 

2.60 

3.95 

2.60 

3.60 

2.45 

3.35 

2.25 

3.30 

2.00 

3.45 

1.90 

3.55 

1.85 

3.80 

1.90 

3.95 

2.10 

4.30 

2.25 

4.50 

2.30 

4.50 

2.25 

4.50 

2.15 

4.45 

1.95 

4.40 

1.80 

4.15 

1.80 

4.00 

1.95 

4.05 

2.00 

4.20 

1.95 

4.10 

2.05 

3.85 

2.25 

3.65 

2.20 

3.40 

•Tnly. 


2.10 
2.00 
2.20 
2.35 
2.40 
2.30 
2.20 
2.10 
2.00 
2.00 
1.85 
1.65 
1.55 
1.40 
1.25 
1.20 
1.05 
1.10 
1.20 
1.20 
1.15 
1.10 
1. 10 
1.10 
1.10 
1. 05 
1.00 
.05 
.85 
.80 
.70 


0.70 
.70 
.60 
.60 
.60 
.60 
.50 
.50 
.50 
.50 
.50 
.40 
.40 
.30 
.30 
.30 
.25 
.20 
.20 
.20 
.20 


Sept 


—0.10 
—  .10 


Oct 


Nov. 


.10 
.10 
.10 
.10 


+ 


.10 
.10 
.10 
.20 
.20 
.25 
.30 
.30 
.20 
.30 
.30 
.40 
.40 
.40 
.40 
.40 
.40 
.40 
.40 
.35 
.30 
.30 
.30 
.30 
.30 
.30 
.30 
.30 


0.30 
.30 
.45 
.50 
.50 
.50 
.50 
.50 
.50 
.50 
.50 
.iiO 
.50 
.50 
.55 
.00 
.60 
.60 
.60 
.60 
.60 
.65 
.70 
.80 
.80 
.80 
.80 
.80 
.70 
.70 


.60 


.GO 


Dec. 


1.60 


1.00 


1.90 


1.80 


1.90 


(o) 


River  frozen  Jau.  1  to  Apr.  1. 


a  Frozen. 
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OPERATIONS   AT   UIVEH    STATIONS,  1897. 


GBEA^T  PALLS   STATION  ON  SUN  RIVEB. 

This  Btatiou  is  located  on  Sun  Eiver,  10  miles  above  its  month,  at 
Great  Falls,  Montana.  It  is  at  the  dam  of  the  Priest  Itapids  Water 
Power  and  Irrigation  system.  The  vertical  rod  with  its  zero  corre- 
sponding to  the  crest  of  the  dam  is  fastened  to  the  north  abutment 
The  observer  is  Mr.  I.  S.  Corson,  Great  Falls,  Montana.  A  discharge 
measurement  made  July  4, 1897,  at  the  highway  bridge  5  miles  above 
the  dam  gave  a  discharge  of  2,108  second-feet.  On  August  28  a  meas- 
urement was  niade  at  the  wagon  bridge  in  the  outskirts  of  West  Great 
Falls  about  one-half  mile  above  the  junction  of  Sun  and  Missouri 
rivers.  The  gage  height  was  0.30  foot  and  the  discharge  362  second- 
feet. 

J>aily  gage  lieight,  in  feet,  of  Sun  Rirer  near  Great  Falls,  Montana,  for  1S97. 


Day. 


1. 
2. 
8. 
4. 

5. 

6. 

7. 

8. 

0. 
10. 
11. 
12. 
13. 
14. 
16. 
16. 


July.   I    Aug. 


1.07 
1.09 
1.00 
LOG 
1.04 
1.02 


0.04 
.61 
.62 
.64 
.06 
.65 
.96 
.67 
.08 
.68 
.67 
.66 
.68 
.68 
.69 
.00 


Sept. 


0.32 
.32 
.37 
.80 
.40 
.40 
.iO 
.39 
.40 
.40 
.42 
.44 
.43 
.46 
.48 
.50 


Oct. 


0.50 
.52 
.50 
.49 
.50 
.49 
.40 
.49 
.50 
.50 
.52 
.52 
.52 
.50 
.50 
.52 


Day. 


July. 


Aujf. 


17 
18 
19 
20 
21 
22 
23 
24 
23 
26 
27 
28 
29 
30 
31 


Sept. 


Oct. 


1.06 

0.71 

0.49 

0.51 

1.02 

.72 

.46 

.50 

.90 

.62 

.46 

.50 

.94 

.60 

.46 

.51 

.90 

.58 

.48 

.54 

.90 

.52 

.46 

.54 

.88 

.50 

.48 

.52 

.86 

.48 

.48 

.51 

.86 

.44 

.46 

.52 

.84 

.39 

.46 

.53 

.82 

.36 

.46 

.53 

.78 

.32 

.46 

.53 

.73 

.80 

.46 

.54 

.68 

.30 

.48 

.53 

.64 

.32 
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CHINOOK  STATION    ON  MILK  RITER. 

This  station  is  located  at  the  wagon  bridge  over  Milk  Biver^  1  mile 
ionth  of  Chinook;  Montana.  It  was  established  May  25,  1897.  The 
^age  rod  consists  of  a  vertical  timber,  marked  in  feet  and  tenths,  nailed 
bo  the  sonth  abntment  of  the  bridge.  The  bench  mark  is  the  top  of  the 
inside  tie  rod  directly  over  the  gage  and  is  at  an  elevation  of  18.0  feet. 
Fhe  measurements  at  this  point  do  not  give  the  total  discharge  of  the 
river,  as  qnite  a  large  canal,  that  of  the  Fort  Belknap  Irrigation  Gom- 
[>any,  is  taken  out  about  10  miles  above  the  station.  The  observer  is 
Pred  E.  Neill,  rancher.  Discharge  measurements  during  1897  were 
made  by  Eoe  Emery  as  follows: 

May  25,  gage  height,  1.40  feet;  discharge,  110  Hecoiid-feet. 
Jaly  3,  gage  height,  2.30  feet;  discharge,  460  second-feet. 
NoYember  10,  gage  height,  0.72  foot;  discharge,  34  second-feet. 


Daily  gage  heighty  in  feet,  of  Milk  River  at  Ckinookf  MonianUffar  1897. 
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LIVINGSTON  STATION  ON  YELLOWSTONE  RIVER. 

This  station  is  located  at  the  highway  bridge  over  the  Yellowstone 
Biver,  5  miles  soath  of  Livingston,  Montana,  at  the  month  of  the 
canyon.  It  was  established  May  2, 1897,  a  vertical  rod  fastened  to  the 
face  of  the  pier  being  first  used.  A  wire  gage  was  afterwards  estab- 
lished. Length  of  cable  18.30  feet;  policy  distance,  0.58  foot.  The 
bench  mark  is  the  head  of  the  2-inch  nut  on  the  center  pin  at  the  foot 
of  the  end  diagonal  of  the  truss,  east  pier,  npper  side,  and  is  13.44  feet 
above  datum.  The  left  bank  is  high,  and  will  not  overflow.  The  right 
bank  is  low,  and  during  floods  a  part  of  the  water  escapes  through  a 
slough  on  that  side,  and  has  to  be  measured  separately.  The  observer 
is  Thos.  S.  Carter,  rancher.  The  following  discharge  measurements 
were  made  by  Roe  Emery  during  1897 : 

April  30,  gage  height,  1.40  feet;  discharge,  3,270  second-feet. 
May  17,  gage  height,  4.50  feet;  discharge,  14,127  second-feet. 
Jane  15,  gage  height,  5.15  feet;  discharge,  16,282  second-feet. 
June  23,  ga^e  height,  4.50  feet;  discharge,  13,209  second-feet. 
July  8,  gage  height,  3.85  feet;  discharge, *6,611  second-feet. 
July  24,  gage  height,  3.00  feet;  discharge,  5,971  second-feet. 
August  4,  gage  height,  2.65  feet;  discharge,  4,657  second-feet. 
September  23,  gage  height,  1.40  feet;  discharge,  2,121  second-feet. 
November  8,  gage  height,  0.90  foot;  dischar|i:e,  1,394  second-feet. 


Daily  gage  height,  infect,  of  Yellowstone  Biver  at  Litingston,  Montana,  for  tS37. 
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MISOELULNEOUS  BISOHARGE  MEASUREMENTS  IN  MONTANA. 

During  1897  a  number  of  discharge  measarements  shown  below 
were  made  on  streams  in  the  immediate  vicinity  of  Bozeman,  Montana, 
by  Boe  Emery  and  others,  at  points  where  no  gage  rods  were  established : 

Bozeman  Creek, — May  12,  discharge,  91  second-feet ;  May  29,  discharge,  60  second- 
feet  ;  Jnne  22,  discharge,  21  second- feet ;  Jnly  10,  discharge,  21  second-feet ;  July  23, 
discharge,  30  second-feet;  Angnst  9,  discharge,  21  second-feet;  September  7,  dis- 
charge, 21  seoond-feet ;  September  27,  discharge,  12  second-feet. 

Bockg  Creek, — May  12,  discharge,  143  second- feet;  May  29,  discharge,  74  second- 
feet;  June  22,  discharge,  38  second-feet;  July  10,  discharge,  23  second- feet;  July  25, 
discharge,  24  second-feet;  August  9,  discharge,  15  seoond-feet;  September  11,  dis- 
charge, 12  second-feet. 

Shielde  River* — ^These  measurements  were  made  at  the  bridge  near  the  mouth  of 
the  river,  5  mUes  east  of  Livingston:  May  17,  discharge,  1,708  second-feet;  June  15, 
discharge,  883  second-feet ;  June  23,  discharge,  722  second-feet ;  July  8,  discharge, 
798  second-feet;  July  24,  discharge,  315  second- feet;  August  5,  discharge,  117  second- 
feet  ;  September  22,  discharge,  59  second-feet. 


MEETEETSE   STATION  ON   GREY  BULL  RIVER. 

This  station  is  located  at  the  highway  bridge  in  the  town  of  Mee- 
teetse,  Wyoming.  The  rod  is  fastened  to  the  first  pier  from  the  south 
bank  of  the  river.  The  bed  of  the  river  is  of  sandstone  and  but  few 
places  can  be  found  on  the  stream  where  the  water  is  not  a  torrent 
during  May  and  June.  The  channel  is  straight.  The  rod  was  estab- 
lished by  J.  E.  Hill  in  May,  1897.    A.  G.  Thomas  is  the  observer. 

The  following  discharge  measurements  were  made  by  Elwood  Mead 
and  O.  T.  Johnston  during  1897 : 

June  11,  gage  height,  4.70  feet;  discharge,  1,435  second-feet. 
August  23,  gage  height,  2.60  feet ;  discharge,  147  second-feet. 
August  26,  gage  height,  2.65  feet;  discharge,  158  second- feet. 

Daily  gage  height,  in  feet,  of  Grey  Bull  Biver  at  Meeieetse,  Wyoming,  for  1897. 
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LOVBLL  STATION  ON  SHOSHONE  BIYEB. 

This  station  is  located  at  Lovell,  Wyoming,  and  was  established  May 
23, 1897.  The  observer  is  Henry  Oockrell.  The  rod  is  securely  fastened 
to  the  landing  pier  of  the  Lovell  ferry  on  the  south  side  of  the  river. 
The  channel  is  straight  for  some  distance  above  and  below  the  rod 
and  a  cross  section  there  has  a  uniform  depth.  The  bed  of  the  river  is 
stable. 

The  following  discharge  measurements  were  made  by  El  wood  Mead 
and  C.  T.  Johnston  in  1897 : 

May  24,  gage  height,  2.70  feet;  discharge,  8,736  second-feet. 
June  2,  gage  height,  2.40  feet;  discharge,  7,310  second -feet. 
September  15,  gage  height,  — 0.70  foot;  discharge,  363  second-feet. 

Ikiily  gage  height,  in  feet,  of  Shoshone  River  at  Lovell,  Wtfoming,  for  1897, 
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SHERIDAN  STATIONS  ON  BIG  AND  LITTLE   GOOSE   CREEKS. 

These  stations  are  described  in  the  Eighteenth  Annual  Beport,  Part 
[Y,  pages  136  and  137.  The  gage  on  Little  Goose  Greek  is  located  at 
Broadway  bridge  in  the  town  of  Sheridan,  Wyoming,  and  about  1,000 
feet  above  the  mouth  of  the  creek.  The  gage  rod  is  firmly  fastened  to 
bhe  piles  of  the  bridge.  The  channel  is  shifting,  being  composed  of  clay 
and  gravel. 

The  station  on  Big  Goose  Greek  is  located  in  the  northern  ])art  of 
Sheridan,  at  the  Fifth  avenue  bridge  crossing.  The  rod  is  securely 
fastened  to  the  bridge  piles  and  protected  from  injury  by  driftwood 
or  ice.  The  channel  is  shifting,  composed  of  clay  and  gravel.  The 
station  is  below  the  mouth  of  Little  Goose  Greek.  The  observer  for 
both  stations  is  Felix  G'Gonnor.  No  measurements  of  discharge  were 
made  of  either  creek  in  1807. 


Daily  gage  height,  in  feet,  of  Big  Goose  Creek  at  Sheridan,  Wyoming,  for  1897, 
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BUFFALO  STATION  ON  GLEAB  GBBBK. 

This  station,  described  in  the  Eighteenth  Annual  Report,  Part  lY, 
page  138,  is  located  about  4  miles  west  of  Buffalo,  Wyoming,  thecuanty 
seat  of  Johnson  County,  on  what  was  formerly  the  Fort  McKinney 
Military  Eeservation.  The  observer  is  Fred  Bond.  Measurements 
were  begun  in  1889,  in  which  year  a  substantial  measuring  flume  was 
placed  in  the  channel  of  the  stream.  This  flume  is  24  feet  long,  30  feet 
wide,  with  sides  7  feet  high,  and  with  wings  at  the  sides  and  a  pitcbed 
apron  at  the  upper  end  12  feet  long.  The  floor  is  set  level  in  all  direc- 
tions, the  upstream  edge  being  even  with  the  grade  of  the  creek  chan- 
nel, and  the  lower  3  or  4  inches  above.  It  cost  $300,  and  althoagh 
subjected  to  rough  usage  through  the  practice  of  floating  cord  wood 
and  timber  down  the  stream,  it  is  still  uninjured,  and  permits  of  more 
accurate  measurements  than  can  be  obtained  at  any  other  gaging 
station  in  the  State.  The  following  discharge  measurements  were 
made  by  Fred  Bond  during  1897 : 

Janaary  3,  gage  height,  0.35  foot;  discharge,  20  second-feet. 
Febraary  7,  gage  height,  0.30  foot;  discharge,  17  second- feet. 
March  10,  gage  height,  0.40  foot ;  discharge,  25  second- feet. 

Daily  gage  height j  in  feet,  of  Clear  Creek,  at  Buffalo,  Wyoming,  for  JS97. 


Dec. 


2 
3 


6 
7 
8 
0 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
2i 
25 
26 
27 
28 
29 
30 
31 


Day. 


Apr. 


1.35 


1.15 


May. 

June. 

July. 

2.22 

1.80 

1.30 
1.16 

1.22 

1.22 

1.51 

1.05 

1.33 

1.42 

.05 

1.45 

1.40 

1.00 

1.56 

1.47 

LOS 

1.03 

1.28 

1.05 

1.79 

1.38 

1.00 

1.51 

1.57 

1.00 

1.33 

1.40 

.00 

1.22 

1.80 

.90 

1.17 

1.36 

.90 

1.20 

1.28 

.90 

1.25 

1.29 

.90 

1.44 

1.80 

.90 

1.57 

1.30 

.90 

1.60 

1.30 

.85 

1.60 

1.30 

.85 

1.86 

1.30 

.90 

1.35 

1.30 

.90 

2.16 

1.30 

.95 

1.89 

1.15 

.90 

1.68 

1.20 

.05 

1.71 

1.40 

.95 

1.03 

1.35 

.90 

1.07 

1.30 

.85 

1.70 

1.25 

.75 

1.54 

1.20 

.75 

1.56 

1.25 

-70 

1.56 

1.30 

.65 

1.62 

.65 

Aug. 


0.65 
.60 
.66 
.65 
.65 
.65 
.70 
.70 
.70 
.75 
.80 
.75 
.70 
.70 
.70 
.70 
.66 
.65 
.65 
.65 
.60 
.60 
.60 
.60 
.55 
.55 
.55 
.55 
.55 
.56 
.56 


Sept. 


Oct.       Nov. 


0.50 
.50 
.50 
.50 


0.45 


.45 


.50 


0.40 


dti 


,45 


.46 


.45 

.60 
.60 
.00 
,50 


.«> 


40 


.40 
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CBAWPORD  STATION  ON  WHITE  RIVER. 

This  station  is  about  6  miles  southwesterly  from  Crawford,  Nebraska, 
near  the  line  of  the  Fremont,  Elkhoru  and  Missouri  Valley  Bailroad. 
It  was  established  on  June  2G,  1897»  by  O.  Y.  P.  Stout.  The  gage  is 
placed  against  a  stop  gate  in  the  canal  of  the  Crawford  Water  Power 
and  Irrigation  Company,  about  one-eighth  of  a  mile  below  the  head. 
All  the  water  of  White  Biver  is  diverted  into  this  canal,  and  only  an 
insignificant  amount  escapes  between  the  head  of  the  canal  and  the 
gage.  The  gage  was  placed  by  the  canal  company  and  is  a  vertical 
rod  graduated  to  tenths  of  a  foot.  The  observer  is  George  Barclay, 
ditch  rider  for  the  canal  company.  Discharge  measurements  were 
made  by  O.  V.  P.  Stout  and  A.  B.  McCoskey  in  1897,  as  follows: 

Jane  26,  gage  height.  0.42  foot;  discharge,  14.4  second-feet. 
July  21,  gage  height,  0.62  foot;  discharge,  14.2  second-feet. 
August  14,  gage  height,  0.60  foot;  discharge,  12.1  second-feet. 
September  6,  gago  height,  O.iO  foot;  discharge,  8.9  second-fcct. 
September  20,  gago  height,  0.C2  foot;  discharge,  10.4  second- feet. 
September  21,  gage  height,  O.&l  foot;  discharge,  11  second-feet. 
October  18,  gage  height,  0.89  foot;  discliargo,  15  second-feet. 
November  5,  gage  height,  0.92  foot;  discharge,  16  second- feet. 

Daily  gaye  height,  in  feet ^  of  White  Biver  at  Crawford ,  XehraHka^  for  1S97, 


Day. 


July. 


1. 

2. 

3. 

4. 

5. 

6. 

7. 

8. 

0. 
10. 
11. 
12. 
13. 
14. 
15. 
16. 


0.40 
.30 
.40 
.35 


Aug. 


Sept. 


0.40 
.40 
.60 
.70 
.70 
.70 
.60 
.60 
.70 
.70 
.70 
.60 
.55 
.60 
.60 
.60 


Oct. 


Bay. 


0.40 
.40 
.40 
.40 
.40 
.43 
.40 
.43 
.50 
.63 
.65 
.70 
.65 
.63 
.63 
.60 


0.71 
.70 
.70 
.75 
.73 
.76 
.77 
.76 
.68 
.73 
.75 
.82 
.86 
.82 
.84 
.81 


17. 
18. 
]0. 
20. 
21. 
I!  22. 
23. 
24. 
25. 
26. 
27. 
28. 
29. 
30. 
31. 


July. 

Ang. 

Sept. 

Oct 

0.30 

0.60 

0.70 

0.90 

.5r> 

.60 

.62 

.89 

.80 

.00 

.68 

.87 

.70 

.50 

.60 

.89 

.60 

.50 

.63 

.00 

.55 

.55 

.68 

.90 

.55 

.50 

.05 

.88 

.50 

.50 

.68 

.88 

.65 

.50 

.09 

.82 

.55 

.40 

.70 

.82 

.55 

.45 

.00 

.82 

.65 

.40 

.00 

.91 

.60 

.40 

.69 

.91 

.50 

.45 

.70 

.91 

.45 

.45 
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PORT   NIOBRARA  STATION   ON  NIOBRARA   RIYSR. 

This  station  was  established  July  22,  1897,  by  O.  Y.  P.  Stout.  It  is 
about  three-quarters  of  a  mile  southwesterly  from  Fort  Niobrara  and 
about  3  miles  east  of  Yalentiue,  Nebraska.  The  gage  is  an  oak  rod 
2  by  4  inches,  graduated  to  tenths  of  a  foot,  and  fastened  in  a  vertical 
position  by  lag  screws  to  a  plumb  post  in  the  trestle  bent  which  serves 
as  the  west  pier  of  the  bridge.  The  zero  of  the  gage  is  9.08  feet  below 
the  top  of  the  short  cap,  at  the  shoe  of  the  north  truss  at  the  west  end 
of  the  bridge;  it  is  also  8.09  feet  below  the  top  of  the  north  end  of  the 
long  pile  cap,  below  tho  cax)  above  noted;  and  also  9.17  feet  lower  than 
the  top  of  the  west  side  of  the  iron  cap  of  the  north  cylinder  of  the 
center  pier  of  the  bridge.  The  observer  is  Giaoomo  Bevilaqua,  private, 
Company  F,  Twelfth  United  States  Infantry.  Discharge  measurements 
were  made  by  O.  V.  P.  Stout  and  Adna  Dobson  in  1897,  as  follows: 

Jane  24,  gage  height,  0.59  foot;  discharge,  925  secoud-feet. 
July  22,  gage  height,  0.48  foot ;  discharge,  883  secoud-feet. 
August  15,  gage  height,  0.38  foot;  discharge,  703  secoud-feet. 
September  5,  gage  height,  0.46  foot;  discharge,  730  secoud-feet. 
October  16,  gage  height,  0.21  foot ;  discharge,  845  secoud-feet. 

Daily  gage  height,  in  feet,  of  Niobrara  liiver  at  Fort  Niobrara,  Nebra8ka,for  IS77. 


Day. 


1. 
o 

3. 
4. 
5. 


6. 

7. 

8. 

9. 
10. 
11. 
12. 
13. 
U. 
15. 
10. 


Jul  J' 


Auij. 


0.33 
.30 
.45 
.41 
.50 
.50 
.46 
.47 
.40 
.50 
.34 
.40 
.36 
.37 
.36 
.29 


Sept. 


0.41 
.38 
.36 
.41 
.46 
.41 
.39 
.34 
.45 
.47 
.45 
.45 
.49 
.50 
.42 
.45 


Oct. 


0.42 
.40 
.40 
.40 
.40 
.38 
.35 
.30 
.31 
.32 
.32 
.26 
.27 
.23 
.21 
.20 


17. 
18. 
19. 
20. 
21. 
22. 
23. 
24. 
25. 
20. 
27. 
28. 
29. 
30- 
31. 


Day. 


July. 


0.51 
.46 
.50 
.44 
.41 
.44 
.44 
.44 
.40 
.40 


xVug.       Sept.  I    Oct. 


0.30 
.32 
.31 
.31 
.30 
.39 
.38 
.34 
.31 
.32 
.32 
.32 
.31 
.32 
.39 


0.41 

0.17 

.37 

.20 

.39 

.15 

.36 

.U 

.38 

.12 

.45 

.19 

.45 

.22 

.46 

.23 

.48 

.28 

.45 
.44 


.37 
.29 

•  •» 
.15 
.12 
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WOODS  LANDING  STATION  ON  LARAMIE  RIVER. 

is  station,  described  in  the  Eighteenth  Annual  Itei)ort,  Part  FV, 
145,  is  located  at  Woods  Landing,  Wyoming,  26  miles  from 
nie,  Wyoming,  and  reached  by  stage.  The  measurements  of  dis- 
^e  are  made  from  a  wagon  bridge  which  spans  the  river  at  a  point 
3  400  feet  below  the  location  of  the  gage  rod.  The  bottom  of  the 
m  is  composed  of  large  granite  bowlders.  This  character  of  bot- 
whilc  it  renders  the  shape  and  slope  of  channel  practically 
ingeable,  at  the  same  time  adds  an  element  of  uncertainty  to  the 
ig  results,  especially  at  low-water  stages.  The  permanent  gage 
\  fixed  to  a  perpendicular  post  set  firmly  in  the  bed  of  the  stream 
traced  at  the  top  to  adjacent  trees.  It  stands  about  4  feet  from 
ver  bank  in  a  position  which  protects  it  from  drift.  The  bench 
is  a  nail  head  in  a  notch  on  a  cottonwood  tree,  1  foot  in  diameter, 
i  from  the  rod,  and  is  level  with  the  7-foot  mark  on  the  rod.  The 
ver  is  S.  S.  Wood.  Tlie  following  discharge  measurements  were 
by  C.  T.  Johnston  in  1897: 

1 10,  gago  height;  0.70  foot;  discharge,  69  80coDd-f<^et. 
12,  gago  height,  2.30  feet;  diHcharge,  1,110  serond-feet. 
25,  gago  height,  4.10  feet;  discharge,  3,538  seeoud-fcet. 
s  1,  gage  height,  3.60  feet;  discharge,  2,509  second- feet. 
)  2,  gago  height,  3.75  feet;  discharge,  2,651  second-feet. 
)  14,  gago  height,  2.65  feet ;  discharge,  1,432  sccond-fec^t. 
)  26,  gage  height,  2.00  feet ;  discharge,  707  second-feet. 
)  27,  gage  height,  2.00  feet;  discharge,  706  Hecond-feet. 

ly  gage  height  j  in  feet,  of  Laramie  Jiiver  at  Woods  Landing,  Wyoming  y  for  1S97. 


Apr. 
0.50 

May. 
1.65 

! 
June.  July. 

1       ^ 

Aug. 

3.70 

1.70 

0.95 

.60 

1.75 

3.70 

1.70 

.90 

.45 

1.85 

3.85 

1.60 

.95 

.50 

2.05 

3.55 

1.50 

1.15 

.45 

2.30 

3.20 

1.40 

1.00 

.60 

2.66 

2.85 

1.35 

1.00 

.60 

2.86 

2.65 

1.30 

.90 

.60 

2.95 

2.65 

1.30 

.90 

.60 

2.90 

2.90 

1.40 

1.00 

.60 

2.86 

3.20 

1.50 

1.00 

.70 

2.45 

3.15 

1.60 

.90 

.70 

2.25 

3.25 

1.50 

.90 

.75 

2.40 

3.15 

1.15 

.80 

.85 

2.55 

3.05 

1.40 

.80 

.90 

2.65 

3.15 

1.30 

.80 

.90 

2.90 

3.05 

1.30 

.80 

i  I 

Sept.     i    Day.   I  Apr. 


May. 


•Judo, 


July.  .An;;:.  I  Sept. 


0.70 
.70 
.70 
.70 
.70 
.70 
.70 

-.70 
.70 
.70 
.70 
.70 
.70 
.70 
.70 
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17 

Its.  •  •  •  • 

19 

20 

21 

22 

23 

24 

25 

26 

27 

28 

29 

30 

«f  1 . .  •  • , 


.85 

3.05 

2.95 

1.30 

1 
0.80  1 

1.00 

3.15 

2.75 

1.50 

.80  1 

1.10 

3.30 

2.55 

1.50 

.80 

1.20 

3.55 

2.45 

1.40 

.80 

1.25 

3.70 

2.35 

1.30 

.80 

1.10 

3.80 

2.25 

1.25 

.70 

1.05 

3.00 

2.20 

1.20 

.70 

1.05 

3.85 

2.10 

1.10 

.70 

1.00 

4.05 

2.00 

1.00 

.70 

1.20 

.3.95 

2.00 

1.00 

.70 

1.35 

3.90 

2.00 

1.10 

.70 

1.40 

3.80 

2.00 

1.10 

.70 

1.45 

3.75 

1.85 

1.00 

.70 

1.50 

3.65 

1.80 

1.00 

.70 

3.75 

1.00 

.70 

0.60 
.60 
.60 
.60 
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.60 
.60 
.60 
.60 
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.60 
.60 
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UVA   STATION  ON  LABAMIE  BIYER. 

Thi8  station,  described  in  tlie  Eighteenth  Annual  Report,  Part  IT, 
page  148,  is  on  the  line  of  the  Cheyenne  Northern  Ilailway,  about  1 
mile  from  the  town  of  Uva,  Wyoming.  The  observer  is  the  railway 
section  man,  J.  A.  Carley.  The  rod  is  fixed  to  the  side  of  one  of  the 
cluster  of  piles  in  mid-channel  which  supports  the  railroad  bridge.  As 
the  section  here  is  not  a  suitable  place  to  make  the  discharge  measare- 
ments,  they  are  made  at  the  wagon  bridge  which  crosses  the  stream 
with  one  clear  span  about  1,000  feet  below  the  railroad  bridge.  Here 
the  river  has  a  sufficient  straight  stretch  above  and  below  the  bridge 
to  insure  a  uniform  current.  The  bed  of  the  river  is  sandy  and  liable 
to  change  during  high  water.  The  bench  mark  is  a  spike  head  on  soath 
side  of  pile  at  east  end  of  railroad  bridge.  It  is  11.95  feet  above  zero 
of  gage.  The  following  discharge  measurements  were  made  by  C.  T. 
Johnston  in  1897 : 

April  12,  gage  height,  1.85  feet;  discharge,  205  second- feet. 
May  4,  gage  height,  3.00  feet;  discharge,  830  second-feet. 
May  14,  gage  height,  3.10  feet;  discharge,  748  second-feet. 
May  15,  gage  height,  3.00  fret;  discharge,  742  second-feet. 
May  21,  gage  height,  3.70  feet;  discharge,  1,160  second-feet. 
May* 29,  gage  height,  5.15  feet;  discharge,  2,432  second-feet. 
June  8,  gage  height,  4.05  feet;  discharge,  1,365  second-feet. 
June  19,  gage  height,  3.35  feet;  discharge,  817  second-feet. 
June  22,  gage  height,  2.45  feet;  discharge,  500  second-feet. 
July  10,  gage  height,  1.05  feet ;  discharge,  44  second-feet. 

Daily  gage  highly  in  feet,  of  Laramie  River  at  Uta,  Wifotning,  for  2897. 


Day. 


Jan. 


1. 

2. 

3. 

4. 

5. 

6. 

7. 

8. 

9. 
10. 
11. 
12. 
13. 
U. 
15. 
16. 
17. 
18. 
19. 
20. 
21. 
22. 
23. 
24. 
25. 
20. 
27. 
28. 
29. 
80. 
31. 


1.50 


1.60 


1.30 


Apr. 


Mav. 


June.  I  Joly.  |   Aug.      Sept. 


2.80 
2.00 
3.70 
8.60 
3.60 
2.40 
1.80 
1.70 
1.60 
1.60 
1.50 
1.70 
1.80 
1.80 
1.80 
2.00 
2.00 
4.30 
4.00 
4.10 
4.40 
4.00 
3.90 
3.70 
3.40 
3.10 
3.00 
8.00 
2.90 
3.00 


I 


3.00 
3.20 
8.10 
3.00 
3.00 
3.20 
3.20 
3.10 
2.90 
3.20 
3.80 
3.50 
3.30 
3.20 
3.00 
2.90 
3.00 
2.90 
3.10 
3.20 
3.1K> 
4.10 
4.70 
4.90 
5.10 
6.20 
5.30 
5.30 
6.20 
4.10 
4.80 


4.90 

1.50 

0.80 

5.00 

1.40 

.70 

5.20 

1.40 

1.00 

5.00 

1.30 

2.00 

4.10 

1.20 

2.40 

4.80 

1.00 

1.60 

4.80 

1.00 

1.50 

4.40 

.90 

1.40 

3.80 

.90 

1.40 

3.40 

.90 

1.40 

3.30 

1.00 

2.60 

3.70 

1.00 

2.40 

4.10 

1.00 

2.00 

3.80 

1.00 

1.00 

3.80 

.90 

1.40 

3.70 

.90 

1.20 

3.00 

.90 

1.10 

3.80 

.90 

1.10 

2.80 

.90 

1.00 

2.80 

.90 

1.00 

2.80 

.90 

1.00 

2.60 

.90 

1.00 

2.30 

.90 

1.00 

2.00 

.90 

1.00 

1.90 

.80 

1.00 

1.50 

.80 

.90 

1.70 

.80 

.90 

1.60 

.80 

.90 

1.60 

.80 

.90 

1.50 

.80 

.80 

.90 

.8. 

0.80 
.80 
.80 
.70 
.70 
.70 
.6S 
.65 
.66 
.65 
.66 
.65 
.60 
.60 
.55 
.65 
.55 
.60 
.60 
.65 
.66 
.66i 
.60' 


.60  ■ 
.60i 

.60  1. 
.60  !. 
.67 
.57 
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OBIN  JUNCTION  STATION   ON  NORTH  PLATTE  RIVER. 


This  station,  described  iu  the  Eighteenth  Annual  Eeport,  Part  IV^ 
page  150,  is  located  at  the  bridge  of  the  Cheyenne  Northern  Railway, 
near  Oriu  Junction,  Wyoming.  The  rod  is  fixed  upon  the  mid-channel 
pier  of  the  railway  bridge,  and  is  connected  with  the  following  perma- 
nent bench  mark :  Spike  on  top  of  cap  on  the  set  of  piles  nearest  the 
water  at  east  end  of  bridge  is  11.52  feet  above  datum.  The  bed  of  the 
stream  is  comx)osed  of  heavy  gravel  and  sand,  the  cross  section  being 
quite  uniform.  The  channel  is  straight  for  some  distance  above  and 
below  the  station.  The  section  boss,  P.  J.  Burns,  is  employed  as 
observer.  The  stream  at  this  station  is  divided  into  two  x>ermanent 
main  channels  by  the  bridge  pier,  and  at  high  water  there  is  a  third 
channel  to  the  west  of  the  second  pier  across  which  the  bridge  rests  on 
piles,  and  at  a  certain  stage  of  water  a  long  cobble  bar  running  down 
to  the  bridge  divides  this  third  channel  into  two,  thus  making  at  times 
four  channels  altogether.  The  following  discharge  measurements  were 
made  in  1897  by  O.  T.  Johnston : 

April  13y  gage  height,  2.57 'feet;  diHcharge,  1,710  second-feet. 
May  3,  gage  height,  5.50  feet;  discharge  8,751  second-feet. 
May  13,  gage  height,  5.40  feet;  discharge,  10,434  socond-fect. 
May  20,  gage  height,  5.90  feet ;  discharge,  13,471  second-feet. 
May  28,  gage  height,  6.60  feet;  discharge,  16,320  second-feet. 
June  7,  gage  height,  5.55  feet;  discharge,  11,622  second-feet. 
June  18,  gag^  height,  5.25  feet;  discharge,  10,100  second  feet. 
June  21,  gage  height,  4.90  feet ;  discharge,  8,424  second- feet. 

Daily  gage  height f  infeet^  of  North  Platte  liiver  at  Orin  Junction^  Wyoming y  for  1897, 


Day. 

1 
Jan. 

Feb. 

Har. 

Apr. 

1 

May. 

June. 

July. 

Aug. 

Sept. 

1 

2.88 
2.78 
2.68 

5.68 

""h.ii' 

5.60 
5.68 
6.78 
5.08 
6.12 

•  »  •  ■  «  •  •  • 

6.20 
6.10 
5.90 
5.55 
5.32 
5.15 

*"6.*32* 
5.60 
5.85 
6.98 
6.08 
6.25 

"'6.' 60 
6.85 
7.00 
7.18 
7.20 
7.05 

"'6.78' 

6.45 
6.18 
6.40 
7.00 
6.90 

••••■«> • 

5.45 
5.15 
4.05 
4.75 
4.65 
5.10 

""sfio' 

6.35 
5.35 
5.25 
5.26 
6.00 

""'4.' 36" 
4.15 
3.98 
3.88 
3.80 
3.80 

'"3*73* 
3.60 
8.48 

3.38 
3.85 
3.22 

'"3.'30' 
8.32 
3.32 
3.15 
2.90 
2.65 

"2.' 42' 
2.32 
2.30 
2.20 
2.28 
2.18 

""'2.' 42' 
2.32 
2.15 
2.02 
2.00 
2.00 

'"{.'92' 
1.82 
1.72 
2.62 
2.52 
1.42 

.  ->. 

1.40 
1.32 
1.78 
1.75 
1.78 
2.62 

""2."  08* 
2.08 
2.00 
1.88 
1.78 
2.15 

"*i.'78' 
1.52 
1.45 
1.35 
1.30 
1.22 

'"1.12" 
1.02 
.92 
.82 
.80 
.88 

"".86" 

.78 

0.72 
.70 
.70 
.70 

'"."76"' 
.70 
.70 
.62 
.60 
.60 

.78 
.68 
.58 
.50 
.50 
.65 
.62 
.62 
.60 
.60 
.60 
.60 

'.65' * 
.65 
.65 
.52 

2 

1.00 

3 

4 

5 

2.62 
2.52 
2.42 
2.32 
2.25 
2.20 

6 

2.05 

2.30 

7 

8 

1.60 

0 

10 

11 

12 

2.42 
2.65 
2.68 
2.78 
3.12 
3.82 

13 

2.05 

2.40 

u 

15 

1.50 

IS 

17 

18 

19 

4.48 
4.65 
6.25 
5.90 
6.85 
5.50 

20 

2.20 

2.70 

21 

22 

23 

24 

1.75 

25 

26 

4.48 
4.68 
4.90 
5.35 
5.58 

27 

2.15 

1.66 

28 

1.75 

29 

30 

31 

8.15 
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GBRING  STATION  ON  NORTH  PLATTE  RIVER. 


This  station  is  located  abont  1  iiiile  north  of  Geriiig,  Nebraska,  and 
was  established  May  29,  1897,  by  A.  B.  MeOoskey,  assistant  Stat-e 
engineer.  The  gage  is  on  the  west  side  of  the  bridge  within  a  few  feet 
of  the  south  edge  of  the  main  channel  of  the  river,  and  is  a  vertical 
rod  graduated  to  tenths  of  a  foot,  and  fastened  to  the  bridge  pile.  The 
zero  of  the  gage  is  6.61  feet  below  a  nail  head  on  top  of  the  west  eud 
of  the  first  cap  at  the  south  end  of  the  bridge.  The  observer  is  C.  D. 
Snyder,  who  is  manager  of  the  mill  near  the  gage.  Discharge  meas- 
urements were  made  in  1897  by  O.  Y.  P.  Stout  and  A.  B.  McGoskey  as 
follows : 

May  29,  gage  height  3.28  feet ;  discharge,  23,364  seoond-foet. 
September  11,  gage  height  0.90  foot;  discharge,  500  8ecoiid-feet. 
November  2,  gage  height  1.02  feet ',  discharge,  661  second-feet. 

Daily  gat/e  heUjhtf  in  feet j  of  North  Platte  Eiver  at  tiering,  Nebraska,  for  1S97. 


Day. 
1 

May. 

Juue. 

July. 

1.80 
1.80 
1.80 
1.70 
1.70 
l.«0 
1.50 
1.60 
1.60 
1.70 
1.50 
1.40 
1.40 
1.30 
1.30 
1.30 

Aug. 

Sept 

1.10 

1.10 

1.10 

1.00 

1.00 

1.00 

1.00 

.00 

.90 

.90 

.90 

.90 

.90 

.90 

.90 

.90 

-Oct. 

Day. 

May. 

Jniio. 

July. 

Aug. 

1.40 

1.30 

1.20 

1.20 

1.10 

1.10 

1.00 

1.00 

1.00 

.90 

.90 

.90 

.90 

.90 

.90 

• 

Sept. 

0.90 
.90 

1     w 

-.90 

.90 

.85 
.85 
.85 
.85 
.85 
.85 
.85 
.80 
.80 

1 
Oct. 

3.00 
3.00 
3.12 
B.  30 

1.20 
1.10 
1.10 
1.20 
1.10 
1.10 
1.10 
1.30 
1.30 
1.50 
1.30 
1.30 
1.30 
1.40 
1.40 
1.40 

0.80 
.80 
.80 
.80 
.80 
.80 
.80 
.80 
.80 
.85 
.85 
.85 
.90 
.90 
.90 
.90 

17 

1.30 
1.40 
1.50 
1.30 
1.30 
1.30 
1.30 
1.30 
1.30 
1.30 
1.30 
1.30 
1.30 
1.20 
1.20 

0.95 

2 

18 

.95 

3 

IB 

.95 

.95 

.95 

.96 

.96 

1.00 

1.00 

1.00 

.95 

.95 

.95 

4 

20 

5.::: 

3.35 

21 

6 

22..-.. 

7 

23 ' 

8 

24 

0 

25 

10 

26 

11....:::::: 

27 \ 

12... J 

28 

13... .1 

29 

14.. ..i 

t 

30 

31 

3.50 
3.30 

15....! 

16 i 

■ 
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CAMP  CLARKE  STATION  ON  NORTH  PLATTE  RIVER. 


This  Station,  described  iu  the  Eighteenth  Annual  Eeport,  Part  lY, 
page  153,  is  located  on  the  right  bank  of  the  river,  about  40  feet  above 
the  bridge  at  Camp  Clarke,  Nebraska.  The  observer  is  Bobert  H. 
Willis,  county  surveyor  of  Cheyenne  County,  Nebraska,  who  lives 
about  1  mile  from  the  gage.  The  gage  consists  of  an  oak  piece,  2  by  4 
inches,  10  feet  long.  It  is  fastened  to  cross-ties,  which  are  bedded  in 
the  bank  of  the  river.  The  face  of  the  rod  is  inclined  at  an  angle  of 
30  degrees  to  the  horizontal,  so  that  2  feet  along  the  rod  are  equal  to  1 
foot  in  the  vertical,  and  the  rod  is  graduated  accordingly.  The  channel 
at  the  station  is  fairly  straight,  above  and  below.  The  bed,  as  else- 
where along  this  river,  is  of  loose,  coarse  sand.  Two  bench  marks 
were  established.  The  first  consists  of  a  spike  which  is  driven  hori- 
zontally in  the  northeast  side  of  the  downstream  pile  of  the  bent  at  the 
north  end  of  the  first  truss  span  on  the  south  end  of  the  bridge.  This 
spike  is  7.55  feet  above  the  zero  of  the  gage.  The  second  bench  mark 
is  a  point  on  the  southeast  corner  of  the  window  sill  at  the  front  of  the 
store.  This  point  is  9.74  feet  above  the  zero  of  the  gage.  A  measure- 
ment of  discharge  was  made  at  this  station  by  O.  Y.  P.  Stout  on  Sep- 
tember 12, 1897.    Gage  height  2.11  feet;  discharge,  551  second  feet. 

Daily  gage  height,  in  feet,  of  North  Plaits  River  at  Camp  Clarke^  Nehraskajfor  1S97. 


Feb. 

2.80 

Apr. 

May. 

June. 

2.89 

2.85 

4.20 

4.55 

2.89 

2.76 

2. 82 

4.26 

4.50 

2.89 

2.72 

2.81 

4.20 

4.51 

2.89 

2.74 

2.78 

4.25 

4.68 

2.89 

2.78 

2.74 

4.26 

4.90 

2.89 

2,78 

2.68 

4.25 

5.00 

2.80 

2.85 

2.75 

4.32 

4.78 

2.89 

2.79 

2.84 

4.25 

4.50 

2.89 

2.56 

2.80 

4.35 

4.27 

2.89 

2.46 

2.65 

4.30 

4.10 

2.89 

2.30 

2.76 

4.50 

3.95 

2.89 

2.20 

2.80 

4.46 

3.87 

2.89 

2.12 

2.60 

4.40 

4.00 

2.83 

2.76 

4.35 

4.03 

2.80 

2.57 

2.75 

4.17 

4.10 

2.75 

2.59 

2.77 

4.07 

4.03 

2.66 

2.57 

2.75 

3.94 

4.05 

2.76 

2.52 

2.79 

4.05 

4.10 

2.86 

2.45 

2.90 

4.0*1 

4.08 

2.90 

2.40 

3.30 

4.25 

4.08 

2.85 

2.40 

3.60 

4.33 

3,89 

2.85 

2.42 

3.68 

4.26 

3.89 

2.86 

2.45 

3.05 

4.37 

3.65 

2.85 

2.43 

4.28 

4.56 

3.62 

2.85 

2.45 

4.28 

7.72 

3.47 

2.85 

2.42 

3.95 

4.78 

3.50 

2.85 

2.43 

3.88 

4.77 

3.49 

2.80 

2.41 

3.80 

4.72 

3.51 

!■••••• 

2.42 

3.88 

4.74 

3.57 

2.45 

4.00 

4.70 

3.40 

1 

1 

1 

2.80 

4.67 

Jnly. 


2.20 
2.19 
2.10 
2.20 
2.18 
2.14 
2.13 
2.12 
2.12 
2.10 
2.10 
2.10 
2.13 
2.12 
2.15 
2.15 
2.16 
2.14 
2.17 
2.15 
2.13 
2.10 
2.00 
2.10 
2.09 
2.10 
2.11 
2.10 
2.11 
2.06 


2.03 
2.02 
2.05 
2.04 
2.05 
2.00 
2.06 
2.08 
2.08 
2.06 
2.12 
2.10 
2.10 
2.10 
2.11 
2.11 
2.11 
2.12 
2.11 
2.15 
2.20 
2.21 
2.19 
2.18 
2.19 
2.21 
2.22 
2.20 
2.21 
2.21 
2.21 
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NORTH  PLATTE  STATION  ON  NORTH  PLATTE  RIYEB. 

This  station,  described  in  the  Eighteenth  Annaal  Report,  Part  IV, 
page  15G,  is  located  at  the  wagon  bridge  1  mile  north  of  the  town  of 
North  Platte,  Nebraska.  The  water,  except  in  times  of  flood,  does  not 
pass  nnder  all  the  spans  of  the  long  bridge,  but  usually  the  greater 
part  flows  under  two  or  three  of  these,  speading  out  in  shallow  pools 
or  streamlets  under  others.  The  initial  point  for  soundings  is  on  the 
right  bank.  The  channel  is  nearly  straight  for  about  500  feet,  both 
above  and  below  the  station.  The  gage  is  at  the  railroad  bridge  2 
miles  below  the  wagon  bridge.  The  zero  is  12.00  feet  below  the  top 
and  immediately  under  the  east  rail  of  the  track.  The  observer  is 
Fred  Hanlon.  The  following  measurements  of  discharge  were  made  by 
0.  P.  Boss,  in  1897 : 


Date. 


i). 


Apr. 
Apr.  12. 
Apr.  26, 
May  17 . 
May  29. 
June  10 


G«g© 
height. 

Dis.     ! 
charge.  ' 

Feet. 

Sec./L 

2.70 

4,038 

2.80 

2,961 

3.45 

10,  328  ' 

3.50 

13,486 

4.05 

20,796 

3.95 

17, 172 

Date. 


June  19 
June  29 
Jnly  10. 
July  24. 
Aug.  7  . 
Aug.  21 


Qnee 
height. 

Dis- 
charge. 

Feet. 

Sec/l. 

3.35 

11,393 

3.05 

6,518 

2.25 

4,112 

2.05 

2,940 

2.40 

3,118 

2.15 

2,306 

i 

Date. 


Sept.  4  . 
Sept.  18 
Oct.  6 . . 
Oct.  18 . 
Nov.  11 


height. 


Feet. 

1.65 

1.70 

1.50 

1.90 

1.90 


Dit- 
cbufe. 


Sfe./l. 

679 

744 

4^ 

1,343 

l,5n 


Daily  yage  heightf  in  feet,  of  Narth  Platte  River  at  North  2'latte,  Nebraskaf  for  ISO 


/• 


Day. 


2... 

a... 

4... 

5... 

6... 

7... 

8... 

9... 
10... 
11... 
12... 
13... 
U... 
15... 
16... 
17... 
18... 
19... 
20... 
21... 

23... 
24... 
25... 
26... 
27... 
28... 
29... 
30... 
31... 


Jan. 


Feb.  j  Mar. 


2.90 
2. 8"! 
3.00 
2.95 
3.00 
3.05 
3.10 
3.15 
3.20 
3.15 
3.15 
3.15 
3.25 
3.25 
3.15 
3.20 
3.20 
3.20 
3.20 
3.20 
3.15 
3.05 
2.90 
2.80 
2.80 
2.00 
2.00 
2.90 
2.90 
2.90 
2.90 


2.80 
2.80 
2.80 
2.90 
2.85 
2.85 
2.85 
2.85 
2.95 
3.05 
3.15 
3.15 
3.20 
3.25 
3.25 
3.35 
3.35 
3.35 
3.35 
3.35 
3.35 
3.25 
3.15 
3.05 
2.25 
2.30 
2.30 
2.30 


2.50 
2.80 
2.75 
2.85 
2.90 
3.00 
3.05 
3.10 
3.15 
3.25 
3.35 
2.45 
2.50 
2.40 
2.30 
2.25 
2.40 
2.55 
2.25 
2.20 
2.45 
2.40 
2.40 
2.30 
2.05 
2.05 
2.20 
2.10 
2.05 
2.15 
2.20 


Apr. 

May. 

Jane. 

July. 

Aug. 

1 

^  Sept. 

2.30 

3.20 

4.10 

2.95 

1.85 

1.75 

2.55 

3  20 

4.05 

2.80 

1.85 

1.76 

2.75 

3.25 

4.05 

2.76 

1.85 

1.70 

2.75 

3.50 

3.90 

2.65 

1.90 

1.65 

2.85 

3.50 

3.90 

2.55 

1.95 

1.60 

2.70 

3.45 

3.90 

2.50 

2.45 

1.66 

2.75 

3.50 

4.10 

2.40 

2.40 

1.65 

2.85 

3.50 

4.25 

2.35 

2.50 

1.45 

2.75 

3.65 

4.15 

2.45 

2.40 

1.45 

2.«5 

3.60 

3.90 

2.25 

2.45 

1.50 

2.05 

3.60 

3.85 

2.10 

2.50 

1.65 

2.80 

8.65 

3.85 

2.15 

2.35 

1.70 

2.65 

3.65 

3.55 

2.35 

2.20 

1.60 

2.55 

3.60 

3.40 

2.10 

2.30 

1.65 

2.;i5 

3.65 

3.25 

2.05 

2.45 

1.60 

2.25 

3.46 

3.35 

2.15 

2.35 

1.65 

2.25 

3.55 

3.85 

2.15 

2.35 

1.65 

2.30 

3.45 

3.45 

2.20 

2.35 

1.65 

2.30 

3.45 

3.35 

2.15 

2.80 

1.60 

2.35 

3.55 

3.35 

2.35 

2.20 

1.60 

2.55 

3.50 

8.35 

2.15 

2.15 

1.60 

2.65 

3.55 

3.35 

2.25 

2.15 

1.60 

2.85 

8.55 

3.35 

2.40 

1.95 

1.55 

3.05 

3.60 

3.25 

2.05 

1.90 

1.50 

3.25 

3.70 

8.25 

2.00 

1.85 

1.55 

3.45 

8.85 

8.10 

1.95 

1.86 

1.56 

3.55 

4.00 

3.05 

1.95 

1.80 

1.50 

3. 35 

4.05 

3.10 

1.95 

1.80 

1.50 

3.25 

4.05 

3.05 

1.95 

1.75 

1.50 

3.20 

4.10 

3.05 

1.90 

1.70 

1.50 

4.05 

1.85 

1.70 

Oct. 


1.60 

1.50 

1.50 

1.50 

1.50 

1.50 

1.50 

1.50 

1.50 

1.65 

1.55 

1.66 

1.70 

1.65 

1.70 

1.80 

1.85 

1.90 

1.90 

1.80 

1.80 

1.70 

1.70 

1.70 

1.70 

1.85 

1.90 

2.20 

2.25 

2.20 

2.05 


Not.  I  l>ec. 


2.00 

1.90 

1.80 

1.70 

1.70 

1.80 

1.90 

1.90 

2.00 

2.00 

1.90 

1.90 

1.90 

1.P0 

1.00 

1.90 

2.00 

2.00 

2.00 

2.00 

2.00 

1.95 

2.00 

2.00 

1.80 

1.95 

2.16 

2.90 

2.90 

2.90 


2.30 
2.20 
2.30 
2.30 
2.80 
%» 
2.90 
2.90 
2.40 
2.45 
2.50 
2.55 
2.70 

2.W 

2.» 
2.80 

2.00 
2.80 
2L» 
2.00 
2.W 
2.00 

t»  I 

l» 

2.70 

2.70 

2.70 

110 

2.70 

t» 

2.» 
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DEANSBUBT  STATION  ON  SOUTH  PLATTE  RIVBB. 

This  station,  described  in  the  Eighteenth  Annual  Beport,  Part  lY, 
age  159,  is  located  about  1,000  feet  southwest  of  Deansbury,  Colorado, 
^he  discharge  measurements  are  made  from  a  footbridge  crossing  the 
tream.  Tlie  gage  rod  is  vertical.  An  automatic  register  is  also  used, 
toth  banks  are  high  and  not  liable  to  overflow. 

Station  No.  2  is  located  about  300  feet  above  station  Ko.  1,  and  is  used 
uring  the  summer  months,  being  a  more  desirable  point  for  high- water 
leasurements  than  station  'So,  1.  The  gage  consists  of  a  2  by  4  inch 
iclined  timber.  The  railroad  embankment  forms  the  right  bank,  while 
he  left  is  low  and  subject  to  overflow  at  high  wftter.  The  bed  of  the 
tream  is  rocky  and  not  liable  to  change.  The  following  measurements 
f  discharge  were  made  by  L.  R.  Hope  in  1897 : 

ft 

.t  Station  No.  1 : 

Jannary  8,  gage  height,  2.75  feet ;  discharge,  79  second-feet. 
January  16,  gage  height,  2.68  feet;  discharge,  85  seoond-feet. 
January  22,  gage  height,  2.56  feet ;  discharge,  68  second-feet. 
Jannary  31,  gage  height,  2.33  feet;  discharge,  55  second- feet. 
Fehmary  17,  gage  height,  2.58  feet;  discharge,  71  seoond-feet. 
March  1,  gage  height,  2.75  feet;  discharge,  90  second  feet. 
March  11,  gage  height,  2.82  feet;  discharge,  103  second-feet. 
March  20,  gage  height,  2.75  feet;  discharge,  92  second-feet. 
March  27,  gage.height,  3.40  feet;  discharge,  165  second-feet. 
April  8,  gage  height,  4.17  feet;  discharge,  260  seoond-feet. 
t  Station  No.  2: 

April  17,  gage  height,  2.02  feet;  discharge,  342  second-feet. 
April  22,  gage  height,  2.62  feet;  discharge,  510  second-feet. 
May  3,  gage  height,  3.05  feet;  discharge,  643  second-feet. 
May  9,  gage  height,  3.50  feet;  discharge,  831  second-feet. 
May  23,  gage  height,  4.15  feet;  discharge  1,006  second- feet. 
Jnne  10,  gage  height,  3.85  feet ;  discharge,  985  second- feet. 
Jnly  1,  gage  height,  3.15  feet;  discharge,  678  second-feet. 


Daily  gage  height^  in  feet  ^  of  South  Platte  Biver  at  Deanehury,  Colorado,  for  1897, 


Day. 

Jan. 

Feb. 

\£nr. 

Apr. 
3.83 

May. 
2.92 

1 
Juno.   , 

Day. 

Jan. 

Feb. 

Mar. 

Apr. 
2.10 

May.* 

Juno. 

1.... 

2.74 

2.38 

2.63 

5.25  ' 

17 

2,70 

2.56 

2.95 

3.82 

4.13 

2.... 

2.76 

2.39 

2.68 

8.80 

2.97 

4.89 

18 

2.70 

2.50 

2.99 

2.42 

3.94 

3.97 

3..-. 

2.70 

2.42 

2.67 

3.05 

3.05 

4.66 

19 

2.60 

2.55 

2.96 

2.64 

3.92 

3.79 

4.... 

2.80 

2.41 

2.60 

4.11 

2.97 

4.40 

20 

2.07 

2.54 

2.81 

2.81 

4.04 

3.55 

5.... 

2.80 

2.40 

2.71 

4.23 

3.00 

4.20 

21 

2,63 

2.50 

2.90 

2.80 

4.16 

3.60 

6.... 

2.80 

2.39 

2.74 

4.22- 

3.06 

4.26 

22 

2.55 

2.72 

2.78 

2.55 

3.95 

3.56 

7.... 

2.80 

2.41 

2.80 

4.03 

3.26 

4.19 

23 

2.55 

2.63 

2.47 

2.45 

4.07 

3.50 

8..-. 

2.80 

2.75 

2.78 

1.66 

3.30 

3.98  1 

24 

2..^ 

2.57 

2.65 

2.38 

4.32 

3.38 

0  ... 

2.62 

2.53 

2.70 

1.66 

3.42 

3.89 

25 

2.01 

2.56 

2.91 

2.38 

4.48 

8.32 

10.... 

2.62 

2.52 

2.58 

1.64 

3.45 

3.85 

26 

3.06 

2.55 

3.20 

2.49 

4.43 

3.39 

11... 

2.63 

2.63 

2.60 

1.76 

3.61 

4.18 

27 

2.41 

2.00 

3.43 

2.77 

4.77 

3.60 

12--.. 

2.63 

2. 60 

2.73 

1.77 

3.94 

4.20 

28 

2.32 

2.57 

3.04 

2.92 

4.53 

3.58 

13. - . . 

2.65 

2.97 

2.70 

1.C8 

8.96 

4.23 

£9 

2.39 

3.84 

2.95 

4.60 

3.55 

U.... 

2.63 

8.62 

2.62 

1.75 

3.96 

4.23 

30 

2.34 

3.99 

2.94 

4.98 

3.50 

15.... 

2.63 

2.55 

2.82 

1.83 

3.95 

4.37  1 

31 

2.33 

3.72 

5.19 

16. . . . 

2.66 

2.50 

2.01 

1.87 

4.06 

4.38 

Register  move  to  station  No.  2,  April  8. 


88 


OPERATIONS   AT   RIVER   STATIONS,  1897. 


DENVER  STATION  ON  SOUTH  PLATTE  RIVER. 

This  station,  described  iu  the  Eighteenth  Annual  Report,  Part  IT, 
page  162,  is  located  at  the  Fifteenth  street  bridge,  Denver,  Colorado, 
immediately  below  the  mouth  of  Cherry  Creek.  The  inclined  gage  con- 
sists of  two  6  by  2  inch  planks  spiked  together  and  fastened  to  posts 
driven  into  the  river  bank.  Also,  a  short  vertical  rod  is  spiked  to  a 
pile  near  left  abutment  of  the  bridge.  The  bench  mark  is  107  feet 
southwesterly  from  the  gage,  and  is  a  cross  mark  on  top  of  the  east 
abutment  of  the  Fifteenth  street  bridge,  on  the  north  comer.  It  is 
marked  B.  M.,  and  is  15.15  feet  above  the  zero  of  the  gage  rod.  The 
river  is  confined  between  slag  embankments,  and  the  bed  is  sandy  and 
shifting.  The  observer  is  J.  U.  Hodgson.  The  following  discharge 
measurements  were  made  by  F.  Cogswell  in  1897 : 

January  15,  gage  height,  4.70  feet;  discharge,  98  aecontl-feet. 
April  15,  gage  height,  5.35  feet;  discharge,  385  Becond-feet. 
May  1,  gage  height,  5.70  feet ;  discharge,  595  second-feet. 
May  25,  gage  height,  5.85  feet;  discharge,  778  second-feet. 
June  4,  gage  height,  6.45  feet;  discharge,  1,311  second-feet. 
June  15,  gage  height,  6.75  feet;  (Uscharge,  1,406  second- feet. 
July  13,  gage  height,  5.60  feet;  discharge,  687  second-feet. 
August  5,  gage  height,  7.46  feet;  discharge,  1,849  second-feet. 
August  20,  gage  lieight,  5.55  feet;  discharge,  473  second-feet. 
Septenihor  6,  gage  height,  4.95  feet;  discharge,  116  second-feet. 
October  11,  gage  height,  5.70  feet;  discharge,  413  second-feet. 

JMilif  ffage  heigh t^  infet't,  of  South  Platte  Birer  at  Denver,  Colorado j  for  IS^. 


Jan. 


Feb.  Mar. '  Apr. 


1 

2 

3 

4 

5 

G 

7 

8.. 

9 
10 
11 
12 
13.. 
U.. 
15.. 
16.. 
17.. 
18.. 
19.. 
20.. 
21.. 
22.. 
23.. 
24.. 
25.. 
26.. 
27.. 
28.. 
29.. 
30.. 
31.. 


4. 

4. 

4. 

4. 

4. 

A. 

4 

4. 

4. 

4. 

4. 

4. 

4. 

4. 

4. 

4. 

4. 

4. 

4. 

4. 

4. 

4. 

4. 

4. 

4. 

4. 

4. 

4. 

4. 

4. 

4. 


65 
60 
55 
50 
55 
00 
75 
80 
80 
75 
75 
80 
75 
65 
65 
70 
80 
75 
70 
05 
60 
65 
60 
55 
50 
55 
50 
55 
65 
70 
60 


4.65 
4.70 
4.70 
4.60 
4.70 
4.65 
4.50 
4.55 
4.45 
4.40 
4.35 
4.25 
4.25 
4.25 
4.35 
4.40 
4.55 
4.60 
4.45 
4.40 
4.50 
4.55 
4.65 
4.70 
4.65 
4.75 
4.70 
4.55 


4.60 
4.55 
4.60 
4.65 
4.75 
4.80 
4.75 
4.70 
4.80 
4.85 
4.80 
4.85 
4.00 
4.85 
4.85 
4. 95 
5.00 
4.90 
5.00 
4.05 
5.00 
5.05 
5.05 


10 
15 
20 
25 
30 


5.35 
5.40 
5.35 


5.40 
5.45 
5.55 
5.50 
5.60 
5.60 
5.70 
5.55 
5.40 
5.30 
5.25 


5. 
5. 
5. 


25 
30 
25 


5.  30 
5.40 
5.50 
5.60 
5.80 
5.90 
6.00 
5.60 
5.35 
5.30 
5.20 
5.15 
6.10 
5,25 
5.50 
6.C5 


June,  j  July.  !  Aug.  Sept.  Oct.  Nov 


5.70 
5.65 


5. 
5. 
5. 
5. 


65 
55 
50 
40 
5.45 
5.45 
5.40 
5.35 
5.55 
5.75 
5.75 
5.65 
5.70 
5.60 
5.70 
5.75 
5.65 
5.80 
6.05 
5.85 
5.80 
5.75 
6.10 
6.05 
6.80 
6.65 
6  65 
6.70 
6.60 


6.65 
6.85 
6.65 
6.45 
6.40 
6.45 
6.40 
6.35 
6.30 
6.35 
6.75 
6.80 
6.70 
6.65 
6.65 
6.55 
6.50 
6.35 
6.25 
6.10 
6.00 
5.05 
5.85 
5.75 
5.65 
5.60 
5.75 
5.65 
5.65 
5.55 


5.35 
5.05 
5.35 
5.15 
5.30 
5.20 
5.10 
5.05 
5.55 
5.05 
5.80 
6.50 
5.75 
5.60 
5.30 
5.00 
4.80 
4.55 
5.55 
6.70 
5.70 
5.55 
5.35 
6.25 
5.30 
5.15 
5.05 
6.10 
5.15 
5.00 
4.00 


4.90 

5.20 

4.85 

5.10 

6.10 

5.00  ' 

7.65 

4.85 

8.25 

4.80 

7.40 

5.10 

7.20 

5.05 

6.00 

5.05 

5.80 

5.20 

5.80 

6.05 

5.70 

4.95 

5.70 

4.70 

5.70 

5.05 

5.60 

5.25 

6.70 

5.40 

5.70 

5.90 

6.70 

6.65 

6.70 

5.20 

5.60 

5.50 

5.55 

5.46 

5.45 

6.40 

5.35 

5.80 

5.38 

5.25 

5.30 

6.30 

5.25 

6.25 

6.20 

5.00 

5.05 

5.30 

5.10 

5.00 

6.35 

■4.85 

5.35 

4.85 

5. 20 

i 

6.20 
5  30 
5.25 
5.35 
5.35 
6.50 
5.40 
5.45 
5.50 
5.55 
5.80 
5.50 
5.35 
5.25 
5.20 
5.30 
5.40 
5.25 


Dec 


30 
26 
25 
25 
20 
30 
35 


5.40 
5.50 
6.75 
5.90 
5.80 
5.95 


6.10 
G.05 
6.(10 
6.05 
5.90 
5.95 
5.85 
5.70 
5.65 


80 
85 
75 
70 
75 
70 
60 
50 
65 
75 
80 
70 
5.70 
5.60 
5.00 
5.50 
5.30 
5.00 
4.80 
4.95 
5.25 


5.45 
5.40 
5.25 
5.10 
5.15 
5.25 
5.35 
5.55 
5.45 
5.35 
530 
5.40 
5.45 
5.40 
5.35 
5.20 

5.15 
S.10 

5.10 
5.15 

5.2i> 
5.25 
Si  35 

5.35 
6.40 
5.40 
5.35 
5.4P 
5.55 
5.45 
5.4« 


DRAINAGE   BASIN   OF   THE   PLATTE   RIVER. 
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ORCHARD   STATION   ON   SOUTH  PLATTE  RIVER. 

station,  described  in  the  Eighteenth  Annual  Eeport,  Part  IV, 
66,  is  located  one-fourth  mile  southwest  of  Orchard,  Colorado, 
iige  is  inclined,  consisting  of  two  2  by  4  inch  planks,  spiked 
ur  and  fastened  to  posts  driven  into  the  river  bank.  It  is  marked 
ical  0.10  of  a  foot,  the  space  between  the  marks  being  0.127  of  a 
Che  bench  mark  consists  of  a  2  by  4  inch  stick  driven  almost  to 
face  of  the  ground  8  feet  back  from  the  rod.  The  top  of  this  is 
)t  above  the  zero  of  the  gage  rod.  The  initial  point  for  sound- 
on  the  right  shore.  The  left  bank  is  high  and  the  right  low  and 
Uy  overflow,  the  bed  of  the  stream  being  sandy  and  shifting, 
'ements  are  made  by  wading.  The  primary  object  of  this  station 
►tain  the  winter  flow  of  the  Platte  at  this  point.  The  observer 
TJ.  E.  Foley.  The  following  discharge  measurements  were  made 
3ogswell  and  others  in  1897 : 

ry  18,  gage  height,  4.14  feet;  discharge,  377  second-feet, 
^f  gage  height,  6.00  feet;  discharge,  1,921  second-feet. 
iO,  gage  height,  4.60  feet;  discharge,  1,926  second- feet. 
S7,  gage  height,  3.20  feet;  discharge,  504  second-feet. 
5,  gage  height,  3.60  feet;  discharge,  524  second-feet, 
aber  13,  gage  height,  2.50  feet;  discharge,  86  second-feet, 
kber  9,  gage  height,  4.40  feet ;  discharge,  1,299  second-fe-et. 

/y  gage  heightf  in  feet,  of  South  Platte  River  at  Orohardy  Colorado,  for  1897. 


By. 

Jan. 

Feb. 

Mar. 
3.80 

Apr. 

May. 

3.75 

4.50 

4.20 

3.75 

3.80 

4.50 

3.80 

4.30 

3.65 

3.80 

4.50 

3.80 

4.30 

3.4U 

3.80 

4.50 

3.80 

4.30 

3.40 

3.85 

4.55 

3.80 

4.30 

8.40 

3.90 

4.55 

3.80 

4.30 

3.35 

3.95 

4.50 

3.80 

4.30 

3.30 

4.25 

4.45 

3.75 

4.85 

3.20 

4.35 

4.40 

3.75 

4.35 

3.00 

4.30 

4.80 

3.75 

4.35 

3.00 

4.35 

4.20 

3.70 

4.40 

2.90 

4.85 

4.10 

8.70 

4.40 

2.80 

4.30 

4.00 

8.70 

4.35 

2.80 

4.30 

6.00 

4.60 

4.30 

2.75 

4.30 

7.00 

3.80 

4.25 

2.70 

4.30 

6.00 

3.70 

4.20 

2.60 

4.30 

4.00 

3.70 

4.20 

2.55 

4.15 

3.90 

3.70 

4.20 

2.50 

4.25 

3.90 

3.70 

4.15 

2.50 

4.35 

3.90 

3.70 

4.15 

2.70 

4.45 

3.85 

3.70 

4.15 

3.20 

4.50 

3.85 

3.70 

4.10 

4.50 

,  4.55 

3.80 

3.75 

4.10 

4.70 

)  4.50 

3.80 

3.75 

4.05 

5.00 

I  4.30 

3.75 

3.80 

4.00 

5.10 

'  4.25 

8.75 

3.80 

4.00 

5.20 

4.20 

3.75 

3.80 

3.05 

5.30 

'  4. 20  1  3. 75 

3.80 

3.95 

5.80 

1  4.35   

3.80 

3.90 

5.80 

4.45  ! 

3.80 

3.85 

5.98 

4.50 

1 

3.00 

5.85 

June. 

July. 
3.20 

Aug. 
3.00 

Sept. 
2.75 

Oct. 

Nov. 
4.45 

Dec. 

5.80 

2.60 

3.90 

6.20 

3.10 

3.00 

2.60 

2.50 

4.50 

5.00 

0.50 

8.00 

3.00 

2.50 

2.50 

4.50 

5.05 

6.30 

2.90 

3.00 

2.50 

2.50 

4.50 

4.70 

6.20 

2.35 

4.40 

2.50 

2.50 

4.50 

4.70 

5.95 

2.35 

5.  .SO 

2.50 

2.50 

4.50 

4.70 

6.40 

2.35 

5.30 

2.50 

2,50 

4.50 

4.75 

4.75 

2.30 

5.30 

2.50 

2.50 

4.50 

4.80 

4.50 

2.30 

5.40 

2.45 

2.50 

4.40 

5.00 

4.50 

2.30 

5  20 

2.45 

2.50 

4.30 

4.90 

5.50 

4.00 

5.10 

2.40 

2.50 

4.30 

4.70 

6.30 

3.70 

4.50 

2.50 

2.55 

4.20 

4.20 

6.50 

3.25 

4.30 

2.50 

2.80 

4.30 

3.90 

6.80 

2.50 

4.15 

2.60 

2.80 

4.30 

4.20 

6.70 

2.50 

4.00 

2.60 

2.85 

4.20 

4.00 

6.40 

2.40 

4.00 

2.60 

2.85 

4.15 

3.60 

6.20 

2.35 

3.80 

2.60 

2.90 

4.10 

3.60 

5.95 

2.35 

3.70 

2.60 

3.00 

4.10 

8.55 

4.75 

2.70 

3.65 

2.60 

3.10 

4.10 

3.70 

4.60 

2.95 

3.40 

2.60 

3.20 

4.00 

3.90 

4.50 

8.60 

3.35 

2.50 

3.30 

4.00 

4.10 

4.40 

8.60 

3.30 

2.45 

3.30 

4.05 

4.10 

4.30 

3.90 

3.20 

2.50 

3.35 

4.10 

4.10 

4.10 

3.60 

3.00 

2.50 

8.40 

4.00 

4.20 

3.95 

3.60 

2.90 

2.50 

3.40 

4.00 

4.30 

3.80 

3.60 

2.85 

2.50 

3.45 

4.00 

4.80 

3.50 

8.60 

2.85 

2.50 

3.65 

4.0() 

4.35 

3.30 

3.50 

2.75 

2.50 

3.85 

4.00 

4.40 

3.25 

3.45 

2.75 

2.50 

4.00 

3.90 

4.50 

3.25 

3.30 

2.75 

2.50 

4.20 

3.80 

4.55 

3.20 

2.75 

4.40 

4.60 
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OPERATIONS   AT   RIVER   STATIONS,  1897. 


MORRISON  STATION  ON  BEAR  CREEK. 

This  station,  describe<l  iu  the  Eighteenth  Annual  Report,  Part  lY, 
page  167,  is  located  in  the  npper  part  of  the  town  of  Morrison,  Golo- 
rado.  The  gage  rod  is  placed  in  the  river  about  150  feet  above  the 
railroad  depot.  It  consists  of  two  inclined  planks,  2  by  4  inches  by  8 
feet  long,  spiked  together  and  fastened  to  posts  driven  into  the  groand. 
It  is  divided  into  vertical  tenths  of  a  foot,  the  space  between  the  marks 
being  0.127  of  a  foot.  Three  nails  in  a  tree  in  right  bank  190.5  feet 
below  gage  rod  are  10.14  feet  above  zero  of  gagq.  Both  banks  are  low 
and  liable  to  overflow  at  high  water.  Measurements  are  made  by 
wading,  but  the  bridge  above  the  gage  can  be  used  at  high  water. 
The  observer  is  Henry  Hines.  The  following  measurements  of  discharge 
were  made  by  E.  B.  Sumner  and  others  in  1897 : 

Hay  20,  gage  height,  3.60  feet;  discharge,  179  second-feet. 
June  13,  gage  height,  3.70  feet;  discharge,  209  second- feet. 
June  26,  gage  height,  3.50  feet;  discharge,  162  second-feet. 
Jaly  24,  gage  height,  3.45  feet;  discharge,  131  second-feet. 
September  11,  gage  height,  3.05  feet ;  discharge,  55  second- feet. 
October  12,  gage  height,  3.00  feet;  discharge,  52  second-feet. 


Daily  gage  height^  in  feet,  of  Bear  Creek  at  Morrieon,  Colorado,  for  18S7. 


1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

26 

27 

28 

29 

30 

31 


Day. 


May. 


Jane. 


3.35 
3.35 
3.35 
3.45 
3.40 
3.35 
.^30 
3.35 
8.25 
3.25 
3.35 
3.45 
3.45 
3.55 
3.35 
3.45 
3.45 
3.55 
3.55 
3.45 
8.45 
3.65 
3.75 
3.55 
3.80 
3.65 
3.75 
3.80 
3.80 


3.85 
3.66 
3.56 
3.60 
3.60 
3.65 
3.55 
8.55 
3.55 
3.55 
3.80 
3.85 
3.75 
4.00 
3.70 
8.65 
8.65 
3.56 
3.55 
3.55 
3.50 
3.45 
8.45 
3.45 
3.40 
3.45 
3.50 
8.45 
3.45 
3.40 


July.      Aug. 


3.35 
3.30 
3.25 
3.20 
3.20 
8.20 
8.15 
3.85 
3.95 
3.80 
3.45 
8.40 
3.30 
8.25 
8.25 
3.26 
3.25 
3.30 
8.60 
3.46 
3.35 
3.35 
3.45 
3.45 
8.36 
8.35 
3.26 
3.25 
8.20 
8.20 
3.20 


Sept. 


Oct   i   Not. 


3.20 

8.20 

3.05 

3.60 

3.15 

3.05 

4.15 

3.15 

3.05 

5.05 

8.15 

3.06 

4.75 

3.15 

3.06 

4.10 

8.06 

3.05 

4.15 

8.05 

3.06 

3.90 

3.05 

3.05 

3.80 

3.05 

8.15 

3.75 

3.05 

3.05 

3.65 

8.06 

3.06 

3.65 

3.05 

3.00 

3.50 

8.05 

3.00 

8.46 

3.15 

8.00 

8.55 

8.35 

8.00 

8.66 

3.25 

3.00 

8.56 

3.15 

8.00 

3.45 

3.16 

8.00 

3.45 

3.16 

3.00 

3.45 

3.15 

8.00 

3.35 

3.15 

3.00 

3.35 

3.10 

3.00 

8.30 

3.05 

3.00 

3.25 

8.06 

3.00 

3.26 

3.05 

3.00 

3.25 

3.05 

8.00 

3.25 

8.05 

3.00 

3.25 

3.05 

3.15 

3.25 

3.00 

3.15 

3.25 

3.06 

3.10 

3.25 

3.10 

I 


3.00 

3.09 

2.90 

2.90 

190 

2.90 

2.35 

2.85 

190 

3.00 

3.00 

3.00 

100 

100 

IN 

100 

190 

190 

190 

190 

190 

190 

1» 

24$ 

150 

ISO 
150 

155 

270 
ITO 
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MARSHALL  STATION  ON  SOUTH  BOULDER  CREEK. 

station^  described  in  the  Eighteenth  Annual  Eeport,  Part  lY, 
»9,  is  located  about  3  miles  west  of  Marshall,  Colorado.  The  gage 
3  of  an  inclined  2  by  6  inch  timber,  with  a  1  by  6  inch  scale 
X)  it,  and  is  fastened  to  a  tree  and  to  stakes  driven  into  the  ground, 
arked  to  vertical  0.10  of  a  foot,  the  distance  between  the  marks 
L22  of  a  foot.  The  bench  mark  is  a  stone,  15  feet  northwest  of 
^e,  marked  with  black  paint.  Its  elevation  is  6.99  feet  above  zero 
Measurements  are  usually  made  by  wading  near  the  gage, 
ootbridge  20  feet  above  can  be  used  in  high  water.  The  Gom- 
*  Ditch  and  the  South  Boulder  and  Goal  Greek  Ditch  both 
it  water  above  the  gage,  and  this  amount  must  be  added  to  the 
*ge  at  the  station  to  obtain  total  run-off  of  the  drainage  basin  of 
ek.  The  observer  is  C.  E.  Barber.  The  following  measurements 
harge  were  made  by  F.  Cogswell  and  others  in  1897 : 

2j  gage  height,  2.45  feet;  discharge,  348  seoond-feet. 
9,  gage  height^  2.60  feet;  discharge,  363  second- feet. 
5,  gage  height;  2.50  feet;  discharge,  370 secoud- feet. 
7,  gage  height,  1.65  feet;  discharge,  122  second-feet. 
1 13,  gage  height,  1.55  feet;  discharge,  1J.6  second- feet. 
)r  14,  gage  height,  0.82  foot ;  discharge,  14  second-feet. 

gage  height,  in  feet,  of  South  Boulder  Creek  at  Marshall,  Colorado,  for  1897. 


Day. 

May. 

June. 

July. 

Aug. 

Sept. 

Oct. 

Nov. 

3.26 
8.10 
2.75 
2.55 
2.56 
2.35 
2.30 
2.30 
2.80 
2.50 
3.40 
8.10 
3.10 
2.90 
2.85 
2.96 
2.85 
2.50 
2.60 
2.60 
2.60 
2.60 
2.60 
2.45 
2.55 
2.80 
2.65 
2.46 
2.35 
2.30 

2.40 
2.40 
2.40 
2.25 
2.10 
2.20 
2.10 
2.10 
2.80 
2.60 
2.35 
2.25 
2.15 
2.15 
2.10 
2.00 
2.00 
2.05 
2.05 
1.85 
1.85 
1.75 
1.80 
1.76 
1.75 
1.70 
1.70 
1.65 
1.60 
1.60 
1.65 

1.65 
1.65 
1.75 
2.25 
2.25 
2.20 
2.25 
1.85 
1.80 
1.65 
1.65 
1.60 
1.60 
1.65 
1.60 
1.56 
1.65 
1.65 
1.45 
1.35 
1.35 
1.35 
1.35 
1.40 
1.40 
1.30 
1.35 
1.40 
1.40 
1.35 
1.30 

1.26 
1.26 
1.20 
1.16 
1.10 
1. 00 
.90 
1.10 
1.10 
1.15 
1.10 
1.15 
1.15 
1.20 
1.20 
1.25 
1.30 
1.20 
1.10 
1.15 
1.15 
1.10 
1.05 
1.05 
1.00 
1.00 
1.00 
1.05 
1.10 
1.05 

1.15 

1.16 

1.10 

1.05 

1.10 

1.20 

1.25 

1.25 

1.30 

1.10 

1.10 

.95 

.90 

.85 

.85 

1.25 

1.05 

1.00 

1.00 

.90 

.95 

.95 

.90 

.90 

1.05 

1.25 

1.00 

1.20 

1.25 

1.10 

1.15 

1.20 

1.00 

1.00 

1.10 

.90 

.00 

.86 

.86 

.95 

.90 

1.00 

1.15 

1.15 

1.20 

1.15 

1.16 

1.16 

1.06 

1.06 

1.05 

1.05 

1.15 

1.05 

1.10 

1.05 

1.00 

1.10 

.95 

.96 

.85 

1.60 
1.70 
1.65 
1.90 
1.05 
1.85 
2.00 
2.00 
1.90 
1.85 
1.75 
1.75 
1.00 
2.05 
2.10 
2.15 
2.20 
2.30 
2.50 
2.50 
2.55 
2.65 
2.05 
8.00 
2.85 
3.25 
3.05 
3.15 
3.15 
8.05 
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BOULDER  STATION   ON  BOULDER  CREEK. 

This  station,  described  in  the  Eighteenth  Annual  Beport,  Part  lY, 
page  171,  is  located  about  1^  miles  above  the  town  of  Boulder,  Oolorado. 
The  gage  rod  consists  of  an  inclined  2  by  G  inch  timber,  with  a  1  by  6 
inch  scale  fastened  to  it,  and  spiked  to  stakes  driven  into  the  ground. 
It  is  marked  to  vertical  0.10  of  a  foot,  the  space  between  the  marks 
being  0.207  of  a  foot.  The  bench  mark  is  a  large  stone,  20  feet  north 
of  the  gage.  Its  elevation  is  9.95  feet  above  the  zero  of  the  rod.  The 
observer  is  Mrs.  Oarrie  Osgood.  Both  banks  are  high  and  rocky,  and 
not  liable  to  overflow.  The  bed  of  the  creek  is  quite  rocky.  Measure- 
ments are  usually  made  by  wading,  but  during  high  water  can  be  made 
from  a  bridge  40  feet  above  the  gage.  On  June  14, 1897,  this  bridge 
was  cari-ied  out  by  a  flood.  The  following  measurements  of  discharge 
were  made  by  F.  Cogswell  and  others  in  1897 : 

May  21,  gage  height;  2.15  feet ;  discharge,  377  seconcl-fcet. 
July  26,  gage  height,  1.75  feet;  discharge,  298  second-feet. 
August  12,  gage  height,  1.55  feet ;  discharge,  224  second-feet. 
October  13,  gage  height,  0.55  foot ;  discharge,  4S  second-feet. 


Dailif  (/age  height,  in  feety  of  Boulder  Creek  at  Boulder,  ColorttdOy  for  1S97. 


\ 


Day. 

May. 

Jane. 

July. 

Aug. 

1.62 

1.75 

2.00 

2.20 

2.15 

1.92 

1.78 

1.80 

1.70 

1.68 

1.58 

1.58 

1.5S 

1.46 

1.40 

1.40 

1.38 

1.36 

1.36 

1.32 

1.30 

1.25 

1.22 

1.18 

1.12 

1.08 

1.05 

1.37 

1.12 

1.02 

1.05 

Sept. 

1 

Oct. 

1 

1.36 
1.40 
1.42 
1.45 
1.50 
1.60 
1.55 
1.65 
1.60 
1.00 
1.55 
1.45 
1.50 
1.58 
1.80 
1.85 
1.8.*) 
1.90 
2.12 
2.20 
2.18 
2.18 
2.30 
2.42 
2.50 
2.48 
2.62 
2.45 
2.45 
2.42 
2.48 

2.68 
2.60 
2.28 
2.12 
2.02 
2.00 
1.90 
1.90 
2.10 
3.62 
3.05 
2.72 
2.75 
2.70 
2.80 
2.75 
2.58 
2.35 
2.32 
2.40 
2.45 
2.60 
2.48 
2.42 
2.42 
2.50 
2.40 
2.35 
2.28 
2.25 

2.12 
2.15 
2.20 
2.48 
1.90 
1.85 
1.85 
2.20 
2.85 
2.56 
2.88 
2.15 
2.08 
2.08 
2.00 
1.98 
1.90 
1.92 
2.00 
1.90 
1.80 
1.65 
1.70 
1.82 
1.88 
1.75 
1.70 
1.62 
1.60 
1.65 
1.60 

1.00 

.95 

.96 

.90 

.85 

.80 

.80 

.75 

.75 

.78 

.88 

1.05 

1.08 

1.28 

1.18 

1.12 

1.08 

1.00 

.92 

.90 

.85 

.82 

.70 

.68 

.65 

.65 

.60; 

.60 

.60 

.66 

0  9i 

2 

.05 

3 

.80 

4 

.60 

6 

6 

.55 

.58 

7 

.70 ; 

8 

.05 ; 

0 

.78 

10 

.72 

11 

.70 

12    

.65 

13 

.68  ' 

14 

.55 

16 

.60 

1«   

.68 

17 

.70  ■ 

18 

.63  1 

19 

.58 

20 

.55 

21 

.60 

22 

.55  ! 

23 

.53 

24 

.48 

26 

.50 

28 

.42 

27 

.38 

28 

.42 

29 

.50 

30 

.45  1 

31 

.43 

1 

Not. 


0.40  I 
43  I 
55  I 
53 
SO 
45 
48 
53 
55 
90 
45 
40 
45 
50 
» 

» 
48 
55 
5S 
55 
50 
58 
55 
45 
30 
» 
45 
75 
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LYONS  STATION   ON  ST.   VRAIN  CREEK. 

This  station,  described  in  the  Eighteenth  Annual  Bei)ort,  Part  lY, 
)age  172,  is  located  one-half  mile  southeast  of  Lyons,  Colorado,  below 
jhe  intersection  of  the  north  and  south  forks  of  St.  Vrain  Creek.  The 
Supply  ditch  takes  water  out  on  the  left  side  of  the  stream,  above  the 
^ge.  To  obtain  the  total  run-off  of  the  drainage  basin  of  the  creek 
it  this  station,  the  amount  of  water  in  the  ditch  will  have  to  be  added 
:o  the  discharge  of  the  creek.  The  gage  is  an  inclined  2  by  4  inch  tim- 
ber, marked  to  vertical  0.10  of  a  foot,  the  space  between  the  marks  being 
).134  of  a  foot,  and  is  fastened  to  i)osts  driven  into  the  ground.  Both 
>anks  are  low  and  liable  to  overflow,  and  the  bed  of  the  stream  is  com- 
posed of  gravel.  Measurements  are  usually  made  by  wading,  but  at  high 
97ater  can  be  made  from  a  wagon  bridge  400  feet  below  the  gage.  The 
)bserver  is  Miss  Bessie  Sites.  The  following  measurements  of  discharge 
wrere  made  by  F,  Cogswell  and  others  in  1897 : 

May  25,  gage  height,  4.15  feet;  discharge,  659  second -feet. 
June  17,  gage  height,  4.40  feet;  discharge,  713  second-feet.      . 
June  ^,  gage  height,  3.70  foet;  discharge,  551  second-feet.   ' 
July  20,  gage  height,  3.10  feet;  discharge,  379  second- feet. 
Sept4^ra)>er  15,  gage  height,  2.10  feet;  discharge,  115  second-feet. 
November  10,  gage  height,  1.75  feet ;  discharge,  54  second-feet. 


Daily  gage  height,  infeetf  of  St,  Vrain  Creek  at  Lyons^  Colxfrado,  for  1897. 


Day. 

May. 

Jane. 

July. 

Aug. 

Sept. 

Oct. 

Nov. 

1         

4.05 
4.55 
4.05 
3.60 
3.60 
3.45 
3.85 
3.55 
4.15 
4.35 
5.45 
5.25 
6.10 
6.00 
6.10 
5.10 
4.35 
4.00 
3.80 
4.00 
4.20 
4.10 
4.25 
4.00 
4.00 
4.30 
3.85 
3.85 
3.75 
8.65 

3.65 
3.55 
3.75 
3.85 
3.25 
8.85 
8.45 
8.50 
4.05 
4.55 
8.80 
3.50 
8.50 
3.45 
8.70 
3.35 
3.40 
3.35 
8.55 
8..45 
3.25 
8.20 
.    2.85 
3.20 
8.05 
2.05 
2.05 
2.75 
2.85 
2.75 
2.86 

2.85 
2.85 
■3.00 
3.10 
8.75 
8.10 
2.95 
2.85 
2.75 
2.75 
2.70 
2.75 
2.66 
2.66 
2.55 
2.55 
2.55 
2.55 
2.55 
2.65 
2.55 
2.55 
2.65 
2.65 
2.55 
2.85 
2.85 
2.35 
2.85 
2.25 
2.15 

2.15 
2.15 
2.05 
2.05 
2.05 
2.05 
2.05 
2.00 
2.00 
2.06 
2.05 
1.95 
2.25 
2.80 
2.25 
2.35 
2.25 
2.25 
2.15 
2.05 
2.05 
2.05 
2.05 
1.95 
1.95 
1.96 
1.95 
1.86 
1.85 
1.85 

1.85 
1.&5 
1.85 
1.85 
1.75 
1.75 
1.75 
1.75 
1.75 
1.75 
1.75 
1.75 
1.65 
1.65 
1.65 
1.65 
1.80 
1.70 
1.65 
1.65 
1.65 
1.65 
1.65 
1.65 
1.65 
1.55 
1.55 
1.65 
1.65 
1.65 
1.65 

1.66 
1.65 
1.60 
1.60 
1.60 
1.55 
1.55 
1.55 
1.60 
1.60 
1.60 
1.55 
1.55 
1.65 
1.65 
1.65 
1.66 
1.65 
1.65 
1.65 
1.65 
1.66 
1.66 
1.65 
1.65 
1.75 
1.75 
1.65 
1.65 
1.55 

2 

3.08 
3.05 
2.05 
3.00 
3.05 
3.05 
3.20 
3.15 
3.15 
3.10 
3.00 
3.05 
3.10 
3.25 
3.35 
3.85 
4.G5 
3.70 
3.60 
3.70 
3.55 
3.90 
4.10 
4.30 
4.25 
4.80 
4.45 
4.25 
4.40 
4.40 

3 

4 

6   

6 

7 

8    

0 

10 

11 

12   

13 

14 

15       

16   

17   

18         

19       

20   

21        

22 

23     

24      

25 

26     

27     

28   

20       

30 

31 
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ARKINS  STATION  ON  BIG  THOMPSON  BIYER. 

This  station,  described  io  the  Eighteenth  Annaal  Report,  Part  IV. 
page  174,  is  located  about  9  miles  west  of  Loveland,  Colorado,  and 
about  600  feet  below  the  Home  Supply  Dam.  The  gage  is  vertical, 
unpainted,  but  notched  for  each  foot  and  0.10  of  a  foot,  and  is  fjEtfteued 
to  the  timbers  of  a  bridge.  The  bench  mark  is  a  notch  in  a  tree  aboat 
50  feet  below  the  gage,  on  the  left-hand  side  of  the  stream.  Its  ele 
vation  is  4.92  feet  above  the  zero  of  the  rod.  The  right  bank  is  high, 
but  the  left  is  low,  and  liable  to  overflow  at  high  water.  The  bed  of 
the  stream  is  of  gravel,  with  some  bowlders.  Measurements  are  usually 
made  from  the  upper  side  of  the  wagon  bridge.  The  head  gates  of  the 
Home  Supply  Ditch  and  Handy  Ditch  are  located  above  the  dam.  The 
observer  is  E.  Ghasteen.  The  following  measurements  of  discharge 
were  made  by  !B.  S.  Sumner  and  others  in  1897: 

May  26,  gage  height,  2.45  feet;  discharge,  804 second-feet. 
June  18,  gage  height,  1.60  feet;  discharge,  400  second-feet. 
June  29,  gage  height,  1.50  feet ;  discharge,  409  second-feet. 
July  21,  gage  height,  1.20  feet ;  discharge,  214  aecond-feet. 
September  16,  gage  height,  0.60  foot;  discharge,  61  second-feet. 
November  11,  gage  height,  0.65  foot;  discharge,  79  second-feet. 


Daily  gage  height,  in  feet,  of  Big  Thompson  Biver  at  Arkins,  Colorado,  for  1897. 


Day. 

May. 

Jnne. 

July. 

Aug. 

Sept. 

Oct. 

Not. 

1    

0.60 

.85 

.65 

1.00 

.85 

1.26 

L40 

L45 

L45 

L40 

L40 

Las 

L85 
1  50 
1.70 
1.75 
1.60 
1.70 
1.75 
1.85 
2.05 
1.85 
2.10 
2.05 
.  2.15 
2.05 
2.10 
1.85 
1.00 
1.00 
2.15 

2.40 
1.85 
1.55 
1.35 
1.25 
.45 
.40 
1.80 
1.75 
1.00 
2.55 
2.40 
2.35 
2.10 
2.25 
2.20 
1.75 
1.50 
1.70 
1.55 
1.75 
1.65 
1.66 
1.55 
L65 
1.80 
1.70 
1.40 
1.40 
1.85 

1.80 
1.30 
1.30 
1.15 
.05 
.95 
1.10 
1.80 
1.70 
1.65 
1.40 
1.80 
1.20 
1.40 
1.66 
1.45 
1.85 
1.45 
1.50 
L40 
1.10 
1.15 
1.15 
1.40 
1.25 
1.15 
1.16 
1.00 
1.00 
1.00 
1.10 

1.20 

1.15 

1.15 

1.80 

1.55 

L25 

1.15 

1.10 

1.10 

1.10 

1.06 

LOO 

.00 

LOO 

.85 

.70 

.80 

.65 

.60 

.70 

.60 

.60 

.60 

.56 

.45 

.40 

.50 

.50 

.55 

.60 

.55 

0.40 
.40 
.40 
.45 
.80 
.30 
.80 
.30 
.35 
.40 
.40 
,55 
.66 
.70 
.65 
.55 
.00 
.45 
.85 
.30 
.20 
.15 
.35 
.30 
.30 
.25 
.20 
.20 
.20 
.35 



0.40 

.40 

.30 

.30 

.80 

.25 

.15 

.20 

.35 

.80 

.30 

.20 

.10 

.10 

.06 

.03 

.08 

.10 

.00 

.00 

.00 

.00 

•00 

.00 

.00 

.00 

.00 

.00 

.25 

.50 

.20  . 

0.10 

2 

.W 

.50 
.45 
.M 
.50 
.45 
.50 
.35 

.a 
.« 

.00 
.00 
.00 
.00 
.00 
.00 
.15 

.» 

.30 
.25 

8 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

16 

16 

17 

18 

19 

20 

21 

22 

28 

24 

.» 

26 

.S5 

26 

.» 

27   

.45 

28   

.45 

29 

.45 

30   

.45 

81 
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ST.  PAUL  STATION  ON  NORTH  LOUP  RIVER. 


This  station,  described  iu  the  Eighteeiith  Annual  Report,  Part  lY, 
)age  17G,  is  located  on  the  left  bank,  at  the  lower  side  of  the  wagon 
bridge,  4  miles  north  of  St.  Paul,  IS'ebraska.  The  gage  consists  of  a 
)iece  of  oak,  2  by  3  inches,  16  feet  long,  with  the  face  inclined  30  degrees 
X)  the  horizontal.  This  rests  upon  cross-ties  well  bedded  and  covered, 
}he  bottom  of  the  rod  being  thrust  into  the  bed  of  the  river.  The  zero 
)f  this  rod  is  15,01  feet  belo'w  the  top  of  the  lower  horizontal  projecting 
)ait  of  the  footplate  at  the  north  end  of  the  west  truss  of  the  north 
span  of  the  bridge.  Bench  mark  2  is  the  standard  iron  pipe  with  brass 
sap  of  the  United  States  Geological  Survey.  It  is  set  with  the  top  5 
nches  above  the  ground  and  169  feet  north  of  the  gage  rod.  Its  eleva- 
Aon  is  6.54  feet  above  zero  of  gage.  The  observer  is  James  Stout,  jr. 
nie  bed  of  the  river  is  sandy  and  is  liable  to  change  during  floods. 
rhe  following  measurements  of  discharge  were  made  by  Adna  Dobson 
ind  O.  V.  P.  Stout  in  1897 : 

April  20,  gage  height,  2.89  feet;  discharge;  1,281  socond-feet. 
May  11,  gage  height,  2.85  feet;  discharge,  1,080  second- feet. 
May  28,  gage  height,  2.76  feet;  discharge,  1,061  second- feet. 
Jane  19,  gage  height,  2.94  feet;  discharge,  933  second-feet. 
July  17,  gage  height,  2.66  feet;  discharge,  615  second- feet. 
July  28,  gage  height,  2.85  feet;  discharge,  708  seoond-feet. 
Angnst  18,  gage  height,  2.82  feet;  discharge,  659  second-feet. 
October  10,  gage  height,  2.92  feet ;  discharge,  819  second-feet. 
October  31,  gage  height,  3.17  feet;  discharge,  1,525  second- feet. 

Daily  gage  height,  in  feetj  of  Xorth  Loup  Hirer  at  St.  Paulf  Nebraska,  for  1897. 


Day. 

Jan. 

Feb. 

Mar. 

Apr. 

2.86 
3.04 
3.82 
3.90 
2.80 
2.78 
2.70 
2.63 
2.68 
2.64 
3.11 
3.12 
3.10 
3.07 
3.05 
2.96 
2.96 
2.95 
3.04 
2.88 
2.98 
2.98 
3.02 
2.87 
2.85 
2.77 
2.79 
2.83 
2.89 
2.90 

Ma  J'. 

Jnne. 

July. 

Aug. 

Sept. 

Oct. 

1 

2.95 
2.93 
2.90 
2.94 
2.02 
2.93 
2.95 
2.90 
2.92 
2.87 
2.87 
2.85 
2.82 
2.88 
2.85 
2.85 
2.81 
2.79 
2.76 
2.77 
2.76 
2.75 
2.77 
2.76 
2.76 
2.75 
2.75 
2.70 
2.68 
2.68 
2.67 

2.65 
2.70 
2.76 
2.84 
2.82 
2.81 
2.79 
2.83 
2.80 
2.78 
2.78 
2.77 
2.78 
2.90 
2.95 
2.95 
2.90 
8.00 
2.94 
2.90 
8.70 
8.60 
3.30 
8.10 
2.98 
2.71 

8.89' 

8.80 

4.64 

3.80 
3.48 
4.02 
8.12 
8.13 
2.97 
2.95 
2.97 
2.74 
2.81 
2.83 
2.81 
2.87 
2.83 
2.75 
2.67 
2.80 
2.76 
2.89 
2.79 
2.77 
2.75 
2.78 
2.80 
2.88 
2.80 
2.94 
2.81 
2.79 
2.75 
2.74 

2.78 
2.76 
2.76 
2.76 
2.81 
2.76 
3.12 
2.98 
2.95 
2.96 
2.87 
2.84 
2.82 
2.85 
2.82 
2.82 
2.90 
2.91 
2.85 
2.82 
2.83 
2.80 
2.85 
2.79 
2.77 
2.76 
2.73 
2.76 
2.80 
2.77 
2.73 

2.75 
2.75 
2.85 
2.79 
2.80 
2.83 
2.84 
2.85 
2.73 
3.35 
3.00 
2.07 
2.95 
2.92 
2.89 
2.89 
2.85 
2.84 
2.84 
2.86 
2.86 
2.88 
2.85 
2.85 
2.84 
2.87 
2.82 
2.83 
2.82 
2.85 

2.91 
2.90 
2.92 
2.85 
2.85 
2.88 
2.88 
2.87 
2.91 
2.91 
2.90 
2.88 
2.93 
2.95 
2.07 
3.04 
3.32 
8.25 
3.01 
3.12 
8.05 
3.02 
8.02 
3.00 
8.08 
8.06 
8.03 
8.00 
8.02 
8.01 

2 

3.85 

3.70 

3.70 

3 

4  

8.72 

8.78 

5 

6 

3.80 

8.72 

3.79 

7 

8 

4.00 

8.76 

8.' 80* 
8.86 
4.08 
4.^ 
a2.84 
2.82 
2.80 
2.83 

9 

10 

4.40 

3.85 

11 

12 

8.88 

's.ii' 

13 

4.70 

u 

J5    

4.50 

16 

17 

18 

4.20 

8.93 

2.80 

S:::::...: 

20 

3.95 

2.88 

21 

22 

4.00 

2.85 
2.85 

'2.' 90* 

'3.12" 

23 

24 

3.62 

25 

28 1 

3.78 

3.62 

27 

28 

3.82 

'8.'62* 

29 

30 

8.80 

31 

aloe  going  out. 
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OPERATIONS   AT    RIVER    STATIONS,  1897. 


ST.  PAUL   STATION  ON  MIDDLE   LOUP  BIVEB. 

This  station,  described  in  the  Eighteenth  Annual  Report,  Part  IV, 
page  179,  is  located  on  the  right  bank  of  the  stream,  at  the  lower  side 
of  the  wagon  and  railroad  bridge,  1  mile  south  of  St.  Paul,  Nebraska. 
The  gage  consists  of  an  oak  stick,  2  by  3  inches,  16  feet  long,  inclined 
30  degrees  to  the  horizon.    This  is  securely  fastened  to  cross-ties  bedded 
in  the  soil.    The  zero  of  the  rod  is  9.62  feet  below  the  bottom  of  the 
downstream  end  of  the  cap  of  the  first  river  bent  at  the  sonth  end  of 
the  bridge.    Bench  mark  2  is  the  regulation  4-foot  iron  post  of  the 
United  States  Geological  Survey,  and  is  placed  with  its  top  3  inches 
above  the  ground,  50  feet  southeast  of  the  gage,  and  100  feet  at  right 
angles  from  line  of  downstream  rail  of  bridge.    Its  elevation  is  7.35 
feet  above  the  zero  of  the  gage.    The  observer  is  A.  0.  Snyder,  a 
farmer,  who  lives  one-third  mile  distant.    The  following  measurements 
of  discharge  were  made  by  Adua  Dobson  and  O.  V.  P.  Stout  in  1897; 

April  21,  jijage  height,  1.71  fet?t;  discharge,  1,792  second-feet. 
May  11,  gage  height,  1.77  feet;  discharge,  1,441  second-feet. 
May  27,  gage  height,  1.84  feet;  discharge,  1,256  second-feet. 
June  18,  gage  height,  1.87  feet;  discharge,  979  second-feet. 
July  16,  gage  height,  1.58  feet;  discharge,  816  second-feet. 
July  27,  gage  height,  1.56  feet;  discharge,  666  second- feet. 
August  18,  gage  height,  1.65  feet;  discharge,  661  seoond-feet. 
October  9,  gage  height,  1.70  feet ;  disoharge,  814  seoond-feet. 
October  30,  gage  height,  1.68  feet ;  discharge,  1,671  second-feet. 

Daily  gage  height ^  infeety  of  Middle  Loup  River  at  St.  Paul,  Nehraaka^for  18^7. 


Dav. 


Jan. 


1. 
2. 


5. 

6. 

7. 

8. 

9. 
10. 
11. 
12. 
13. 
14. 
15. 
16. 
17. 
18. 
10. 
20. 
21. 
22. 
23. 
24. 
25. 
26. 
27. 
28. 
29. 
30. 
31. 


50 
20 


2.00 
2.20 
2.45 
2.57 


2.80 


2.88 
2.87 
2.70 


2.47 


2.40 


Feb. 


2.40 


2.35 


2.31 


2.33 


2.30 

2.38' 

2.74 

2."i5 

2.'o6' 


Mar. 


2.20 
3.50 
3.20 


3.61 


3.00 
2.26 
1.45 


1.50 

2.i6 
2.10 
1.85 
1.86 

i.ii' 

1.90 

i.TO' 
1.70 


1.60 


Apr. 

May. 

Jnno. 

1.78 

1.43 

1.66 

1.05 

1.50 

1.69 

2.40 

1.54 

1.91 

2.35 

1.60 

1.86 

1.80 

1.65 

1.86 

1.95 

1.68 

1.67 

1.80 

1.65 

1.76 

1.78 

1.70 

1.75 

1.63 

1.78 

1.74 

1.66 

1.75 

1.79 

1.80 

1.77 

1.00 

2.25 

1.72 

1.85 

2.03 

1.78 

1.77 

2.25 

1.76 

1.80 

2.05 

1.63 

1.86 

1.90 

1.65 

l.&ft 

1.90 

1.67 

1.80 

1.65 

1.77 

1.87 

1.60 

1.73 

1.83 

1.63 

1.68 

1.68 

1.76 

1.86 

1.70 

1.70 

1.68 

1.75 

1.58 

1.80 

1.77 

1.77 

1.73 

1.68 

1.86 

1.77 

1.70 

1.78 

1.73 

1.87 

1.80 

1.83 

1.92 

1.75 

1.78 

1.79 

1.88 

1.75 

1.77 

1.60 

1.67 
1.68 

3.11 

Jaly.  !  Aug. 


Sept.     Oct 


2.64 
2.60 
2.17 
1.85 


1 

1. 

1. 

1. 

1. 

1. 


75 
68 
65 
58 
55 
09 
1.70 
1.78 
1.72 
1.55 
1.50 
1.47 
1.53 
1.00 
1.61 
1.72 
1.67 
1.64 
1.71 
1.68 
1.68 
1.70 
1.58 
1.55 
1.67 
1.65 
1.58 


1.42 
1.48 
1.50 
1.49 
1.07 
1.75 
1.71 
1.95 
1.92 
2.25 
1.78 
1.85 
1.77 
1.75 
1.73 
1.68 
1.64 
1.60 
1.66 
1.63 
1.65 
1.64 
1.67 
1.65 
1.51 
1.48 
1.50 
1.56 
1.64 
1.71 
1.75 


1.67 
1.60 
1.55 
1.48 
1.50 
1.62 


44 
38 

43 


1 
1 
1 
1.74 


1.70 

1.73 

1.76 

1. 

1. 


71 
74 
1.72 
1.65 
1.63 
1.68 
1.65 
1.67 
1.60 
1.70 
1.68 
1.65 
1.71 
1.64 
1.68 
1.50 
1.56 


1.60 
L58 
1.0 
1.72 
1.76 
1.68 
1.65 
1.W 
1.61 

1.7« 

i.e 

l.» 
1.6B 
l.» 
1.7? 
1.0 
l.» 
l.» 
1.86 
l.» 
1.73 
1.75 

1.78 
1.76 
1.73 
1» 
156 

1.66 
l.» 
l.S» 
1.TT 


DRAINAGE    BASIN   OF   THE   PLATTE   BIYEB. 


97 


COLUMBUS  STATION   ON  LOUP  BIYEB. 

Dhis  station,  described  in  the  Eighteenth  Annual  Report,  Part  lY, 
^e  182,  is  located  near  the  iron  bridge  of  the  Union  Pacific  Eailway, 
t  west  of  Golnmbns,  Nebraska,  The  observer  is  M.  Savage,  bridge 
tchman.  The  gage  is  50  yards  from  the  bridge,  and  is  of  oak,  3  by  G 
hes,  12  feet  long,  fastened  by  lag  screws  to  a  pile,  which  forms  part  of 
5  trainiug  works  above  the  bridge.  The  rod  is  vertical.  The  12-foot 
.rk  on  the  rod  is  7  feet  below  a  point  2  feet  east  of  the  third  panel 
int  of  the  north  truss  of  the  east  span,  counting  the  end  of  the  span 
the  first  panel  point.  Bench  mark  2  is  the  regulation  4- foot  iron 
5t  of  the  United  States  Geological  Survey,  placed  72  feet  east  of 
n^e  rod.  Its  elevation  is  13.27  feet  above  zero  of  gage.  The  follow- 
;  discharge  measurements  were  made  by  Adna  Dobson  and  O.  Y.  P. 
>ut  in  1897 : 

larch  19,  gf^g^  height,  5.22  feet ;  discharge,  6,307  second-feet, 
larch  23,  gage  height,  4.85  feet ;  discharge,  3,869  second- feet, 
.pril  27,  gage  height,  4.53  feet;  discharge,  2,972  second- feet, 
.pril  27,  gage  height,  4.53  feet;  discharge,  3,103  second-feet, 
lay  25,  gage  height,  4.77  feet;  discharge,  2,572  second-feet, 
lay  25,  gage  height,  4.77  feet;  discharge,  2,410  second- feet, 
nne  17,  gage  height,  4.72  feet;  discharge,  2,818  second-feet, 
aly  16,  gage  height,  4.01  feet;  discharge,  2,513  second- feet, 
nly  29,  gage  height,  3.87  feet;  discharge,  1,660  second- feet, 
ingnst  17,  gage  height,  4.27  feet;  discharge,  1,783  second-feet, 
lagast  29,  gage  height,  4.21  feet ;  discharge,  1,436  second- feet. 
October  7,  gage  height,  4.19  feet ;  discharge,  1,926  seoond-feet. 
)ctober  30,  gage  height,  4.70«feet;  discharge,  4,580  second-feet, 
foveniber  21,  gage  height,  4.40  feet;  discharge,  3,006  second-feet. 


Daily  gage  h^htj  in  feet, 

of  Loup  Biver  at  Columbus, 

Nehrtuka,  j 

or  1897, 

Day. 

Jan. 

Feb. 

Mar. 

Apr. 

May. 

4.46 
4.44 
4.62 
4.64 
4.56 
4.67 
4.67 
4.60 
4.62 
4.69 
4.63 
4.66 
4.63 
4.63 
4.66 
4.67 
4.66 
4.66 
4.66 
4.62 
4.64 
4.77 
4.78 
4.82 
4.77 
4.66 
4.60 
4.68 
4.62 
4.65 
4.47 

Jane. 

July. 

Aag. 

Sept. 

Oct. 

1 

5.24 

4.52 
4.44 
4.41 
4.80 
4.64 
4.78 
4.70 
4.68 
4.68 
4.68 
4.63 
4.70 
4.77 
4.75 
4.76 
4.74 
4.72 
4.69 
4.82 
4.74 
4.64 
4.43 
4.35 
4.34 
4.34 
4.44 
4.70 
4.95 
4.70 
6.00 

7.71 
6.32 
4.69 
4.60 
4.48 
4.22 
4.02 
3.84 
8.78 
8.86 
3.92 
4.02 
3.96 
3.91 
4.20 
4.06 
3.92 
3.84 
8.78 
3.95 
4.00 
3.96 
3.95 
8.96 
8.95 
8.98 
3.93 
8.86 
8.86 
8.86 
8.93 

3.89 
3.85 
3.81 
3.79 
4.02 
4.42 
4.81 
4.39 
4.71 
4.70 
4.81 
4.61 
4.64 
4.48 
4.40 
4.33 
4.28 
4.19 
4.17 
4.15 
4.16 
4.15 
4.15 
4.16 
4.16 
4.20 
4.15 
4.10 
4.20 
4.23 
4.28 

4.24 
4.20 
4.15 
4.15 
4.13 
4.09 
4.12 
4.03 
4.07 
4.22 
4.81 
4.36 
4.86 
4.84 
4.84 
4.30 
4.37 
4.28 
4.26 
4.23 
4.20 
4.20 
4.21 
4.24 
4.26 
4.26 
4.22 
4.20 
4.18 
4.16 

4.16 
4.16 
4.17 
4.16 
4.16 
4.16 
4.17 
4.18 
4.16 
4.18 
4.29 
4.43 
4.46 
4.44 
4.44 
4.60 
4.58 
5.00 
6.02  , 
4.86 
4.82 
4.76 
4.72 
-  4.80 
4.68 
4.64 
4.81 
6.26 
4.80 
4.75 

2 

7.63 

6.83" 

3 

4 

5 

4.06 

7.59 

6 

7 

% 

6.18 

4.88 
4.77 
4.70 
4.66 
4.44 
4.84 
4.93 
4.74 
4.70 
4.77 
4.91 
4.53 
4.63 
4.61 
4.62 
4.86 
4.82 
4.72 
4.66 
4.64 
4.41 
4.40 
4.64 

9 

7.68 

1.0 

li            

12 

7.18 

8.45 

13           

14.'.'.'.'.'.'. 

l5                

7.04 

L«        

6.73 

17             

i%         

L9 

6.43 

do             

e.46 

Il      

ia.: ;::::: 

63        

e.46 

4.86 

24             

15  ■:::.....  - 

?::;:;; 

7.68 

4.69 

67             

2b          

S:::;::::;::::::;::;:::... 

IQ 

4.76 

S  ::::;;;; 

JBB  16 1 
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OPERATION?   A?    RIVEB   STATIONS,  1897. 


COLUMBUS  STATION  ON  PLATTB  BIYEB. 

This  station,  described  in  the  Eighteenth  Annual  Eeport,  Part  IV, 
page  188,  is  located  on  the  left  bank  of  the  main  channel  of  the  river, 
about  75  feet  above  the  bridge  which  crosses  the  channel  on  the  sixth 
principal  meridian  near  Golumbns,  Nebraska.    The  observer  is  George 
E.  Barnum,  a  farmer,  whose  house  is  about  one-half  mile  from  the  gage. 
The  gage  consists  of  an  inclined  oak  piece,  3  by  4  inches  in  section,  and 
.12  feet  long.    It  is  fastened  to  cross  ties,  which  are  bedded,  and  to 
stakes  which  are  driven  in  the  bank  of  the  river.    The  channel  is 
straight  both  above  and  below  the  gage.    A  round  stump  on  the  west 
side  of  the  road  and  80  feet  north  of  the  north  end  of  the  north  truss 
of  the  bridge  and  a  square  stump  directly  opposite  on  the  east  side  of 
the  road  were  selected  as  bench  marks.    The  top  of  the  first  is  7.38 
feet  above  the  zero  of  the  gage,  and  the  top  of  the  second  is  7.66  feet 
above  the  zero  of  the  gage.    Bench  mark  3  is  the  standard  4foot iron 
post  of  the  United  States  Geological  Survey  and  is  located  44.5  feet 
east  of  gage,  60  feet  north  of  north  end  of  north  bridge  truss,  and  10 
feet  west  of  cottonwood  tree  6  inches  in  diameter.    Its  elevation  is 
7.06  feet  above  gage  datum.    The  following  discharge  measurements 
were  made  by  Adna  Dobson  and  O.  V.  P.  Stout  in  1897 : 

Marcli  20^  gage  height,  2.90  feet;  disoharge,  4,963  second-feet. 
April  29,  gage  height,  3.93  feet;  discharge,  8,608  second-feet. 
May  5,  gage  height,  3.79  feet ;  discharge,  7,322  second-feet. 
May  26,  gage  height,  4.31  feet;  discharge,  10,694 second-feet. 
Jnne  17,  gage  height,  4.37  feet;  discharge,  12,685  second-feet. 
Jnly  11,  gage  height,  3.05  feet;  discharge,  4,001  second-feet. 
July  28,  gage  height,  2.43  feet ;  discharge,  994  second-feet. 
Angnst  17,  gage  height,  3.18  feet;  discharge,  3,343  second-feet. 
August  29,  gage  height,  2.50  feet;  discharge,  1,649  seoond-feet. 
Octoher  7,  discharge,  2  second-feet. 
Novemher  20,  gage  height,  2.88  feet;  discharge,  2,645  second-feet. 

Daily  gage  heightj  infeetf  of  Platte  River  at  ColumbuSf  Nebraska,  far  1897* 


Day. 


1.. 
2.. 
8.. 
4... 

5... 

6... 

7... 

8... 
►  9... 
10... 
11... 
12... 
13... 
14... 
15... 
16.., 


May. 


8.70 
3.75 
3.82 
3.05 
4.10 
4.05 
4.20 
4.15 
4.20 
4.20 
4.20 
4.80 
4.80 


June. 


4.90 
4.88 
4.88 
5.15 
4.95 
4.80 
4.80 
4.85 
4.90 
4.95 
5.00 
5.30 
5.20 
4.82 
4.68 
4.58 


July. 


3.90 
3.90 
3.82 
3.65 
3.35 
3.18 
8.10 
3.10 
3.10 
3.00 
2.85 
2.70 
2.70 
2.70 
2.70 
2.70 


Aug. 


(a) 
(a) 

(a) 
(a) 
(a) 
(a) 
(a) 
(a) 
(a) 
(a) 
(a) 
(a) 

(o) 
(a) 
(a) 


Sept 


(a) 

(a) 
(a) 
(a) 

(a) 
(a) 
(a) 

(a) 
(a) 
(a) 
(a) 
(a) 
(a) 
(a) 
(a) 
(«) 


Oct. 


(a 
(a 
(a 
(a 
(a 
(o 
(« 
(a 
(a 
(a 

(« 
(a 
(a 

(« 
(« 
(a 


Day. 


17 
18 
19 
20 
21. 
22 
23. 
24. 
25. 
26. 
27. 
28. 
29. 
30 
31 


May. 


4.30 

4.40 

4.40 

4.28 

4.20 

4.20 

4.10 

4.00 

4.16 

4.80 

4.28 

4.48 

4.52 

4.75 

4.90 


June. 


4.42 
4.05 
3.90 
3.95 
4.20 
4.82 
4.22 
4.18 
4.25 
4.80 
4.80 
4.25 
4.15 
8.96 
(a) 


July. 


2.70 

(«) 
(a) 
(a) 

(a) 
(a) 
(a) 

(•) 
(«) 
(a) 

(«) 
(a) 
(a) 
(a) 
(a) 


Aug. 


2.70 
2.80 
2.80 
2.90 
2.90 
2.90 
2.80 
2.70 
2.60 
2.  fid 
2.00 
2.60 
2.20 
2.29 
2.20 


Sept 


(«) 
(•) 
(«) 
(«) 
(«) 
(«) 
<•) 
(•) 
(•) 
(e) 
(•) 
(•) 
(•) 
(a) 

(«) 


Oct 


(•) 
(•) 
(•) 
(•) 
(•) 
(•) 
(•) 
{•) 
(•» 
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a  No  water  at  gage. 
NoTK. — August  17  rod  found  to  be  loose,  and  heights  sRbjeot  to  change^ 


DRAINAGE   BASIN   OF   THE   PLATTE    RIVER.  99 

NORFOLK  STATION  ON  ELKHORN  RIVER. 

This  Station,  described  in  the  Eighteenth  Aunaal  Report,  Part  IV, 
page  190,  is  aboat  2  miles  south  of  Norfolk,  Nebraska,  near  the  line  of 
Thirteenth  street  extended.  The  gage  is  on  the  left  bank  of  the  river. 
It  consists  of  ail  inclined  oak  piece,  2  by  4  inches,  12  feet  long,  resting 
on  beveled  blocks  which  rest  in  turn  on  horizontally  bedded  cross-ties. 
All  are  firmly  fastened  together  by  lag  screws.  The  zero  of  the  gage 
8  8.21  feet  below  a  small  spike  driven  horizontally  into  a  tree  near  the 
root,  about  20  feet  back,  and  downstream  from  the  gage.  Also,  the 
zero  of  the  gage  is  3.9G  feet  below  the  head  of  a  lag  screw  which  is 
placed  vertically  in  the  horizontal  trunk  of  a  large  living  willow  tree 
which  overhangs  the  stream  about  15  feet  below  the  gage.  Bench  mark 
3  is  a  standard  4  foot  iron  pipe  of  the  United  States  Geological  Survey, 
located  35  feet  west  and  7  feet  north  of  top  of  gage,  and  15.5  feet  west 
of  ash  tree  on  which  is  bench  mark  1.  Its  elevation  is  10.70  feet  above 
zero  of  gage.  The  observer  is  Burr  Taft,  a  farmer,  whose  home  is  about 
300  yards  from  the  gage.  The  river  bed  at  the  station  is  composed  of 
sand  and  mud.  The  following  measurements  of  discharge  were  made 
by  O.  V.  P.  Stout  and  Adna  Dobson,  in  1897 : 

March  24,  gage  height,  2.72  feet;  diaoharge,  1,323  second-feet. 

May  6,  gage  height,  2.02  feet ;  discharge,  647  Becond-feet. 

May  24,  gage  height,  1.38  feet;  discharge,  387  second-feet. 

June  21,  gage  height,  1.03  feet;  discharge,  270  second-feet. 

Jaly  9,  gage  height,  0.90  foot ;  discharge,  212  second-feet. 

July  30,  gage  height,  0.78  foot;  discharge  200  second- feet. 

Angast  16,  gage  height,  0.89  foot;  discharge  220  second-feet. 

September  2,  gage  height,  0.68  foot;  discharge,  163  second- leet. 

October  15,  gage  height,  0.79  foot;  discharge,  168  seoond-feet. 
^orth  Fork : 
March  24,  discharge,  701  second-feet. 
May  6,  discharge,  166  second-feet. 
May  24,  discharge,  77  second-feet. 
July  dO,  discbarge,  70  second- leet. 
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Daily  gage  height,  in  feet,  of  Elkhom  River  at  Norfolk,  Nebraska,  for  1897. 


2. 

3. 

4. 

5. 

6. 

7. 

8. 

9. 
10. 
11. 
12. 
13. 
14. 
15. 
16. 
17. 
18. 
10. 
20. 
21. 
22. 
23. 
24. 
25. 
26. 
27. 
28. 
29. 
30. 
31. 


Day. 


Jan. 


Feb. 


2.90 


2.52 


2.86 


2.99 


2.06 


2.04 


2.72 


4.24 


3.22 


Mar. 


3.01 


3.42 


2.24 


Apr. 


4.06 
5.95 


5.66 
6.43 
6.93 
6.62 
6.27 
5.50 
5.26 
4.90 
4.52 
4.28 
4.08 
8.99 
3.98 
3.89 
3.93 
3.87 
3.72 
3.56 
3.42 
3.26 
3.10 
2.94 
2.82 
2.66 
2.51 


May.   June. 


2.41 
2.30 
2.22 
2.15 
2.05 
2.01 
1.93 
1.93 
2.12 
1.96 
1.86 
1.80 
1.78 
1.74 
1.73 
1.66 
1.65 
1.65 
1.57 
1.52 
1.48 
1.47 
1.47 
1.38 
1.35 
1.34 


1.31 
1.26 
1.24 
1.22 


1.22 
1.33 
1.34 
1.29 
1.26 
1.26 
1.24 
1.20 
1.16 
1.16 
1.15 
1.12 
1.11 
l.ll 
1.12 
1.09 
1.16 
1.16 


1.11 
1.03 
1.03 
1.04 
1.03 
1.00 
1.01 
1.00 
1.01 
1.07 
1.18 


July. 

Aug. 

Sept. 

1.21 

0.70 

0.64 

1.21 

.75 

.67 

1.12 

.80 

.63 

1.U8 

.81 

.61 

1.02 

.81 

.62 

.96 

1.00 

.58 

.95 

.91 

.57 

.89 

1.06 

.56 

.88 

1.06 

.50 

1.21 

1.03 

.65 

1.36 

.97 

.65 

1. 10 

.96 

.64 

1.02 

.90 

.64 

1.00 

.96 

.64 

.96 

.95 

.64 

.91 

.90 

.73 

.89 

.81 

.79 

.86 

.86 

.78 

.82 

.86 

.77 

1.01 

.81 

.70 

1.02 

.76 

.77 

.76 

.70 

.9i 

.76 

.70 

.90 

.74 

.76 

.86 

.75 

.70 

.86 

.72 

.60 

.82 

.70 

.68 

.81 

.71 

.64 

.76 

.67 

.66 

.76 

.70 

.63 

.76 

.64 

Oct. 


0.6} 

.62 

.60 

.61 

.61 

.64 

.64 

.70 

.67 

.71 

.72 

.71 

.85 

.85 

.77 

.84 

.04 

9.71 

1.02 

1.00 

.08 

.96 

.94 

.01 

.04 

.06 

.09 

1.06 

L07 

1.09 

1.12 


WESTERN  RIVER  STATIONS. 

The  descriptions  of  the  remaining  river  stations,  mainly  within  the 
Eocky  Mountain  Eegiou,  and  tables  of  river  height,  are  piinted  in 
Water-supply  and  Irrigation  Paper  No.  16,  since  the  publicatioDS  of 
this  series  are  limited  by  the  act  of  June  11, 1896,  to  100  pages  io 
length.  The  results  of  computations  of  discharge  and  facts  of  general 
interest  are  prepared  for  publication  in  the  Nineteenth  Annual  Report 
of  this  survey,  these  being  accompanied  by  diagrams,  maps,  and  otber 
illustrations,  in  form  similar  to  the  report  of  progress  of  stream  meas 
urements  for  the  calendar  year  1896,  printed  in  the  Eighteenth  Annual 
Eeport,  Part  IV. 

[For  index,  see  Part  II  of  this  report — Water-Supply  Paper  No.  16.] 
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LETTER  OF  TRANSMITTAL. 

Department  of  the  Interior, 
United  States  Geological  Survey, 

Division  of  Htdbogbapht, 

Washington^  February  15^  1S9S, 
Sir  :  I  have  the  honor  to  traDsmit  herewith  brief  descriptions  of  tbe 
river  stations  at  which  work  was  carried  on  by  the  Division  of  Hydrog- 
raphy of  this  Survey  daring  1897,  together  with  tables  of  daily  hde"^^ 
Very  respectfully,  ^   ^  Newell, 

Hon.  CHARLES  D.  WALCOTT,  Hydrographer  in  Charge. 

Director  United  States  Geological  Survey. 
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INTBODUCTION. 

Descriptions  of  river  stations  in  the  eastern  part  of  the  United  States 
and  tbose  on  the  headwaters  of  the  Missouri  and  Platte  rivers  are 
given  in  pai>er  I^o.  15  of  this  series.  The  results  of  the  computations 
of  discharge,  together  with  diagrams,  maps,  and  other  illustrations,  are 
prepared  for  publication  in  the  I^ineteenth  Annual  Eeport  of  this  Sur- 
vey, in  form  similar  to  the  results  for  1896,  given  in  the  Eighteenth 
Annual  Eeport,  Part  lY,  pp.  1-418.  The  descriptions  of  operations  at 
river  stations,  with  accompanying  tables  of  daily  gage  heights,  are 
printed  in  this  series  of  Water-Supply  and  Irrigation  Papers  in  order 
that  the  results  may  be  available  at  as  early  a  date  as  x>ossible,  the 
preparation  and  printing  of  the  necessary  illustrations  for  the  annual 
report  requiring  much  time.  In  order  to  print  these  descriptions  in 
this  series  of  papers  it  has  been  found  necessary  to  divide  them  into 
two  parts,  a«  by  the  act  of  June  11, 1896  (Stat.  L.,  Vol.  XXIX,  p.  463), 
the  papers  can  not  exceed  100  pages  in  length. 

The  subject-matter  of  this  and  the  preceding  paper  has  been  so 
arranged  as  to  follow  the  general  geographic  order  of  the  drainage 
basins,  beginning  at  the  extreme  east  and  extending  southerly  along 
the  Atlantic  slope,  then  taking  up  the  headwaters  of  the  Ohio,  next 
the  upi)er  Missouri  and  its  great  tributary  the  Platte.  This  material 
has  been  found  to  occupy  the  prescribed  limit  of  100  pages  of  paper 
No.  15.  In  the  present  paper  (No.  16),  the  stations  on  the  Bepublican 
Biver  and  other  tributaries  of  Kansas  Eiver  are  taken  up;  then  those 
on  the  Arkansas  Biver,  Bio  Grande,  and  the  tributaries  of  the  great 
Colorado  Biver  west;  next  the  stations  on  the  rivers  of  the  great  inte- 
rior basin ;  then  those  on  the  streams  flowing  into  Oolumbia  Biver;  and 
finally  the  stations  in  Oalifomia. 

SUPEBIOB  STATION  ON  REPUBLICAN  BIVBB. 

This  station,  described  in  the  Eighteenth  Annual  Beport  of  the 
United  States  Geological  Survey,  Part  lY ,  page  109,  is  located  about  1 
mile  west  of  Superior,  Nebraska.  It  is  on  the  left  bank  of  the  river, 
about  25  feet  above  the  iron  highway  bridge.  A  dam  and  the  head  of 
a  mill  rac49  are  only  a  short  distance  below  the  bridge.    The  observer  is 
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T.  O.  ShefPer.  The  ^age  consists  of  an  oak  piece  2  by  4  inclies,  10  feet 
long.  Tbe  face  is  inclined  30  degrees  to  the  horizontal,  and  the  foot- 
marks are  placed  2  feet  apart  to  correspond  to  this  inclination.  The 
rod  is  fastened  to  cross-ties  which  are  bedded  in  the  bank  of  the  river. 
The  location  is  on  the  outside  of  an  easy  bend  in  the  river.  The  bed 
of  the  river  is  of  mud  and  sand.  Tlie  top  of  the  rim  of  the  upstream 
cylinder  of  the  north  pier  is  15.42  feet  above  zero  of  the  gage.  Bencli 
mark  2  is  the  standard  4foot  iron  pipe  of  the  United  States  Geological 
Survey.  It  is  83  feet  north  of  the  upstream  cylinder  of  the  north  piar 
of  the  bridge  and  is  10  feet  west  of  the  line  of  the  upstream  truss  of 
the  bridge.  It  is  1  foot  inside  a  wire  fence.  The  top  of  the  pipe  is  4 
inches  above  the  ground  and  the  elevation  is  4.88  feet  above  gage  datam. 
The  following  measurements  were  made  in  1897  by  Adna  Dobson  and 
O.  Y.  P.  Stout : 

April  12;  gage  height,  1.12  feet;  discharge^  1,257  sccoud-feet. 
April  24,  gage  height,  0.99  foot;  discharge,  887  secoud-feet. 
May  18,  gage  height,  0.45  foot;  discharge,  337  second-feet. 
June  12,  gage  height,  0.72  foot ;  discharge,  716  second-feet. 
July  8,  gage  height,  0.87  foot ;  discharge,  766  second-feet. 
July  18,  gage  height,  0.32  foot;  discharge,  222  secoud-feet. 
August  6,  gage  height,  0.49  foot;  discharge,  372  second- feet. 
August  22,  gage  height,  —  0.05  foot;  dischargo,  195  second-foot. 
September  25,  gage  height,  0.04  foot ;  discharge,  81  second-feet. 
October  24,  gage  height,  0.02  foot;  discharge,  184  second-feet. 

Daily  gage  Iwighty  in  feet,  of  liepublican  River  at  Superior  j  Nebraska,  for  fS97. 


Day. 

Jan. 

Feb. 

1.01 
1.01 
1.01 
1.01 
1.01 
1.01 
1.01 
1.01 
1.01 
1. 01 
1.01 
1.01 
1.01 

Mar. 

Apr. 

May. 

June. 

0.28 
.27 
.32 
.32 
.27 
.36 
.54 
.40 
.34 
.31 
.92 
.74 
.54 
.71 
.48 
.76 
.79 
.74 
.  66 
.68 
.58 
.47 
.43 
.48 
.83 
2.42 
4.38 
1.87 
1.78 
1.72 

July. 

1.48 

.75 

1.65 

1.39 

1.35 

2.15 

1.64 

1.80 

1.48 

1.06 

.94 

.70 

.51 

.39 

.34 

.28 

.2S 

.32 

.25 

.34 

.30 

.22 

.66 

.69 

.15 

.23 

.16 

.84 

.80 

.17 

.14 

Aug. 

Sept. 

Oct 

i 

1 

0.87 
.77 
.60 
.67 
.64 
.66 
.03 
.60 
.77 
.80 
.66 
.62 
.60 
.54 
.52 
.50 
.48 
.45 
.42 
.38 
.35 
.37 

1.10 
.63 
.61 
.57 
.63 
.42 
.40 
.32 
.27 

0.08 
.12 
.08 
.07 
.12 
.48 
.20 
.57 
.56 
.45 
.45 
.56 
.54 
.56 
.10 
.14 
.14 
.18 
.21 
.31 
.24 
.30 
.27 
.57 
.60 
.39 
.31 
.26 
.23 
.14 
.11 

0.12 
.06 
.01 

—  .06 
+  .04 

.03 
.01 

—  .20 
.25 

—  .16 

—  .02 
-f  .20 

.60 
.00 
.01 
.36 
.26 
.26 
.15 
.10 
.05 
.04 

—  .05 
f  .01 

.02 

—  .85 

—  .12 
.09 

—  .06 

—  .05 

—0,12 

2 

0.75 
.80 
.80 
.80 
.80 
.80 
.80 
.80 
.80 
.80 
.80 
.80 
.80 
.80 
.80 

0.84 

0.97 

-  .34 

8 

.00 
-.35 

4 

'"."76' 
.70 

",*64* 

1.00 
1.67 
1.50 
1.05 
1.18 
1.12 
1.08 
1.09 
1.12 
1.14 
1.07 
1.09 
1.62 
1.31 
l.H 
1.08 
1.05 
1.03 
1.02 
.92 
1.00 
.98 
.88 
.82 
1.32 
1.20 
.98 

5 

_  .30 

6 

-.58 

7 

-.30 
-.52 

8 

9 

-  .71 

10 

-.50 
-.35 

-.» 
-.53 

—  .66 

11 

12 

13 

14 

15 

1.01 

.71 

-.90 

16 

4    .04 

17 

.55 

1.22 

18 

1.30 

19 

1.00 

"'.hb' 

"'.hi 
'".'se 

.65 

1.25 

20 : 

.90 

1.19 

21 

l.U 

22 

I.IO 

23 

1.01 
1.01 
1.01 
1.01 
1.01 
1.01 
1.01 
1.01 
1.01 

MI 

24 

-.05 

25 

1.22 

+1.06 

2« 

l.Od 

27 

.64 

2.45 

28 

2.J2 

29 

I.5S 

30 

1.45 

81 

.81 
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JUNCTION  OITY  STATION  ON  REPUBLICAN  RIVER. 

This  station,  as  described  in  the  Eighteenth  Annual  Eeport,  Part 
V,  page  203,  is  located  at  the  wagon  bridge  at  the  north  end  of  Wash- 
igton  street,  Junction  City,  Kansas.  The  observer  is  John  Davis. 
*li6  gage  consists  of  two  oak  timbers  bolted  to  a  post  and  to  a  cotton- 
ood  tree.  One  bench  mark  consists  of  a  60-penny  nail  driven  into 
lie  base  of  the  abutment  at  an  elevation  of  10,67  feet  on  the  scale.  A 
3cond  bench  mark  is  the  top  of  the  stone  in  the  base  of  the  bridge 
butmeut,  18  feet  south  of  the  gage;  its  elevation  is  14.51  feet.  A 
[ibsidiary  gage  for  determining  the  slope  has  been  placed  607  feet 
pstream,  and  referred  to  the  same  datum.  The  right  bank  is  high, 
ut  the  left  is  low  and  may  overflow  in  high  water.  The  bed  of  the 
bream  is  sandy  and  changeable.  The  following  are  the  discharge 
leasurements  made  in  1897  by  W.  G.  Bussell : 


Date. 


Feb.  23. 
Mar.  23. 
Apr.  7 . . 
Apr.  20 . 
Apr.  27 . 
May  6.. 


Gage 
height. 


Feet. 

4.30 

3.80 

4.30 

4.90 

6.10 

3.60 


Dis- 
charge. 


Date. 


See./t. 
1,021  ;i  May  21. 
611  1 1  June  1  . 
1,015  I  June  16 
1,433  Jane  30 
3,565  jl  July  13. 
1,078  ' 


Gage 
height. 

Dis- 
ohargo. 

Feet. 

Sec.  ft. 

3.10 

725 

3.70 

869 

6.30 

3,637 

7.40 

6,053 

5.95 

3,141 

Date. 


I  July  28  . 

Aug.  18 . 
j  Sept.  30. 
I  Oct.  26.. 

Nov.  12 . 


Oage 
height. 


Feet. 

4.45 

4.20 

2.30 

2.80 

3.50 


Dis- 
charge. 


See.  ft. 

1,367 

1,243 

175 

313 

616 


Daily  gage  height^  infeety  of  Repuhlican  liiver  at  Junction  City,  Kansas  for  1897. 


Day. 

Jan. 

Feb. 

3.40 
3.40 
3.55 
3.85 
4.00 
4.05 
4.15 
4.15 
4.20 
4.25 
4.25 
4.20 
4.55 
4.85 
4.80 
4.80 
5.00 
5.85 
5.20 
5.15 
4.80 
4.35 
4.20 
4.30 
4.20 
4.40 
4.10 
3.85 

Mar. 

Apr. 

4.00 
4.00 
4.00 
4.05 
4.10 
4.15 
4.26 
4.56 
4.60 
4.70 
4.60 
4.70 
4.60 
4.45 
4.45 
4.45 
4. 45 
4.40 
4.40 
4.80 
4.80 
4.65 
4.65 
7.20 
7.95 
7.35 
6.20 
5.70 
5.05 
4.70 

May. 

4.40 
4.40 
4.35 
4.20 
3.95 
8.70 
3.50 
3.50 
3.40 
3.35 
3.56 
3.55 
3.40 
3.45 
3.55 
3.60 
3.50 
3.40 
3.35 
3.15 
3.10 
3.05 
2.95 
2.80 
2.80 
2.80 
3.55 
4.55 
5.50 
4.75 
4.15 

June. 

July. 

6.15 

6.50 

6.40 

5.65 

5.05 

4.90 

4.70 

4.50 

4.65 

7.05 

7.50 

7.25 

5.80 

5.00 

4.30 

3.90 

3.65 

3.45 

3.30 

3.15 

3.05- 

3.23 

3.30 

3.05 

3.20 

3.30 

3.35 

4.40 

3.90 

3.40 

3.15 

^ug- 

Sept. 

Oct. 

Nov. 

4.15 
3.60 
3.40 
3.30 
3.35 
3.40 
3.40 
3.40 
3.50 
3.50 
3.50 
3.60 
3.50 
3.50 
3.45 
3.40 
3.40 
3.40 
3.40 
3.40 
3.40 
3.40 
3.40 
3.35 
3.80 
3.40 
3.40 
3.35 
2.85 
2.70 

Doc. 

1 

3.70 
3.80 
3.95 
3.80 
3.80 
3.70 
3.70 
3.60 
3.65 
3.55 
3.45 
3.45 
3.50 
3.55 
3.35 
3.45 
3.60 
3.60 
3.50 
3.65 
3.60 
3.70 
4.20 
3.50 
3.50 
3.60 
3.40 
3.40 
3.35 
3.30 
3.30 

3.80 
3.70 
3.65 
3.95 
4.05 
3.85 
3.80 
3.85 
4.20 
4.05 
3.90 
3.90 
3.90 
3.80 
3.70 
3.70 
3.60 
3.80 
3.85 
3.90 
3.80 
3.75 
3.75 
3.75 
3.70 
3.90 
3.90 
3.90 
3.90 
3.90 
3.90 

3.05 
3.35 
3.15 
3.05 
2.95 
2.85 
2.80 
2.80 
2.70 
2.70 
2.70 
2.90 
4.55 
6.25 
5.60 
6.15 
5.70 
6.05 
5.70 
4.90 
5.00 
4.35 
4.05 
4.55 
5.25 
5.10 
3.95 
3.80 
5.70 
7.40 

2.95 
3.45 
3.00 
2.85 
3.40 
3.60 
3.  05 
2.85 
2.75 
2.70 
2.85 
3.  GO 
3.35 
3.55 
4.80 
5.25 
6.00 
4.15 
4.35 
3.30 
3.00 
2.85 
2.70 
2.70 
2.65 
2.60 
2.60 
2.60 
2.85 
2.90 
2.80 

2.75 
2.60 
2.55 
2.50 
2.50 
2.50 
2.50 
2.35 
2.30 
2.35 
2.50 
2.30 
2.30 
2.30 
2.30 
2.30 
2.30 
2.30 
2.30 
2.30 
3.05 
3.25 
3.05 
2.75 
2.  GO 
2.50 
2.40 
2.40 
2.35 
2.30 

2.30 
2.30 
2.30 
2.20 
2.20 
2.20 
2.20 
2.20 
2.20 
2.20 
2.20 
2.20 
2.20 
2.15 
2.10 
2.20 
2.40 
2.40 
2.40 
2.55 
2.85 
3.00 
3.00 
3.00 
2.90 
2.80 
2.90 
2.80 
2.80 
2.80 
2.90 

2.70 
2.80 
3.10 
3.20 
3.30 
3.30 
3.30 
3.30 
3.40 
3.50 
3.40 
3.45 
3.55 
3.50 
3.50 
3.60 
3.60 
3.60 
3.60 
3.50 
3.40 
3.50 
3.50 
3.50 
3.60 
3.55 
3.65 
3.80 
8.90 
3.80 
3.80 

2 1 

3 

4 

6 

6 

7 

8 

9 

.  10 

11 

12 

13 

14 

15 

16 

17 

1« 

19 

20 

21 

22 

23 

24 

25 

26 

37 

28 

29 

30 

31 
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BELOIT  STATION  ON  SOLOMON  BIYSR. 

This  station,  described  in  the  Eighteenth  Annual  Beport,  Part  IT, 
page  207,  is  located  at  the  wagon  bridge  on  the  south  edge  of  the  tovn 
of  Beloit,  Kansas.  The  observer  is  W.  F.  Jordon.  The  rod  of  the  ^re 
gage  is  a  spruce  board,  12  feet  long,  graduated  in  feet  and  tenths, 
spiked  to  the  upstream  edge  of  the  bridge  floor,  over  the  deepest 
water.  The  bench  mark  consists  of  a  tenpenny  nail  driven  into  the 
base  of  a  cottonwood  tree  35  feet  northwest  of  the  pier  upon  which  the 
marks  are  made.  Its  elevation  is  13.70  feet.  Measurements  were  made 
from  the  bridge,  the  initial  point  being  at  the  south  edge  of  the  stone 
abutment  on  the  left  bank  of  the  stream.  This  station  was  discon- 
tinued on  June  30, 1897,  as  a  more  favorable  location  was  found  at 
Niles,  and  a  station  was  therefore  established  at  the  latter  place.  The 
following  discharge  measurements  were  made  in  1897  by  W.  G.  Bussell: 

February  38,  gage  height,  3.50  feet ;  discharge,  102  Becond-feet. 
March  23,  gage  height,  2.70  feet;  discharge,  24  second-feet. 
April  7,  gage  height,  4.20  feet ;  discharge,  508  second-feet. 
April  20,  gage  height,  3.55  feet;  discharge,  247  second-feet. 
April  28,  gage  height,  3.40  feet ;  discharge,  270  second-feet. 
May  20,  gage  height,  3.10  feet;  discharge,  197  second-feet. 
Jane  15,  gage  height,  7.80  feet ;  discharge,  2,565  second-feet. 

Daily  gage  height,  in  feet,  of  Solomon  River  at  Beloit,  Kaneae,  for  1897. 


Bty. 

Jan. 

Feb. 

Mar. 

Apr. 

May. 

June. 

Day. 

Jan. 

Feb. 

Mar. 

Apr. 

Maj. 

1 
Juoe. 

1 

1 

i 

1.... 

2.... 

3.... 

4.... 

5.... 

6.... 

7.... 

8.... 

9.... 
10.... 
11.... 
12.... 
18.... 
14.... 
16.... 
16.... 

8.20 
3.20 
2.46 
3.10 
2.40 
3.16 
2.85 
3.06 
3.06 
2.85 
3.40 
3.10 
3.80 
2.75 
8.20 
8.40 

3.25 
2.95 
8.40 
2.60 
8.40 
8.40 
2.60 
8.40 
8.35 
3.35 
3.45 
3.56 
8.40 
8.00 
3.40 
8.45 

3.66 
8.46 
3.45 
3.65 
3.65 
8.70 
8.10 
3.40 
3.65 
8.86 
8.50 
3.45 
3.46 
3.10 
3.35 
3.45 

3.66. 
8.60 
8.70 
6.30 
4.70 
4.55 
4.05 
8.90 
4.46 
4.20 
4.05 
4.06 
3.80 
3.65 
3.65 
3.4o 

8.70 
3.66 
3.45 
3.45 
3.30 
3.25 
3.26 
8.40 
3.06 
8.20 
8.80 
3.66 
3.80 
3.25 
3.10 
8.10 

2.66 
2.75 
8.00 
2.75 
2.90 
2.60 
2.66 
2.76 
2.70 
2.76 
4.85 
11.65 
6.70 
3.65 
12.10 
23.25 

17 

18 

19 

20 

21 

22 

23 

24 

25 

26 

27 

28 

29 

30 

81 

2.80 
8.40 
8.45 
3.45 
3.40 
3.40 
8.40 
2.96 
2.96 
3.46 
3.36 
3.40 
2.00 
8.36 
2.65 

3.66 
3.90 
3.60 
8.55 
3.16 
3.50 
3.45 
3.46 
8.46 
8.40 
8.60 
2.60 

8.35 
8.60 
8.8.«> 
3.60 
3.10 
8.60 
3.16 
3.45 
3.00 
3.05 
3.50 
8.25 
3.70 
3.65 
3.66 

8.45 
3.30 
3.50 
3.35 
8.60 
3.60 
3.60 
7.10 
8.90 
3.55 
3.50 
8.45 
3.66 
8.96 

3.15 
8.15 
3.05 
3.00 
3.06 
8.90 
2.90 
8.65 
8.85 
3.20 
3,00 
2.50 
8.00 
2.60 
3.00 

i&.oe 

S.30 
8.10 

«.« 

3.0 

iOO 

%,» 

4.00 

OlOO 

3.M 

14.75 

tLSS 
10. 4S 

i 

1 
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NILES  STATION  ON  SOLOMON  BIVSB. 

This  station  is  located  at  a  bridge  one-half  mile  west  of  Niles,  Kansas, 
and  was  established  May  5, 1897.  The  rod  of  the  wire  gage  is  spiked 
to  the  floor  of  the  bridge.  It  is  1  by  4  inches  by  24  feet  long.  The 
bench  mark  is  the  upper  one  of  three  nails  driven  into  a  cottonwood 
tree  18  inches  in  diameter,  north  side  of  the  river  and  25  feet  east  of 
the  bridge.  Its  elevation  is  24.96  feet  above  gage  datum.  The  initial 
IK>int  for  soundings  is  on  the  right  bank.  The  channel  is  straight  for 
about  100  feet  above  and  below  the  section.  The  current  is  sluggish. 
The  right  bank  is  high,  and  the  left  bank  overflows  only  in  very  high 
water.  The  bed  of  the  stream  is  muddy.  The  observer  is  J.  J.  Little. 
The  following  discharge  measurements  were  made  in  1897  by  W.  G. 
Bassell : 


Bftte. 

Otkge 
height. 

Dis. 
ohArge. 

Date. 

Gmee 
height 

Bis. 
charge. 

Date. 

Ckure 
hei^t. 

Dis- 
charge. 

See.  ft. 

193 

193 

95 

83 

96 

May  5.... 

May  20... 
June  1 . . . 
Jane  15  . . 
Jane  16  . . 

Fui. 
6.60 
6.70 
5.30 
13.60 
9.40 

See.  ft. 
386 
253 
179 

1,898 
974 

Jane  17  . . . 
Jane  18  ... 
Jane  18  ... 

Jnlyl 

July  13 

Feet. 
13.55 
16.95 
18.25 
20.70 

7.56 

See.  ft, 
2,083 
3,159 
3,701 
4,856 
451 

Jaly  28.. 
Aag.  18  .. 
Sept.  SO.. 
Oct.  25... 
Nov.  12  .. 

Feet. 
5.80 
5.60 
4.80 
4.50 
4.80 

Dailjf  gage  height,  in  feet,  of  Solomon  Biver  at  Niles,  KansM,  for  1897, 


Day. 

May. 

June. 

July. 

Aug. 

Sept. 

Oct. 

Nov. 

Deo. 

1 

5.35 

5.20 

5.15 

6.15 

5.20 

5.15 

5.10 

5.05 

5.10 

5.10 

5.05 

4.80 

4.80 

0.70 

13.50 

8.80 

10.00 

17.45 

20.00 

17.85 

9.25 

8.65 

7.70 

8.70 

11.26 

13.50 

11.10 

9.15 

12.00 

18.50 

20.95 
21.17 
13.85 
8.95 
9.00 
8.55 
7.80 
7.35 
7.10 
8.05 
10.40 
9.80 
7.85 
7.45 
8.05 
7.10 
6.60 
6.35 
6.25 
6.20 
6.05 
6.10 
5.90 
5.80 
5.70 
5.85 
5.85 
5.90 
6.95 
8.00 
7.00 

6.40 
6.15 
6.95 
5.80 
6.70 
6.05 
5.75 
5.60 
5.85 
5.65 
6.45 
5.35 
5.50 
5.40 
5.80 
6.20 
5.90 
5.65 
5.65 
5.60 
5.40 
5.35 
5.30 
5.20 
5.20 
5.25 
5.15 
5.05 
4.95 
4.85 

4.80 
4.95 
4.95 
4.80 
4.85 
4.85 
4.75 
4.75 
4.65 
4.60 
4.60 
4.65 
4.55 
4.50 
4.55 
4.90 
4.70 
4.55 
4.40 
4.60 
4.45 
5.05 
5.60 
5.40 
5.25 
5.10 
4.90 
4.95 
4.76 
4.80 

4.80 
4.70 
4.55 
4.50 
4.30 
4.75 
4.65 
4.60 
4.60 
4.55 
4.80 
4.35 
4.80 
4.65 
4.65 
4.55 
4.70 
4.65 
4.55 
5.10 
5.15 
4.90 
4.80 
4.70 
4.75 
4.75 
4.75 
4.90 
5.05 
4.95 
4.96 

4.90 
4.85 

4.80 
5.25 
5.15 
5.10 
5.15 
5.00 
4.85 
4.90 
5.00 
4.95 
4.85 
4.95 
4.60 
4.60 
4.80 
4.90 
4.90 
4.95 
6.00 
4.85 
4.80 
4.80 
4.90 
4.75 
4.90 
4.95 
4.60 
4.90 

5.30 
5.15 
5.15 
5.20 
6.20 
6.25 
5.15 
5.15 
5.20 
5.25 
5.20 
5.30 

"6.'o6** 

5.00 

"s.'so" 

5.30 

"i'so" 

2 

S 

4 

6 

6 

6.45 
6.10 
6.02 
6.05 
6.20 
6.35 
5. 80 
6.05 
8.15 
6.50 
6.05 
6.00 
5.85 
5.85 
5.80 
5.00 
5.55 
5.45 
5.30 
5.80 
5.85 
6.70 
8.80 
6.50 
5.85 
5.56 

7 

8 

0 

10 

11 

12 

13 

U 

16 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

26 

27 

28 

28 

80 

81 , 
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BEVERLY  STATION  ON   SALINE  RIVER. 

This  station,  described  in  the  Eighteenth  Annual  Report,  Part  IT, 
page  210,  is  located  at  the  iron  highway  bridge  one-half  mile  southwest 
of  Beverly,  Kansas.  The  observer  is  Jerome  Wilson,  who  lives  about 
one-half  mile  from  the  station.  The  gage  is  an  inclined  timber,  fastened 
to  trestles  which  are  set  in  the  ground  and  well  loaded  down  with 
rock.  It  is  graduated  up  to  18  feet,  and  one  of  the  iron  cylinder, 
bridge  piers  is  then  graduated  up  to  30  feet.  The  bench  mark  is  tlie 
top  of  the  lower  iron  strut  at  the  north  end  connecting  the  two  soath 
piers.  Its  elevation  is  18.95  feet  above  the  zero  of  the  gage.  This  sta- 
tion was  discontinued  on  June  30, 1897,  as  a  more  favorable  location 
was  found  at  Salina,  and  a  station  was  therefore  established  at  the  lat- 
ter place.  The  following  measurements  of  discharge  were  made  in  1897 
by  W.  G.  Eussell : 

February  24t,  gage  height,  4.70  feet;  discharge,  67  second-feet. 
March  26,  gage  height,  4.60  feet;  discharge,  53  second-feet. 
April  15,  gage  height,  5.40  feet ;  discharge,  161  second-feet. 
April  30,  gage  height,  5.80  feet;  discharge,  196  second-feet. 
Juno  2,  gage  height,  4.80  feet ;  discharge,  75  second-feet. 

Daily  gage  height ^  in  feet,  of  Saline  Biver  at  Beverly ,  Kans<M,  far  1S97. 


Day. 

Jan. 

Feb. 

Mar. 

Apr. 
4.65 

May. 

Jane. 

Day. 

Jan. 

Feb. 

Mar. 

Apr. 

May. 

Jiuw. 

1.... 

4.45 

4.40 

7.05 

4.80 

17 

4.75 

4.95 

4.60 

5.25 

5.20 

4.45 

2.... 

4.55 

4.20 

4.60 

4.55 

7.05 

4.70 

18 

4.35 

6.15 

4.50 

5.15 

5.15 

4.i5 

8.... 

4.80 

4.70 

4.55 

6.20 

4.75 

19 

4.75 

4.95 

4.55 

5.10 

5.10 

«.<& 

4.... 

4.35 

i'so 

4.70 

4.65 

5.95 

4.60 

20 

4.60 

4.85 

4.35 

5.05 

5.05 

4.50 

5.... 

4.25 

4.20 

7.85 

5.75 

4-75 

21 

4.75 

4.75 

4.45 

5.05 

5.00 

4.45 

6.... 

4.45 

4.40 

4.55 

8.80 

5.65 

4.75 

22 

4.70 

4.70 

4.30 

5.00 

4.95 

4.55 

7.... 

4.35 

4.50 

6.40 

5.55 

4.70 

23 

4.70 

4.75 

4.60 

5.00 

4.90 

4.55 

8.... 

4.20 

4.65 

5.95 

5.55 

4.60 

24 

4.60 

4.55 

4.45 

6.00 

4.90 

4.40 

9.... 

4.55 

4.60 

5.95 

5.50 

4.75- 

25 

4.60 

4.65 

4.45 

7.20 

4.85 

440 

10.... 

4.35 

4.40 

4.55 

6.50 

5.45 

4.50 

26 

3.90 

4.70 

4.45 

5.35 

4.85 

4.45 

11.... 

4.50 

5.00 

4.50 

6.65 

5.50 

4.55 

27 

3.90 

4.75 

4.45 

5.45 

4.85 

7.70 

12.... 

4.70 

4.70 

4.65 

6.10 

5.45 

4.60 

28 

29 

8.90 

4.50 

4.50 

5.45 

4.80 

17.50 

13.... 

4.60 

5.30 

4.50 

5.75 

5.50 

4.50 

4.20 

4.40 

5.45 

4.70 

7.85 

14.... 

5.05 

6.15 

4.50 

5.55 

5.50 

4.55 

30 

4.20 

4.40 

5.80 

4.70 

5.35 

15.... 

4.60 

5.  40 

4.35 

5.45 

5.50 

4.55 

31 

4.30 

4.70 

4.60 

16.... 

4.65 

5.00 

4.35 

5.35 

5.25 

4.55 

1 
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SALINA  STATION  ON  SALINE  BIVEB. 

btioii  is  located  at  a  bridge  4.5  miles  northeast  of  Salina, 
The  rod  of  the  wire  gage  is  spiked  to  the  floor  of  the  bridge. 
L  inches,  and  24  feet  long.  Bench  mark  1  is  a  nail  in  an  elm 
iameter,  on  the  north  side  of  the  river  and  6  feet  west  of  the 
d  its  elevation  is  22.90  feet  above  gage  datum.  Bench  mark 
lis  driven  into  a  16-inch  box  elder  on  north  side  of  river  and 
t  of  the  bridge.  Its  elevation  is  22.90  feet  above  datum, 
el  is  straight  for  a  little  distance  above  and  below  the  sta- 
h  banks  are  high,  and  are  not  liable  to  overflow.  The  bed  of 
1  is  sandy  and  muddy.  The  observer  is  H.  W.  Barr,  The 
discharge  measurements  were  made  during  1897  by  W,  G. 


^e  height,  7.00  feet;  discharge,  333  second-feet. 
ige  height,  4.90  feet;  discharge,  135  second- feet, 
kge  height,  3.90  feet;  discharge,  73  second-feet^ 
age  height,  3.50  feet ;  discharge,  GO  second-feet, 
age  height,  3.20  feet;  discharge,  45  second-feet, 
ige  height^  3.40  feet;  discharge,  54  second- feet. 
igo  height,  3.30  feet;  discharge,  51  second-feet. 
,  gage  height,  4.90  feet;  discharge,  152  second-feet. 
'  28,  gage  height,  2.80  feet;  discharge,  26  second-feet. 

I,  gage  height,  2.50  feet ;  discharge,  17  second-feet. 

II,  gage  height,  2.90  f&et;  discharge,  29  second-feet. 

ily  gage  height,  in  feet,  of  Saline  River  at  Salina,  Kansas,  for  1897. 


Day. 


May. 


7.00 
6.35 
5.90 
5.65 
5.40 
5.30 
5.25 
5.15 
5.10 
5.15 
5.10 
5.05 
5.00 
4.90 
4.55 
4.70 
4.65 
4.50 
4.45 
4.35 
4.25 
4.25 
4.10 
4.05 
4.10 
4.05 
3.90 
8.86 


June. 


3.70 
3.70 
3.75 
3.75 
3.65 
3.80 
3.60 
3.75 
3.75 
3.75 
8.75 
3.70 
3.50 
3.55 
3.55 
3.50 
3.55 
3.55 
3.50 
3.45 
3.45 
3.45 
3.45 
3.30 
3.50 
3.55 
3.35 
3.30 
11.15 
14.90 


July. 


9.50 
5.10 
4.40 
4.10 
3.90 
3.85 
3.70 
8.70 
8.60 
3.75 
3.05 
3.85 
3.70 
3.45 
3.35 
3.40 
3.35 
3.45 
3.25 
3.20 
3.80 
3.40 
3.10 
3.00 
8.00 
3.20 
3.15 
3.00 
3.05 
3.00 
3.05 


Aug. 


3.00 
3.05 
3.15 
8.25 
3.05 
3.05 
3.05 
3.05 
2.95 
2.85 
3.05 
3.15 
3. 10 
3.30 
3.45 
3.40 
7.35 
6.75 
4.80 
4.15 
3.85 
3.90 
4.00 
3.80 
3.50 
3.50 
3.50 
3.35 
8.30 
8.30 
8.10 


Sept. 


3.10 
3.05 
3.00 
3.05 
3.10 
3.05 
3.00 
3.00 
2.95 
2.85 
2.80 
2.75 
2.65 
2.65 
2.65 
2.85 
3.45 
2.95 
2.90 
2.90 
2.85 
2.75 
2.80 
2.85 
2.75 
2.90 
2.75 
2.75 
2.75 
2.70 


Oct. 


2.50 
2.45 
2.60 
2.60 
2.60 
2.50 
2.50 
2.50 
2.45 
2.55 
2.75 
2.80 
2.70 
2.55 
2.55 
2.65 
2.90 
2.80 
2.65 
2.65 
3.35 
3.70 
3.50 
3.55 
3.60 
3.40 
3.45 
3.45 
3.10 
3.05 
3.15 


Nov. 


3.15 
3.15 
2.85 
3.10 
2.80 
2.85 
3.00 
2.95 
3.10 
3.00 
3.05 
3.15 
3.05 
2.95 
3.05 
2.95 
3.05 
2.95 
8.05 
3.10 
3.10 
3.05 
3.10 
3.05 
3.10 
8.05 
3.25 
3.15 
8.15 
8.20 


Dec. 


3.15 
3.05 
3.10 
3.15 
3.10 
3.20 
3.05 
3.15 
3.15 
3.15 
2.85 
2.95 
3.20 
3.35 
3.15 
3.15 
(a) 


8.10 


3.10 


3.20 


3.20 


a  Frozen.' 
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ELLSWORTH  STATION  ON  SMOKY  HILL  BITBB. 

This  station,  described  in  the  Eighteenth  Annnal  Beport,  Part  lY, 
page  212,  is  located  at  the  highway  bridge  on  Douglas  avenue,  EUa- 
worth,  Kansas.  The  observer  is  Kobert  Martin,  who  lives  about  100 
yards  north  of  the  bridge.  The  gage  is  an  inclined  ash  timber  spiked 
to  a  i>ost  driven  in  the  bed  of  the  river  and  bolted  to  an  iron  post  of 
the  bridge  pier.  The  bench  mark  is  a  nail  driven  in  the  base  of  a  large 
box-elder  tree  near  the  southeast  corner  of  the  bridge,  90  feet  from  the 
gage,  and  its  elevation  is  13.07  feet  above  the  zero.  A  slope  gage  is 
spiked  to  the  Frisco  railroad  bridge  2,536  feet  upstream  and  is  referred 
to  same  datum.  The  channel  is  nearly  straight  above  and  below  the 
bridge,  and  the  bed  is  sandy  and  shifting.  The  following  discbarge 
measurements  were  made  by  W.  G.  Bussell  in  1897. 


Diito. 

Gage 
height. 

Dis- 
charge. 

Date. 

Oage 
height 

Die- 
charge. 

Dftte. 

hei^t. 

Dia. 
charge. 

Ft€t, 

8ee.Jt. 

Ft€t, 

Seo.ft, 

F$§L 

SecfL 

Feb.  26... 

1.30 

40 

May  17.... 

1.80 

167 

Aug.  17... 

1.60 

84 

Mar.  29... 

1.15 

30 

June 4  .... 

1.80 

57 

Aug.24. .. 

2.30 

301 

Apr.  6 

2.30 

287 

Jane  28  . . . 

1.40 

79 

Sept  24.. 

1.25 

57 

Apr.23... 

1.45 

80 

July  16.... 

1.30 

43 

Oct.  19... 

1.40 

77 

May  8.... 

1.70 

141 

July  26.... 

1.20 

.       38 

Nov.  9..-. 

1.30 

49 

Daily  gage  heighif  infect,  of  Smoky  Sill  Biver  at^Elhworih,  Kamas,  far  1897. 


Day. 

Jan. 

Feb. 

1.40 
1.40 
1.45 
1.50 
1.60 
1.56 
1.70 
1.65 
1.60 
2.00 
1.85 
1.55 
2.00 
1.85 
1.76 
1.66 
1.05 
2.00 
1.86 
1.70 
1.65 
1.40 
1.45 
1.40 
1.40 
1.86 
1.20 
1.36 

Mar. 

Apr. 

May. 

Jane. 

Joly. 

Aug. 

Sept. 

Oct. 

Not. 

Deo. 

1 

1.20 
1.10 
1.80 
1.85 
1.20 
1.20 
1.25 
1.36 
1.45 
1.40 
1.40 
1.45 
1.30 
1.75 
1.60 
1.25 
1.85 
1.25 
1.40 
1.40 
1.40 
1.45 
1.55 
1.36 
1.35 
1.30 
1.86 
1.86 
1.85 
1.40 
1.40 

1.40 
1.80 
1.20 
1.30 
1.80 
1.80 
1.30 
1.30 
1.26 
1.25 
1.20 
1.20 
1.16 
1.16 
1.15 
1.15 
1.20 
1.20 
1.16 
1.15 
1.10 
1.10 
1.10 
1.10 
1.10 
1.10 
1.10 
1.10 
1.15 
1.16 
1.20 

1.20 
1.25 
1.36 
2.10 
2.60 
2.30 
2.16 
2.16 
2.15 
2.16 
2.05 
1.95 
1.80 
1.70 
1.65 
1.60 
1.60 
1.56 
1.50 
1.60 
1.45 
1.45 
1.45 
1.50 
1.56 
1.50 
1.65 
1.60 
1.85 
2.80 

2.60 
2.35 
2.25 
2.06 
1.86 
1.80 
1.70 
1.65 
1.70 
1.65 
1.85 
2.10 
2.20 
2.16 
2.05 
1.85 
1.75 
1.70 
1.60 
1.50 
1.50 
1.60 
2.16 
1.96 
1.75 
1.60 
1.66 
1.60 
1.60 
1.60 
1.46 

1.40 
1.36 
1.80 
1.30 
1.80 
1.30 
1.80 
1.40 
1.80 
1.80 
1.80 
1.25 
1.20 
1.20 
1.20 
J.60 
2.10 
2.10 
1.85 
1.80 
1.70 
1.56 
1.46 
1.40 
1.60 
1.60 
1.46 
1.40 
1.86 
1.80 

1.86 
1.80 
1.25 
1.20 
1.20 
1.15 
1.10 
1.10 
1.05 
1.20 
1.20 
1.16 
1.15 
1.10 
1.20 
1.26 
1.20 
1.20 
1.15 
1.23 
1.13 
1.10 
1.05 
1.16 
1.26 
1.20 
1.20 
1.26 
L86 
L60 
1.46 

1.88 
1.45 
1.80 
1.20 
1.20 
1.16 
1.20 
1.16 
1.10 
1.10 
1.00 
1.00 
1.15 
1.45 
1.80 
1.70 
1.60 
1.60 
1.40 
1.80 
1.20 
L16 
2.16 
2.80 
2.15 
1.96 
L86 
L76 
1.65 
1.60 
1.58 

1.45 
1.40 
1.86 
1.80 
1.26 
1.20 
1.16 
1.10 
1.10 
1.10 
1.10 
1.06 
1.00 
1.00 
1.06 
1.66 
1.25 
1.20 
1.16 
1.26 
1.40 
1.36 
1.80 
1.26 
1.20 
1.16 
LIO 
1.10 
1.06 
LOO 

1.00 

1.00 

1.00 

.06 

.95 

.96 

.00 

.00 

.90 

.90 

.00 

.00 

.00 

.00 

.00 

1.00 

1.60 

1.46 

1.40 

1.40 

1.36 

1.80 

L80 

1.26 

1.26 

1.26 

1.26 

L20 

1.15. 

1.16 

1.10 

1.10 
L90 
1.90 
1.40 
La5 
1.35 
1.85 
1.80 
1.30 
1.30 
1.25 
1.26 
1.26 
1.25 
1.20 
1.16 
1.15 
1.16 
1.20 
1.20 
1.20 
1.20 
1.16 
1.20 
1.16 
1.10 
1.00 
1.00 
LOO 
LOO 
...... 

L20 
LIO 
LIO 
LIO 
LIO 
LIO 
LIO 
L15 
1.16 
L16 
L20 
L20 
L15 
LIO 
L15 
L15 
L05 
LIO 
L20 
L20 
L20 
L20 
L20 
L80 

Lao 

L25 
L35 
LS5 
L40 
L46 
L56 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

18 

17 

18 

19 

20 

21 

22 

23 

24 

25 

26 

27 

28 

20 

80 

31 

I 
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IIANHATTAN  STATION  ON  BLUE  BIYEB. 


»tion,  described  in  the  Eighteenth  Annual  Report,  Part  lY, 
y  is  located  at  the  county  bridge  4  miles  north  of  Manhattan, 
The  gage  consists  of  three  sections,  the  lower  being  an  ash 
ven  into  the  bottom  of  the  river  and  bolted  to  an  overhanging 
od  tree  30  feet  east  of  the  bridge,  and  marked  firom  2.10  to' 
b.  The  middle  section  consists  of  an  oak  stick  bolted  to  the 
[e  of  the  south  bridge  pier  and  marked  from  11.30  to  17  feet. 
r  stick  on  the  south  side  of  the  same  pier,  and  marked  from  17 
jj  completes  the  gage.  The  bench  mark  is  a  cross  cut  in  the 
of  the  south  bridge  pier  immediately  above  the  upper  gage, 
2.135  feet  above  datum.  The  observer  is  William  Hudspeth, 
wing  discharge  measurements  were  made  in  1897  by  O.  P.  Hood 
.  Yincent: 

,  gage  height,  25.45  feet;  diBchazge,  31,942  aeoond-feet. 
,  gage  height,  10.80  feet;  diBcharge,  5,972  necond-feet. 
30,  gage  height,  4.00  feet;  discharge,  602  second-feet, 
sr  8,  gage  height,  4.20  feet;  discharge,  499  second-feet. 

Uff  gage  keigktj  imfeet,  of  Blue  Biver  at  Manhattan,  Kan9as,far  1897, 


Jan. 


4.00 
4.10 
4.10 
4.25 
4.00 
4.80 
4.90 
4.85 
4.80 
4.60 
4.00 
4.80 
4.85 
4.00 
4.80 
4.75 
4.70 
4.80 
4.86 
4.00 
5.15 
5.00 
4.95 
4.85 
4.80 
5.50 
5.50 
5.50 
5.50 
5.56 
5.00 


Feb. 

Har. 

5.40 

6.00 

5.10 

6.00 

5.00 

5.80 

4.90 

5.70 

4.55 

5.55 

4.35 

5.00 

4.25 

4.80 

4.00 

4.75 

4.05 

4.65 

4.25 

5.10 

4.35 

5.30 

4.50 

5.45 

4.90 

6.65 

5.65 

6.60 

5.90 

7.16 

6.00 

6.86 

6.25 

6.65 

6.80 

6.35 

7.20 

6.10 

6.65 

5.80 

6.30 

6.75 

6.10 

6.66 

6.00 

5.60 

5.00 

5.50 

5.75 

5.40 

5.65 

5.35 

5.50 

5.30 

6.80 

6.25 

6.85 

6.95 

7.15 

Apr. 


8.75 

16.50 

17.25 

11.50 

10.00 

10.30 

9.75 

8.75 

8.20 

7.90 

7.40 

7.10 

6.90 

6.70 

6.40 

6.00 

5.75 

6.60 

6.50 

5.45 

5.40 

5.50 

0.25 

20.95 

24.15 

25.30 

26.60 

19.65 

12.00 

10.75 


May. 


9.70 
10.30 
9.96 
9.16 
7.95 
7.80 
7.60 
7.60 
7.25 
6.85 
6.75 
6.75 
7.05 
7.10 
6.85 
6.76 
6.36 
6.20 
6.10 
6.00 
5.90 
6.80 
6.75 
6.96 
5.80 
5.85 
6.70 
7.85 
7.60 
6.80 
6.86 


June. 


6.76 
6.65 
6.40 
6.25 
6.90 
6.70 
6.60 
6.50 
6.40 
6.00 
4.75 
4.55 
4.50 
4.80 
4.95 
6.40 
6.60 
5.90 
6.20 
8.00 
8.75 
8.00 
7.50 
7.00 
7.70 
7.00 
14.55 
19.45 
13.40 
9.80 


July. 


8.76 
7.90 
7.25 
7.00 
6.80 
6.60 
6.20 
6.00 
7.50 
8.86 
10.40 
12.75 
12.25 
9.66 
9.0O 
8.60 
8.10 
7.90 
7.10 
6.10 
6.70 
5.55 
5.20 
6.00 
7.20 
6.90 
6.65 
6.10 
5.00 
5.56 
5.40 


Aug. 


5.20 
5.05 
4.90 
4.00 
4.70 
5.35 
6.15 
8.85 
8.55 
7.50 
7.16 
6.25 
6.00 
6.75 
6.90 
8.10 
7.90 
7.50 
7.35 
7.06 
6.65 
6.45 
6.35 
0.30 
6.15 
6.05 
5.75 
6.60 
5.40 
6.25 
5.05 


Sept 


4.90 
4.66 
4.65 
4.35 
4.25 
4.05 
8.80 
3.70 
3.60 
3.50 
3.30 
2.50 
2.30 
2.30 
2.76 
3.35 
3.75 
3.85 
4.25 
4.60 
4.50 
4.30 
4.25 
4.15 
4.00 
4.00 
3.90 
3.85 
3.80 
8.60 


Oct 


3.56 
3.50 
3.50 
8.40 
3.40 
3.40 
3.80 
3.30 
3.20 
3.20 
3.15 
3.06 
8.00 
3.00 
3.65 
4.60 
4.15 
4.25 
4.35 
4.40 
4.80 
4.25 
4.20 
4.40 
4.30 
4.26 
4.20 
4.80 
4.36 
4.40 
4.40 


Nov. 


4.00 
4.00 
3.80 
3.70 
3.80 
3.90 
4.00 
4.00 
4.10 
4.25 
4.25 
4.26 
4.40 
4.50 
4.46 
4.35 
4.30 
4.20 
4.20 
4.10 
4.06 
4.00 
4.05 
4.20 
4.25 
4.30 
4.40 
4.40 
4.60 
4.60 


Dea 


4.40 
4.80 
4.25 
4.20 
4.10 
4.10 
4.00 
4.20 
4.30 
4.25 
4.20 
4.26 
4.80 
4.15 
4.00 
4.00 
4.10 
4.15 
4.20 
4.20 
4.35 
4.50 
4.50 
4.60 
4.60 
4.60 
4.60 
4.56 
4.40 
4.40 
4.50 
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OPERATIONS   AT   RIVER   STATIONS,    1897. 


LAWRENCE  STATION  ON  KANSAS  RIVER. 

This  station,  described  in  the  Eighteenth  Annual  Beport,  Part  IT, 
page  219,  is  located  at  Lawrence,  Kansas.  The  gage  consists  of  a  ver- 
tical board  marked  to  feet  and  tenths  and  fastened  to  the  6outh  pier  of 
the  carriage  bridge,  about  60  feet  up  the  river  from  the  crest  of  a 
dam.  The  zero  of  the  gage  is  on  a  level  with  a  large  stone  in  the  crest 
of  dam.  There  is  also  a  short  vertical  board  fastened  by  the  side  of 
this  one  for  reading  the  level  of  the  water  when  it  stands  below  the 
zero  of  the  gage«  The  channel  is  about  690  feet  wide,  broken  by  fonr 
piers.  The  observer  is  J.  D.  Bowersock.  The  following  is  a  list  of 
discharge  measurements  made  in  1897  by  E.  0.  Murphy: 

April  9,  gage  height^  2.55  feet ;  dlBcharge,  10,238  second-feet. 
April  10,  gage  height,  2.55  feet ;  discharge,  9,658  second-feet. 
April  26,  gage  height,  9.10  feet;  discharge,  60,854  second-feet. 
June  17,  gage  height,  1.50  feet;  discharge,  4,820  socond-feet. 
June  23,  gage  height,  2.73  feet;  discharge,  10,635  second-feet. 
June  25,  gage  height,  2.10  feet;  discharge,  8,011  second-feet. 

Daily  gage  height,  in  feet,  of  Kansas  Biver  at  Lawrence,  Kansas,  for  1807 


Day. 


Jan. 


1.... 

2.... 
8.... 
4-... 
6.... 
6.... 
7.... 
8.... 

If  •  *  M  a 

10.... 

11.... 

12.... 
13.... 
14.... 
15.... 
16.... 
17.... 
18.... 
19..-. 
20.... 
21.... 
22.... 
23.... 
24.... 
25.... 
26.... 
27.... 
28.... 
29.... 
30.... 
31.... 


0.80 

.80 

1.00 

.60 

.40 

.50 

.00 

.60 

.60 

1.00 

1.00 

1.00 

1.00 

.80 

.80 

.90 

1.00 

1.00 

1.00 

.90 

1.00 

1.00 

1.00 

1.00 

.60 

.20 

.30 

.60 

.70 

.80 

.80 


Feb. 


0.80 

.70 

.70 

.60 

.60 

.60 

.80 

.80 

1.00 

1.00 

1.00 

1.00 

1.10 

1.70 

1.00 

1.90 

2.30 

2.90 

3.00 

2.65 

2.00 

2.30 

2.15 

1.90 

1.60 

1.40 

1.20 

1.30 


Mar. 


Apr. 


1.20 
1.10 
1.10 
1.10 
1.10 
1.00 
1.15 
1.15 
1.05 
1.00 
1.00 
1.00 
1.00 
1.20 
1.20 
1.35 
1.40 
1.50 
1.60 
1.60 
1.40 
1.40 
1.20 
1.30 
1.25 
1.20 
1.20 
1.20 
1.30 
1.50 
1.85 


2.65 
2.80 
3.60 
2.70 
2.40 
2.40 
2.35 
1.95 
2.65 
2.60 
2.40 
2.10 
2.00 
1.95 
1.90 
2.00 
2.05 
1.65 
1.60 
1.55 
1.46 
1.40 
1.45 
1.45 
6.30 
8.80 
7.60 
7.60 
6.40 
4.60 


May. '  Jtuiti. 


3.60 
3.10 
2.70 
2.30 
2.40 
2.30 
2.05 
2.00 
2.00 
1.95 
1.80 
1.75 
1.65 
1.60 
1.60 
1.60 
1.60 
1.60 
1.45 
1.40 
1.40 
1.40 
1.35 
1.20 
1.20 
1.20 
1.20 
1.20 
2.00 
2.00 
2.00 


1.90 
1.70 
1.50 
1.40 
1.40 
1.20 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
.90 
1.10 
1.45 
1.50 
2.00 
1.80 
2.00 
3.00 
2.80 
2.60 
2.05 
2.80 
3.50 
4.50 
6.00 
4.80 


July. 


Aug. 


5.30 
4.65 
3.40 
3.20 
6.80 
6.50 
4.15 
3.50 
2.70 
2.00 
1.90 
2.40 
3.70 
3.90 
3.40 
2.70 
2.00 
1.70 
1.60 
1.40 
1.35 
1.30 
1.20 
1.20 
1.10 
1.20 
1.40 
1.35 
1.40 
1.55 
1.50 


1.40 

1.20 

1.00 

1.00 

.80 

.80 

.80 

1.40 

1.80 

1.80 

l.GO 

1.20 

1.20 

1.00 

1.00 

1.00 

1.30 

1.80 

1.50 

1.75 

1.20 

1.20 

1.00 

.70 

.60 

.60 

.55 

.50 

.60 

.60 

.60 


Sept. 


0.60 
.60 
.60 
.60 
.60 
.60 
.40 
.40 
.40 
.40 
.40 
.40 
.40 
.30 
.20 
.20 
.10 
.10 
.25 
.10 
.40 
.40 
.40 
.25 
.20 
.40 
.40 
.20 
.20 
.10 


Oct. 


0.10 
.20 
.40 
.40 
.25 
.10 
.10 
.20 
.10 
.15 
.30 
.20 
.60 
.70 
.70 
.10 
.10 
.10 
.00 
.20 
.20 
.20 
.30 
.40 
.40 
.40 
.50 
.50 
.50 
.50 
.60 


Nov. '    Dec 


0.60 
.60 
.60 
.60 
.60 
.80 
.80 
.90 
.90 
.90 
.80 
.80 
.80 

1.00 
.90  ; 
.80 
.80  I 
.80, 
.80 
.80  ' 
.80  , 
.80  i 
.80  I 
.80  , 
.80 
.60 
.40 
.20 
.20 
—.70 


+ 


-f 


60 
70 
70 
40 
90 
50 
30 
10 
10 
20 
40 
40 
20 
10 
20 
70 
00 
00 
10 
40 
50 
60 
«) 
40 
20 
40 
10 
10 
CO 
00 
10 
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GRANITE  STATION  ON  ARKANSAS  RIVSR. 


This  station  is  located  at  the  wagon  bridge  250  feet  from  the  railroad 
station  at  Granite,  Colorado.  The  gage  is  a  vertical  2  by  6  inch  plank 
spiked  to  the  upper  end  of  the  center  pier  of  the  bridge  and  graduated  to 
tenths  of  a  foot.  The  banks  are  low  and  liable  to  overflow;  the  bed  is 
rocky  and  the  current  swift.  This  station  was  reestablished  April  17, 
1897,  by  Cyrus  C.  Babb,  the  records  of  daily  gage  heights  being  kept 
by  the  Denver  and  Eio  Grande  Eailroad  Company.  The  observer  is 
H.  D.  Marquis.  The  following  is  a  list  of  measurements  of  discharge 
made  in  1897  by  F.  Cogswell : 

April  17;  gage  Iieight;  3.20  feet;  discharge,  120  seoond-fee 
May  8;  gage  height,  4.20  feet;  discharge,  940  second-feet. 
May  18,  gage  height,  4.90  feet;  discharge,  1,326  second-feet. 
Jane  29,  gage  height,  4.60  feot;  discharge,  1,151  second-feet. 
Jaly  27,  gage  height,  3.75  feet;  discharge,  415  second-feet. 
Aagust  31,  gage  height,  3.20  feet;  discharge,  206  second-feet. 
September  27,  gage  height,  3.10  feet;  discharge,  203  second-feet. 
November  6,  gage  height,  3.00  feet;  discharge,  153  second- feet. 

Daily  gage  height,  in  feet,  of  Arkanaae  Birer  at  Granite,  Colorado,  for  1897. 


Day.    {May.  June. 


1.... 

3.35 

2.... 

3.60 

^.... 

3.65 

4.... 

3.55 

5.... 

3.75 

6.... 

3.85 

7.... 

4.05 

8.... 

4.05 

9.... 

4.35 

10.... 

4.25 

11 

4.30 

12.... 

4.10 

13.... 

4.00 

14-... 

4.00 

16.... 

4.10 

16.... 

4.60 

6.00 
6.00 
6.00 
5.75 
5.00 
6.00 
4.40 
4.50 
4.50 
4.75 
5.35 
5.60 
5.60 
6.00 
5.75 
6.15 


July. 

Aug. 

Sept. 

Oct. 

Day. 

May. 

June. 
5.26 

4.50 

3.65 

3.35 

3.00 

17 

4.75 

4.35 

3.63 

3.35 

3.00 

18 

4.00 

5.00 

4.35 

3.80 

3.35 

3.00 

19 

4.00 

4.35 

4.30 

3.70 

3.50 

3.00 

20 

5.00 

4.85 

4.25 

3.65 

3.50 

3.00 

21 

5.10 

5.00 

4.10 

3.65 

3.40 

3.00 

22 

4.90 

5.10 

4.35 

3.75 

3.25 

3.00 

23 

5.10 

5.00 

4.35 

3.75 

3.25 

3.00 

24 

5.60 

4.00 

4.50 

3.80 

3.25 

3.00 

25 

5.60 

4.65 

4.60 

3.65 

3.25 

3.00 

26 

5.60 

4.85 

4.40 

3.60 

3.00 

3.00 

27 

5.60 

4.90 

4.35 

3.60 

3.00 

3.00 

28 

5.40 

4.75 

4.15 

3.65 

3.00 

3.U0 

29 

5.65 

4.60 

4.00 

3.65 

3.00 

3.00 

30 

5.75 

4.46 

4.05 

3.50 

3.00 

3.00 

31 

6.00 

4.00 

3.50 

3.00 

3.00 

July. 

Aug. 

Sept. 

Oct. 

4.00 

3.45 

3.00 

3.00 

3.85 

3.40 

3.15 

3.00 

3.85 

3.35 

3.10 

3.00 

3.85 

3.35 

3.00 

3.00 

3.90 

3.35 

3.00 

3.00 

3.85 

3.35 

3.00 

3.00 

3.90 

3.30 

3.00 

3.00 

3.80 

3.25 

3.00 

3.00 

3.80 

3.25 

3.00 

3.00 

3.75 

3,25 

3.00 

3.00 

3.75 

3.25 

3.00 

3.75 

3.25 

3.00 

3.65 

3.25 

3.00 

3.65 

3.20 

3.00 

3.65 

3.15 

IBB  16- 
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SAL,IDA  STATION   ON  ARKANSAS  RIVER. 

This  station,  described  in  the  Eighteenth  Annual  Report,  Part  IV, 
page  224,  is  located  just  back  of  the  railroad  yards,  at  a  suspension 
bridge,  at  Salida,  Colorado.  The  gage  consists  of  a  vertical  4  by  6  inch 
timber,  with  a  2  by  6  inch  scale,  bolted  to  the  abutment  of  the  bridge 
on  the  left-hand  side  of  the  river,  and  is  marked  to  tenths  of  a  foot. 
The  banks  are  high  and  do  not  overflow;  the  current  is  swift  j  the  bed 
of  the  stream  consists  of  sand,  gravel,  and  bowlders,  but  is  not  subject 
to  any  great  changes,  and  is  a  most  desirable  station  to  be  maintained. 
Stream  measurements  are  made  from  the  lower  side  of  the  footbridge. 
Eiver-height  observations  are  maintained  by  the  Denver  and  Eio 
JGlrande  Railroad  Company.  The  observer  is  F.  G.  Dew.  The  follow- 
ing discharge  measurements  were  made  in  1897  by  F.  Cogswell: 

April  17,  gage  height,  0.69  foot;  discharge,  219  second-feet. 
April  27,  gage  height,  1.55  feet;  discharge,  709  second-feet. 
May  8,  gage  height,  2.20  feet;  discharge,  1,178  second-feet. 
May  30,  gage  height,  4.05  feet;  discharge,  2,821  second- feet. 
June  29,  gage  height,  2.50  foot;  discharge,  1,492  second-feet. 
July  27,  gage  height,  1.35  feet;  discharge,  606  second-feet. 
August 31,  gage  height,  0.85  foot;  discharge,  371  second-feet. 
September  27,  gage  height,  1.00  foot;  discharge,  405  second-feet. 
November  6,  gage  height,  0.90  foot ;  discharge,  378  second-feet. 


Daily  gage  height,  in  feet,  of  Arkansas  Kiver  at  Salida,  Colorado,  for  1897. 


Day. 


1... 

2... 

3... 

4... 

5... 

6.. 

7.. 

8... 

9... 
10.. 
11.. 
12... 
13.. 
14.. 
16.. 
16.. 


May. 


1.20 
1.45 
1.75 
1.60 
1.60 
1.80 
1.95 
2.25 
2.25 
2.30 
2.30 
2.50 
2.30 
2.35 
2.35 
2.70 


June. 


4.10 
3.60 
3.10 
2.90 
2.40 
2.45 
2.25 
2.10 
2.35 
2.75 
2.80 
2.90 
3.50 
3.20 
3.35 
3.65 


July. 


2.30 
2.35 
2.45 
2.35 
2.00 
2.00 
2.00 
2.00 
2.45 
2.45 
2.20 
2.05 
2.00 
1.90 
1.95 
1.90 


Aug. 


1.30 
1.25 
1.25 
1.35 
1.45 
1.45 
1.40 
1.45 
1.55 
1.50 
1.40 
1.40 
1.35 
1.35 
1.35 
1.25 


Sept. 


1.00 
1.00 
1.00 
1.00 
1.00 
1.05 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 


Oct. 


0.65 
.65 
.65 
.65 
.65 
.65 
.65 
.65 
.65 
.65 
.65 
.65 
.65 
.65 
.65 
.65 


Day. 


17 

18 

19 

20 

21 

22 

23 

24 

25 

26 

27 

28 

29 

30 

31 


May. 


2.75 
3.10 
3.00 
3.00 
3.00 
2.85 
3.00 
3.50 
3.50 
3.40 
3.60 
3.45 
3.50 
4.00 
4.15 


June.' Jnly. 


3.00 
3.00 
2.90 
2.75 
8.00 
3.00 
3.00 
3.00 
2.80 
2.75 
2.90 
2.55 
2.40 
2.35 


1.90 
1.85 
2.00 
1.90 
1.90 
1.65 
1.50 
l.SO 
1.45 
1.40 
1.40 
1.40 
1.25 
1.25 
1.25 


Aug.  Sept     Oct 


1.20 
1.15 
1.10 
1.10 
1.00 
1.10 
1.06 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 


0.90 
.00 
.90 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 


o.tf 

.85 
.65 
.66 
.65 
.65 
.65 
.C5 
.65 
.85 
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CANYON  STATION  ON  ARKANSAS  RIVER. 

This  station,  described  in  the  Eighteenth  Annual  Report,  Part  IV, 
)age  226,  i^  located  at  the  Hot  Springs  Hotel,  1 J  miles  west  of  Canyon, 
Colorado,  about  500  yards  below  the  mouth  of  Grape  Creek.  The  gage 
od  is  placed  on  the  left  bank  of  the  river  just  below  the  suspension 
botbridge,  and  consists  of  an  inclined  4  by  4  inch  by  ICfoot  timber 
K>lted  to  a  small  juniper  tpee,  and  to  posts  set  in  the  ground.  A  ver- 
ical  rod  is  also  fastened  to  the  juniper  tree  for  extreme  high  water. 
5oth  banks  are  high  and  not  liable  to  overflow.  The  current  is  swift, 
tnd  the  cross  section  is  not  subject  to  any  notable  changes,  except  at 
ixtreme  high- and-low- water  stages.  The  observer  is  Dr.  J.  L.  Pren- 
iss.  The  following  discharge  measurements  were  made  in  1897  by  F. 
3ogswell : 

April  16;  gage  hoight,  2.20  feet;  discharge,  260  Heconil-feet. 
May  7,  gage  height,  3.10  feet;  discharge,  827  second-feet. 
May  26,  gage  height,  4.95  feet ;  discharge,  2,712  second-feet. 
June  16,  gage  height,  5.25  feet;  discharge,  3,071  second-feet. 
July  14,  gage  height,  3.60  feet;  discharge,  1,140  second-feet. 
August  11,  gage  height,  3.05  feet;  discharge,  744  second-feet. 
November  5,  gage  height,  2.98  feet;  discharge,  540  second-feet. 

Daily  gage  height,  in  feet,  of  Arkansas  River  at  Canyon  City,  Colorado,  for  1897. 


1 

Jan. 

Feb. 

Mar. 

Apr. 

2.50 
2.50 
2.50 
2.40 
2.40 
2.30 
2.30 
2.20 
2.20 
2.10 
2.15 
2.20 
2.20 
2.20 
2.10 
2. 20 
2.20 
2.35 
2.40 
2.50 
2.55 
2.45 
2.25 
2.20 
2.20 
2.30 
2.56 

May. 

June. 

July. 

Aag. 

Sept. 

Oct. 

Nov. 

3.00 
3.00 
3.00 
2.90 
2.95 
2.95 
2.95 
2.90 
2.90 
2.00 

Dec. 

.1     1 

2.80 
2.90 
3.10 
3.05 
3.00 
3.15 
3.10 
3.50 
3.60 
3.70 
3.65 
3.60 
3.70 
3.80 
4.10 
4.30 
4.50 
4.30 
4.30 
4.25 
4.30 
4.35 
4.40 
4.75 
5.00 
5.05 
5.00 

5.40 
5.40 
5.40 
5.55 
4.85 
4.25 
4.35 
4.50 
4.00 
4.70 
4.65 
4.95 
5.35 
5.25 
5.15 
5.30 
5.15 
4.65 
4.50 
4.50 
4.50 
4.50 
4.50 
4.45 
4.45 
4.50 
4.35 
4.25 
i.  05 

3.95 
3.85 
3.75 
3.95 
3.75 
3.60 
3.50 
3.50 
4.17 
3.90 
4.00 
3.85 
3.70 
3  60 
3.75 
3.55 
3.50 
3.50 
3.70 
3.00 
3.50 
3.40 
3.30 
3.20 
3.20 
3.10 
3.00 
2.90 
2.90 
2.85 
2.80 

2.80 
2.80 
2.85 
3.60 
3.  20 
3.0O 
3. 10 
3.40 
3.30 
3.20 
3.10 
3.10 
3.00 
2.90 
2.90 
•>.  80 
2.80 
2.70 
2.70 
2;  00 
2.60 
2.60 
2.70 
2.55 
2.50 
2.50 
2.50 
2.50 
2.50 
2.50 
2.40 

2.40 
2.40 
2  40 

2.60 
2.50 
9  nn 

"i'so" 

........ 

"i'oo  ' 
"ieo" 

2 

3 

2.60 

■••••• 

4 ■' 

2. 40     2.  50 
2.  4o     2.  50 
2.  40     2.  50 
2.  40  i  2.  50 
2.40  1  2.60 
2.45  1  2.70 
2. 45     2.  70 

g  : :::: • 

6 

2.50 

2.50 

7 

8 

9 

2.50 

10 

11 

2.45     2.70  1  2.90 
2.  50  1  2.  70     2. 95 
2.  50     2.  60     2.  95 
2.  60     2.  65     3. 00 
2.  60  1  2.  70  j  2.  95 
2.  60  '  2.  80     2. 85 
2.  GO  1  2.  80     2. 85 
2.55  1  2.80  i  2.85 
2.  55     2. 85  1  2.  85 
2.50     2.85  1  2  «.'» 

12 

13 

2.40 

2.60 

14 

15 

16 

17 

2.30 

18 

19 

30 

2.50 

2.50 

21 

2.  50     2. 80 
2.  50     2.  80 



22 

...... 

•2     «.-! 

"2.' so" 

23 

2.40 

2.  50     2. 80     2, 85 
2. 50  1  2.  80  1  2. 75 
2.  50  1  2.  80  i  2.  70 
2.  50  i  2.  «0  ,  2.  70 
2.  50  1  2.  80     2. 70 
2.  DO     2.  90  1  2. 65 
2.50     3.00  1  2.60 

24 

2.70 
2.70 

_ 

25 

26 

27 

2.50 

2.60 
2.60 
2.70 
2.60 
2.50 

28 

2.  55  1  5. 05 

2. 85  i  5. 10 

29 

30 

31 

2.50 

2.  75  i  5.  35     4.  00 
5.45    

2. 50     3.  00 

2.50 
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PUEBLO  STATION  ON  ARKAJiSAS  RIVER. 


This  station,  described  in  the  Eighteenth  Annual  Report,  Part  lY, 
page  227,  is  located  at  the  city  of  Paeblo,  Colorado,  2  miles  above  the 
mouth  of  Fountain  Creek.  There  are  two  gage  rods.  The  main  one, 
at  Santa  Fe  avenue  bridge,  consists  of  a  vertical  6  by  6  inch  timber, 
bolted  to  the  abutment  of  the  Denver  and  Bio  Grande  Railroad  bridge 
on  the  left-hand  side  of  the  river,  marked  to  tenths  of  a  foot.  There  is 
also  a  short  vertical  rod  for  extreme  low  water  spiked  to  a  pile  about 
20  feet  out  in  the  stream,  reading  same  as  the  main  gage.  The  12-foot 
mark  of  this  gage  is  opposite  the  top  of  the  large  capstone.  The  rod 
at  Victoria  avenue  bridge  consists  of  inclined  4  by  4  inch  timbers 
fastened  to  posts  set  in  right  bank  of  stream,  and  was  placed  for  the 
purpose  of  noting  the  change  in  the  slope  of  the  water  surface.  Stream 
measurements  are  made  from  lower  side  of  the  Main  street  bridge.  The 
river  is  confined  by  the  city  levees,  and  the  bed  is  sandy  and  constantly 
changing.  The  observer  is  R.  L.  Holden.  The  following  is  a  list  of 
discharge  measurements  made  in  1897  by  F.  Cogswell  and  others: 

April  16,  gage  height,  0.20  foot;  discharge,  216  Bocoud-feet. 
May  6,  gage  height,  1.00  foot;  discharge,  799  second-feet. 
May  21,  gage  heiglit,  2.00  feet;  discharge,  1,856  second- feet. 
June  18,  gage  height,  2.55  feet;  discharge,  2,219  second-feet. 
July  16,  gage  height,  1.15  feet;  discharge,  981  second- feet. 
August  10,  gage  height,  0.95  foot;  discharge,  805  second-feet. 
September  8,  gage  height,  0.10  foot;  discharge,  184  second-feet. 
September  28,  gage  height,  0.45  foot;  discharge,  394  seooud-fcet. 
November  4,  gage  height,  0.75  foot;  discharge,  601  s<;cond-feet. 

Daily  gago  height,  in  feet,  of  Arkansas  Kiver  at  Pueblo,  Colorado,  for  1897. 


Bay. 

Jan. 

Fob. 

Mar. 

Apr. 

May. 

0.70 
.75 
1.00 
1.05 
.05 
.95 
1.05 
1.30 
1.40 
1.45 
1.45 
1.45 
1.35 
1.40 
1.45 
1.60 
1.90 
1.00 
2.20 
2.15 
2.00 
1.90 
1.85 
2.15 
2.85 
2.85 
2.75 
3.05 
2.80 
3.15 
3.30 

Jniio. 

July. 

Aug. 

Sept 

0.20 
.20 
.10 
.10 
.10 
.10 
.10 
.10 
.05 
.00 
.10 
.10 
.25 
.30 
.50 
.40 
.35 
.35 
.40 
.30 
.30 
.35 
.30 
.30 
.30 
.35 
.40 
.40 
.40 
.35 

Oct. 

0.20 
.20 
.20 
.25 
.30 
.30 
.35 
.40 
.35 
.55 
.35 
.45 
.35 
.35 
.35 
.45 
.60 
.60 
.65 
.70 
.65 
.60 
.55 
.55 
.60 
.65 
.60 
.50 
.60 
.65 
.65 

Nov. 

1  

0.30 
.30 
.30 
.:J5 
.35 
.25 
.35 
.45 
.25 
.45 
.45 
.50 
.45 
.35 
.35 
.30 
.35 
.25 
.30 
.30 
.35 
.80 
.85 
.30 
.25 
.20 
.30 
.25 
.35 
.65 
.50 

0.65 
.40 
.40 
.45 
.35 
.35 
.45 
.40 
.35 
.40 
.45 
.40 
.45 
.30 
.20 
.15 
.40 
.40 
.30 
.40 
.35 
.35 
.40 
.25 
.25 
.25 
.25 
.20 

0.30 
.30 
.30 
.25 
.15 
.10 
.10 
.05 
.00 
.05 
.00 
.00 
.05 
.05 
.05 
.15 
.00 
.25 
.20 
.20 
.15 
.16 
.10 
.05 
.00 
.10 
.20 
.25 
.40 
.40 
.30 

0.20 
.00 
.15 
.20 
.15 
.05 
.00 
.10 
.00 
.05 
.00 
.05 
.10 
.00 
.00 
.00 
.15 
.20 
.30 
.30 
.35 
.35 
.30 
.10 
.25 
.30 
.30 
.35 
.65 
.75 

3.30 
3.50 
3.05 
2.50 
2.15 
2.05 
1.90 
1.75 
1.70 
2.00 
2.45 
2.85 
2.90 
3.20 
3.00 
2.95 
3.05 
2.55 
2.30 
2.15 
2.30 
2.20 
2.15 
2.00 
1.95 
1.85 
2.00 
1.90 
1.65 
1.50 

1.45 

1.55 

1.65 

1.45 

1.45 

1.45 

1.65 

1.10 

2.10 

2.00 

1.85 

1.60 

1.35 

1,20 

2.10 

1.26 

1.15 

1.25 

1.45 

1.35 

1.15 

1.00 

.85 

.85 

.75 

.75 

.85 

.85 

.70 

.55 

.55 

0.55 
.60 
.80 
.65 
.95 
.60 
1.20 
1.05 
1.45 
1.00 
.95 
.90 
.75 
.55 
.40 
.40 
.30 
.30 
.30 
.30 
.20 
.20 
.20 
.40 
.35 
.25 
.20 
.10 
.20 
.20 
.20 

0.70 
.70 
.70 
.70 
.70 
.70 
.60 
.60 
.60 
.50 
.55 
.70 
.70 
.70 
.70 
.60 
.50 
.40 
.50 
.45 
.40 
.55 
.50 
.50 
.50 
.50 
.50 
.40 
.40 
.45 

2 

3 

4 

5 

6 

7 

8 

0 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

28 

27 

28 

29 

30 

31 

Dee. 


0.45 
.50 
.40 
.4$ 
.40 
.40 
.45 
.50 
.50 
.50 
.45 
.40 
.40 
.50 
.45 
.40 
.50 
.45 
.30 
.30 

.30 
.30 
.20 
.20 
.» 
.» 
.30 
.40 
.45 
.40 
.30 


DRAINAGE   BASIN   OF  ARKANSAS   RIVER. 
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NEPESTA  STATION  ON  ARKANSAS  RIVER. 

This  station  is  located  1,000  feet  north  of  Kepesta,  Colorado,  at  a 
ragon  bridge,  200  feet  below  Atchison,  Topeka  and  Santa  Fe  Eailroad 
iridge,  and  was  established  September  8, 1897.  The  gage  consists  of 
.  vertical  2  by  6  inch  by  12  foot  timber  marked  in  tenths,  securely 
rired  to  upstream  side  of  upstream  cylinder  of  bridge  on  left  side  of 
iver  and  marked  with  1  by  6  inch  scale  on  face  and  1  by  3  inch  scale 
u  side.  The  initial  point  for  soundings  is  on  the  left  bank,  which  is 
>w  and  liable  to  overflow.  The  right  bank  is  high  and  riprapped 
bove  railroad  bridge.  The  channel  abov^  and  below  the  station  is 
traight  for  300  or  400  feet;  the  bed  is  sandy  and  shifting.  The 
bserver  is  G.  J.  Boyd,  a  storekeeper,  who  lives  1,000  feet,  from  the 
:age.  The  following  discharge  measurements  were  made  by  Porter  J. 
»restoninl897: 

September  8,  gage  height,  2.00  feet;  discharge,  168  seoond-feet. 
September  30,  gage  height,  2.34  feet;  discharge,  281  second-feet. 

Daily  gage  heightf  in  feet,  of  Arkansas  River  at  Nepesta,  Colorado^  for  1897. 


Day. 


Sept. 


Oct. 


Bay. 


Sept. 


Oct. 


Day. 


Sept. 


Oct. 


Day. 


Sept 


Oct. 


1. 
2. 
3. 
4. 
5. 
6. 
7. 
8. 


2.20 
2.10 
2.00 
2.10 
2.00 
2.20 
2.10 
2.05 


0. 

10. 

11. 

12. 
13. 
U. 
15. 

le. 


2.15 
2.15 
2.20 
2.35 
1.75 
2.00 
2.10 
2.00 


17. 
18. 
19. 
20. 
21. 
22. 
23. 
24. 


1.90 
1.50 
1.80 
2.10 
2.00 
2.10 


25 
26 
27 
28 
29 
30 
31 


2.00 
2.00 
2.00 
2.10 
2.00 
2.00 
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OPERATIONS  AT   RIVER   STATIONS,  1897. 


ROCKY  FOitD  STATION  ON  ARKANSAS  RITBR. 

This  station  is  located  2  miles  northeast  of  Bocky  Ford,  Colorado, 
and  was  established  May  3, 1897.  The  gage  consists  of  a  yertical  1  by 
3  inch  timber  notched  in  tenths  and  securely  nailed  to  pile  protection 
to  abutment  of  wagon  bridge,  left  side  of  stream,  upper  side  of  bridge. 
The  initial  point  of  soundings  is  on  the  left  bank  at  water's  edge.  Both 
banks  are  high  and  liable  to  overflow  only  at  very  high  water.  The 
channel  is  straight  for  about  300  feet  above  and  below  the  station. 
The  bed  is  sandy  and  shifting.  The  observer,  S.  W.  Cressy,  whose 
occupation  is  water  commissioner,  lives  2  miles  distant  from  the  gage. 
The  following  discharge  measurement  was  made  by  Porter  J.  Preston 
in  1897:  . 

September  2Q,  gago  lieiglit;  0.37  foot;  jdiscliarge;  140  Becond-feet. 

Daily  gage  heighty  infect,  of  Arkansas  Eiver  at  Rocky  Ford,  Colorado^  for  1897. 


Day. 


1 

2 

3 

1.00 

4 

1.10 

5 

1.28 

6 

1.25 

7 

.90 

8 

.50 

9 

1.02 

10 

1.18 

11 

r.2:j 

12 

1. 15 

13 

1.37 

U 

1.42 

15 

1.42 

16 

1.32 

17 

1.40 

18 

1.50 

19 

1.60 

20 

1.55 

21 

1.60 

22 

1.45 

23 

1.48 

24 

1.50 

25 

1.49 

26 

1.80 

27 

1.85 

28 

2.90 

29 

2.00 

30 

2.05 

31 

2.38 

May. 


June. 


2.70 
2.50 
2.82 
2.52 
2.08 
2.40 
1.98 
1.80 
1.65 
1.65 
1.72 
2.10 
2.40 
2.40 
2.48 
2.22 
2.20 
2.15 
2.00 
1.75 
1.62 
1.50 
1.50 
1.26 
1.17 
1.24 
1.17 
1.82 
1.75 
1.22 


July. 


0.72 

.65 

.80 

1.42 

1.60 

1.50 

1.25 

1.10 

1.00 

1.52 

1.60 

1.26 

1,26 

1.17 

1.33 

1.41 

.82 

1.38 

2.05 

1.80 

1.02 

.62 

.50 

.40 

.35 

.35 

.61 

.65 

.85 

.85 

.68 


Aug. 


0.65 

.65 

.68 

.69 

1.94 

1.60 

1.28 

2.05 

1.60 

1.90 

1.02 

.60 

1.28 

.75 

.82 

3.10 

2.10 

.95 

1.15 

.95 

.80 

.60 

.55 

.70 

.58 

.48 

.38 

.30 

•  ««^ 

.20 
.32 


Sept. 


Oct. 


0.45 
.50 
.42 
.32 
.25 
.85 
.36 
.30 
.30 
.18 
.30 
.30 
.35 
.85 
.20 
.45 
.66 
.70 
.45 
.38 
.25 
.15 
.20 
.20 
.22 
.30 
.85 
.35 
.38 
.40 


0.40 
.38 
.30 
.32 
.25 
.32 
.35 
.38 
.40 
.50 
.78 
.65 
.45 
.40 
.60 
.72 
.80 
.80 
.82 
.88 
.90 

.85 
.84 
.85 
.98 
1.00 
.98 
.92 
.80 
.80 


Not.  I    Dec 


0.82 

1.02 

1.10 

1.10 

1.08 

1.10 

.88 

.68 

.60 

.60 

.58 

.50 

.65 

.48 

.60 

.60 

.48 

.45 

.42 


.50 
.50 
.45 
.50 
.50 
.50 
.53 
.50 
.51 
.35 


0.38 
.40 


aBiverftrozon. 


l)RAlNAG£   BASIN  OF   ARKANSAS   BIYEB. 
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TRINIDAD  STATION  ON  PUBGATOIBE  BIYEB. 

This  station,  dsscribed  in  the  Eighteenth  Annual  Eeport,  Part  lY, 
>age  231,  is  located  at  the  Las  Animas  street  bridge  in  the  city  of 
Trinidad,  Colorado.  The  gage  consists  of  a  vertical  2  by  6  inch  plank, 
md  is  fastened  with  iron  bands  to  the  downstream  side  of  a  cylin- 
Irical  bridge  pier,  on  the  right  side  of  the  river.  The  banks  are  high 
i.nd  not  liable  to  overflow,  the  bed  is  of  gravel  and  small  stones,  and 
he  water  moves  with  fair  velocity.  Stream  measurements  are  made 
rem  the  lower  side  of  the  bridge  during  high  water,  and  at  low  stages 
)y  wading  some  400  feet  below  the  gage.  The  observer  is  J.  N.  Turner, 
7ater  commissioner.  The  following  measurements  of  discharge  were 
aade  in  1897  by  F.  Cogswell : 

May  22,  gage  height,  4.25  feet ;  clischarge,  677  Becond-feet. 
June  17,  gage  height,  4.10  feet;  discharge,  386  second- foet. 
Jnly  15,  gage  height,  3.90  feet;  discharge,  189  Becond-feet. 
kSeptember  23,  gage  height,  3.60  feet;  discharge,  49  second-feet. 
November  13,  gage  height,  3.55  feet;  discharge,  46  second-feet. 

Daily  gage  )ieight,  in  feet  j  of  Purgatoire  River  at  Trinidad^  Colorado  j  for  1897. 


Day. 

Apr. 

May. 

June. 

July. 

Aug. 

Sept. 

Oct. 

Nov. 

1 

3.75 
3.70 
3.75 
3.75 
3.75 
8.65 
3.75 
3.75 
3.80 
8.85 
8.75 
3.80 
3.90 
3.90 
3.85 
3.75 
3.80 
8.75 
3.90 
3.90 
4.00 
3.90 
8.85 
8.95 
4.00 
3.95 
3.90 
4.00 
4.00 
4.05 

4.05 
4.15 
4.05 
4.30 
4.30 
4.35 
4.30 
4.80 
4.40 
4.30 
4.25 
4.20 
4.30 
4.30 
4.30 
4.15 
4.20 
4.20 
4.35 
4.55 
4.40 
4.22 
4.20 
4.20 
4.20 
4.30 
4.35 
4.30 
4.25 
4.30 
4.30 

4.20 
4.25 
4.30 
4.20 
4.05 
4.00 
4.00 
4.00 
4.0O 
4.00 
4.00 
4.05 
4.10 
4.15 
4.10 
4.10 
4.10 
4.05 
4.00 
4.00 
3.90 
3.90 
3,90 
3.90 
3.90 
4.  GO 
4.25 
4.05 
4.00 
4.20 

4.15 
4.05 
4.00 
3.90 
3.90 
3.85 
3.80 
3.80 
4.65 
4.20 
4.10 
4.00 
3.95 
3.90 
8.90 
3.95 
4.00 
4.00 
3.95 
3.90 
3.90 
3.80 
3.80 
3.80 
3.80 
3.80 
3.80 
3.80 
3.75 
3.55 
3.50 

3.50 
3.45 
3. 65 
3.60 
3.55 
4.00 
3.85 
4.80 
4.25 
4.10 
3.95 
4.00 
3.90 
3.90 
4.70 
4.00 
4.00 
4.00 
3.90 
4.00 
3.90 
4.00 
4.00 
3.90 
3.60 
8.45 
3.40 
3.30 
3.35 
3.40 
3.40 

3.50 
3.50 
3.50 
3.50 
3.55 
3.60 
3.55 
3.60 
.•J.  60 
3.95 
3.95 
3.90 
4.10 
3.90 
3.90 
4.05 
3.85 
3.75 
3.60 
3.65 
3.60 
3.50 
3.60 
3.60 
3.50 
8.60 
3.60 
3.60 
8.60 
3.60 

3.60 
8.60 
3.60 
3.60 
3.60 
3.60 
3.00 
3.00 
3.  65 
3.60 
3.60 
3.60 
3.60 
3.60 
3.60 
3.00 
3.75 
3.65 
3.60 
3.60 
3.60 
3.60 
3.  60 
3.60 
3.70 
3.70 
3.65 
3.65 
3.65 
8.60 
3.60 

3.60 
3.60 
3.55 
3.55 
3.50 
8.50 
3.60 
8.60 
3.60 
8.60 
3.60 
3.60 
3.60 
3.60 
3.50 
3.55 
3.55 
3.50 
3.50 
3.50 
3.50 
8  50 
3.50 
3.60 
3.60 
3.60 
3.50 
3.60 
3.50 
3.50 

2 

3 

1   4.. 

5 

6 

7 

8 

0 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

I  23 

t  24  ...::::;:: 

25 

28 

27 

28 

29 

30 

31 
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OPERATIONS  AT   EIVER   STATIONS,  1897. 


HUTCHINSON  STATION  ON  ARKANSAS  RIVER. 

This  station,  described  in  the  Eighteen tli  Annual  Report,  Part  IV, 
page  232,  is  located  at  the  wagon  bridge  at  the  south  end  of  Main 
street,  Hutchinson,  Kansas.  The  observer  is  Daniel  Lauer,  who  lives 
about  100  yards  from  the  station.  The  gage  consists  of  an  oak  timber 
painted  white,  graduated  in  feet  and  tenths  and  spiked  to  an  oak  pile 
a  few  feet  above  the  bridge,  driven  as  a  protection  to  the  bridge  pier 
from  ice  and  drift.  Th6re  are  two  bench  marks:  One  is  theupiier 
cross  piece  of  the  pier  guard,  having  an  elevation  of  8.35  feet  above 
zero;  the  second  is  the  top  of  the  iron  doorsill,  next  to  the  river,  of  tLe 
first  brick  buikling.  Its  elevation  is  8.12  feet  above  zero  of  the  gage. 
Measurements  are  made  from  the  bridge,  and  at  low  water  may  be  made 
by  wading.  The  channel  is  generally  straight  for  some  distance,  botb 
above  and  below,  and  is  sandy  and  very  shifting.  At  very  low  stages 
the  water  is  in  several  channels  and  crooked.  Tlie  following  discharge 
measurements  were  made  in  1897  by  W.  6.  Eussell : 


Feb.  25... 
Mar.  25... 
Apr.  14... 
Apr.  22... 
May  7.... 


Gage 
height. 

Dis- 
charge. 

Feet. 

Sec.  ft. 

2.30 

471 

1.75 

158 

2.00 

221 

1.70 

122 

1.95 

170 

Pate. 

Gago 

height. 

Dis- 
charge. 

Date. 

Gaco 

height. 

Feft. 

.S«j.  ft. 

Feel. 

May  18.... 

2.00 

202 

Aug.  3  . . . 

1. 15 

Juue  3 

1.60 

60 

Aug.  20  .  - 

2.20 

June  29... 

2.10 

284 

Sept.  29 . . 

1.10 

July  14.... 

1.30 

15 

July  27 

1.10 

4 

1 

I)i»- 

chwyp. 


Set.  ft 


2ri 


Daily  gage  height,  in  feet,  of  Arkansas  River  at  JTuichinson,  Kansas,  far  1S97. 


Day. 


1 

1.60 

2 

1.60 

8 

1.80 

4 

1.80 

6 

6 

1.80 
1.80 

7 

1.80 

8 

1.80 

0 

1.80 

10 

1.80 

11 

1.80 

12 

1.80 

13 

1.70 

14 

15 

1.70 
1.70 

16 

17 

1.70 
1.70 

18 

1.70 

19 

20 

21 

J.80 
1.90 
1.90 

22 

28 

24 

1.00 
1.90 
1.00 

25 

1.90 

26 

].80 

27 

1.00 

28 

1.00 

29 

80 

1.60 
1.60 

31 

1.80 

Jan. 


Feb. 


1.80 
1.80 
1.80 
2.20 
2.20 
2.20 
1.70 
1.80 
1.80 
1.90 
2.45 
2.33 
2.25 
2.80 
2.70 
1.65 
1.60 
1,00 
1.60 
2.05 
2.  50 
2.  50 
2.45 
2.  35 
2.30 
2.30 
2.  20 
3.85 


Mar. 


2.20 
2.15 
2.30 
2.30 
2.25 
2.20 
2.20 
2.10 
2.10 
2.10 
2.00 
1.90 
1.90 
2,10 
1.85 
1.80 
1.80 
1.80 
1.80 
1.80 
1.80 
1.80 
1.80 
1.80 
1.75 
1.70 
1.70 
1.70 
1.70 
1.70 
1.70 


Apr. 


1.70 
1.70 
1.80 
1.80 
1.90 
2.05 
2.10 
2.20 
2.20 
2.20 
2.15 
2.10 
2.  05 
1.95 
1.90 
1.85 


May.  .Tune.  Jnly.  Aug. 


80 
80 
80 


1.80 
1.70 
1.70 
1.70 
1.85 
2. 10 
2.15 
2.20 
2.20 
2.20 
2.20 


2.15 
2.10 
2.05 
2.00 
2.00 
2.00 
2.00 
1.95 
1.90 
2.10 
2.30 
2.  40 
2.35 
2.30 
2.15 
2.10 
2.  05 
2.00 
1.90 
1.90 
1.90 
1.90 
1,85 
1.80 
1  75 
1.70 
1.70 
1.70 
1.65 
1.60 
1.60 


1.60 
1.60 
1.55 
1.55 
1.60 
1.60 
1.60 
1.60 
1.60 
1.55 
1.90 
2.10 
2.20 
2.20 
2.20 
2.20 
2.  20 
2.20 
2.15 
2.20 


2. 
2. 
2. 
2. 
2. 
2. 


20 
20 
30 
30 
30 
30 


2.25 
2. 15 
2.10 
2.05 


1.85 
1.75 
1.70 
1.95 
1.75 
1.55 
1.55 
1.45 
1.40 
1.65 
1.50 
1.50 
1.40 

i.:h5 

1.30 
1.30 
1.30 
1.30 
1.30 
1.25 
1.20 
1.10 
I.IO 
1.10 
1.20 
1.20 
1.30 
1.35 


70 
60 
45 


1.35 
1.15 
J.  05 
1.00 
1.00 
1.10 
J.  10 
1.10 
1.10 


Sept. 


05 
00 
00 
00 
1.45 
1.30 
1.15 
2.05 
2.25 
2.30 
2.20 
2.15 
2.00 
2.20 
2.65 
2.05 
2. 
2. 
2. 


75 
55 
30 


2.20 
2.20 
2.10 


2.00 
1.05 
1.90 
1.80 
1.75 
1.65 
1.55 
1.50 
1.50 
1.45 
1.40 
1.35 
1.30 
1.30 
1.30 
1.75 
1.65 
1.55 
1.50 
1.45 
1.40 
1.35 
1.30 
1.30 
1.26 
1.20 
1.20 
1.20 
1.10 
1.10 


Oct. 


1.10 
1.10 
1.10 
1.10 
1.10 
1.10 
1.10 
1.10 
1.10 
1.10 
1.10 
1.05 
1.00 
1.00 
1.00 
1.05 
1.20 
1.45 


Nov. 


De«'. 


40 
40 
40 
40 
30 
30 
1.35 
1.40 
1.30 
1.80 
1.30 
1.30 
1.30 


1.30 

i.ao 

1.30 
1.30 
1.30 
1.30 
1.30 
1.30 
1.30 
1.30 
1.30 
1.30 
1.30 
1.20 
1.20 
1.20 
1.20 
1.20 
1.20 


20 
20 
20 
20 
30 


1.35 
1.40 
1.40 
1.30 
1.30 
1.30 


(a) 

(a) 

(«) 

(«) 
1.65 

1.70 
].«0 
1.5« 
1.50 
1.50 
1.50 
1.50 
1.45 
1.40 

1.40 
1.40 
1.40 
1.40 
1.40 
1.40 
1.40 
1.40 
1.40 
1.40 
1.40 
1.40 
1.40 
1.40 
1.40 
1.40 
1.40 


a  Frozen. 
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LIBERTY  STATION  ON  VERDIGRIS  RIVER. 


This  station,  described  in  the  Eighteenth  Annual  Eeport,  Part  lY, 
)age  235,  is  located  at  a  wagon  bridge,  about  250  feet  below  McTag- 
jart's  milldam,  about  3  miles  southwest  of  the  town  of  Liberty,  Kansas, 
rhe  gage  is  in  two  parts — a  vertical  board  marked  to  feet  and  tenths 
hstened  to  the  flume,  which  serves  to  give  ordinary  heights,  and  hori- 
;oDtal  marks  one-half  foot  apart  on  the  corner  of  wheelhouse.  The 
:ero  of  gage  is  12.46  feet  below  the  heads  of  three  large  nails  in  flume. 
3ench  mark  2  is  the  head  of  a  spike  in  root  of  cottonwood  tree  4.75  feet 
n  circumference  and  40  feet  south  of  gage.  The  spike  has  a  circle  cut 
kTOund  it,  with  letters  U.  S.  above.  Its  elevation  is  10.98  feet  above 
latum.  The  bed  is  rock  and  gravel,  and  subject  to  very  little  change. 
September  11, 1897,  a  secondary  gage  was  placed  about  7  miles  above 
jage  No.  1.  It  is  located  at  the  Independence  waterworks,  and  is  to 
)e  read  hourly  when  the  river  is  in  flood.  The  zeros  of  the  two  gages 
iro  referred  to  the  same  datum.  The  observer  is  A.  i\  McTaggart. 
The  following  discharge  measurements  were  made  in  1897  by  E.  0, 
Murphy: 

April  2,  gage  height^  6.55  feet;  discharge,  2,558  second-feet. 

April  3,  gage  height,  5.87  feet;  discharge,  2,003  second-feet. 

April  30,  gage  height,  17.00 feet;  discharge,  10,367  second-feet. 

May  1,  gage  height,  7.38  feet;  discharge,  3,381  second-feet. 

Jane  29,  gage  height,  2.35  feet;  discharge,  70  second-feet. 

July  20,  gage  height,  3.00  feet;  discharge,  312  second-feet.     •  ^ 

September  8,  gage  height,  1.95  feet;  discharge,  14  second- feet. 

Daily  gage  height ^in  feet ,  of  Vtrdigris  Biver  at  Liberty y  Kansas,  for  1897. 


Bay. 

Jan. 

Feb. 

8.60 
3.*  40* 
9.80 

Mar. 

3.60 

3.  GO 
3.80 
5.00 

20.00 
13.75 
7.50 
6.00 
7.15 
6.90 
5.80 
4.05 
4.80 
4.35 
4.25 
4.10 
5.05 
5.80 
5.40 
5.55 
5.70 
5.10 

4.  GO 
4.20 
4.00 
3.95 
3.80 
3.80 
3.80 
6.50 
9.30 

Apr. 

May. 

June. 

July. 

Aug. 

2.20 
2.20 
2.20 
2.20 
2.20 
2.20 
2.20 
2.10 
2.10 
2.10 
2.10 
2.10 
2.10 
2.10 
2.10 
2.10 
2.10 
2.10 
2.10 
2.10 
2.10 
2.00 
2.00 
2.00 
2.00 
2.00 
2.00 
2.00 
2.00 
2.00 
2.00 

Sept. 

Oct. 

Nov. 

Dec. 

1 

10.15 
7.05 
5.70 
5.05 
4.75 
4.55 
4.35 
4.30 
4.30 
4.55 
5.00 
4.70 
4.30 
4.15 
4.00 
3.85 
8.70 
3.60 
8.60 
8.60 
8.60 
8.40 
8.40 
8.40 
6.85 
6.70 
4.85 
18.75 
28.20 
21.60 

7.20 
5.80 
5.25 
4.95 
4.65 
4.45 
4.35 
4.15 
4.10 
4.10 
6.05 
13.25 
6.85 
5.10 
4.80 
4.50 
4.30 
4.15 
8.95 
3.75 
3.55 
3.  .35 
4.05 
3.05 
3.70 
3.55 
3.20 
8.10 
8.00 
3.00 
.3.00 

2.90 
2.  90 
3  10 
2.90 
2.90 
2.90 
3.00 
3.00 
8.25 
0.65 
4.75 
4.10 
3.60 
3.40 
3.30 
3.30 
3.20 
3.10 
3.00 
3.10 
8.35 
3.10 
2.80 
2.70 
2.60 
2.50 
2,50 
2.40 
2.40 
2.30 

2.40 
2.40 
2.40 
2.40 
2.45 
9.45 
6.90 
5.00 
3.70 
2.95 
2.75 
2.60 
2.50 
2.50 
2.45 
2.40 
2.40 
2.40 
2.60 
2.95 
8.05 
2.80 
2.80 
2.70 
2.55 
2.35 
2.20 
2.20 
2.20 
2.20 
2.20 

2.00 
2.00 
2.00 
2.00 
2.00 
2.00 
2.00 
2.00 
2.00 
2.00 
2.00 

2.00 

1.70 

1.60 

2 

3 

8.80 

i.'io' 
i'so' 

1.60 

1.60 

4 

4.00 

6 

1.60 

"i.TO" 

6 

8.80 

7 

8 

6.00 
'5."  60* 
'7.' 20' 

1.80 

1.60 

1.70 

9 

10 

8.30 

i.ao' 

1.60 

1.70 

11 

12 

8.20 

1.00 

"i.76  " 

13 

u 

4.20 

2.00 

1.80 

15 

5.00 
'5.30' 
'4.' 60* 

2.00 

1.80 

1.60 

1.90 

16 

4.30 

17 

1.60 

1.90 

18 

5.10 

2.00 

1.70 

19 

1.60 

"i.'oo  * 

20 

5.80 

2.00 

1.70 

21 

22 

23 

5.30 

4.40 

2.00 

1.70 

1.60 

2.20 

24 

4.00 
4.06' 

1.60 

2.20 

25 

26 

4.70 

2.00 
'2.06* 

1.70 

'i.*7o' 

1.60 

'  i.'75" 

27 

4.10 

28 

20 

20 

3.80 

2.00 

1.70 

1.60 

1.90 

31 

1.90 

"••••* 
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lOLA  STATION  ON  NEOSHO  RIYER. 

This  station,  described  in  the  Eighteenth  Annual  Beport,  Part  IT, 
page  238,  is  located  at  a  highway  bridge  1  mile  west  of  the  city  of  lola, 
Kansas.  The  gage  is  in  two  parts — one  part,  a  veridical  board  marked  to 
feet  and  tenths  and  fastened  to  Hume,  serves  to  give  ordinary  heights; 
the  other  is  a  smooth  stone  wall  near  by,  having  horizontal  lines  on  it 
one-half  foot  apart,  for  use  when  the  water  is  high.  The  zero  is  13.30 
feet  below  the  heads  of  three  large  nails  driven  into  crosspiece  of 
flume.  The  observer  is  Eliaa  Bruner.  The  following  is  a  list  of 
discharge  measurements  made  by  E.  0.  Murphy  in  1897 : 

March  19,  gage  height,  3.15  feet;  discharge,  566  Becond-feet. 
April  1,  gage  height,  4.60  feet;  discharge,  2,049  second- feet. 
April  2,  gage  height,  4.35  feet;  discharge,  1,752  second-feet. 
May  1,  gage  height,  3.28  feet;  discharge,  544  second-feet. 
Jnne  28,  gage  height,  4.75  feet ;  discharge,  2,226  second-feet. 
December  1,  gage  height,  1.80  feet;  discharge,  1  second-foot. 

Daily  gage  height,  in  feet,  of  Neosho  JRiver  at  lola,  Kanstu,  for  1897. 


Day. 


1 

2 

3 

4 

5 

6 

7.-.,. 

8..... 

9 

10 

11 

12 

13 

14 

■10 .  •  •  •  • 

16 

17 

16 

19 

20 

21 

22 

28 

24 

26 

26 

27 

28 

20 

ao 

81...., 


!*••■•' 


m  »  m  m  I 


Jan. 


2.20 
2.30 
2.40 
2.60 
2.60 
2.60 
2.60 
2.70 
2.00 
2.90 
2.05 
3.10 
8.15 
3.20 
3.20 
3.15 
3.00 
3.20 
3.20 
3.30 
3.40 
3.50 
3.60 
3.60 
3.50 
3.60 
3.40 
3.35 
3.30 
3.30 
3.30 


Feb. 

Mar. 

Apr. 

3.20 

2.95 

4.76 

3.50 

3.05 

4.20 

3.90 

3.00 

4.10 

5.90 

3.10 

3.85 

4.70 

6.35 

3.65 

3.20 

5.05 

3.45 

3.30 

4.00 

3.40 

3.15 

3.55 

3.60 

3.45 

3.45 

8.90 

3.75 

3.25 

4.00 

4.25 

3.05 

4.00 

5.15 

2.95 

4.00 

4.85 

2.90 

3.90 

4.80 

2.90 

3.80 

5.85 

2.80 

8.65 

5.30 

2.85 

3.40 

4.80 

2.00 

3.20 

5.40 

2.90 

3.10 

5.85 

3.05 

3.10 

5.20 

4.85 

3.10 

4.65 

3. 8r> 

3.00 

4.30 

8.50 

3.00 

3.85 

3.05 

3.00 

3.25 

3.25 

2.90 

2.70 

3.20 

2.90 

8.30 

3.10 

3.10 

3.00 

3.00 

3.10 

2.90 

8.00 

3.45 

8.00 

3.65 

4.80 
5.35 

3.45 

May. 

Jano. 

July. 

1 

3.30 

2.40 

2.25 

3.30 

2.40 

2.20 

3  30 

2.40 

2.20 

3.20 

2.45 

2-25 

3.20 

2.50 

2.35 

3.15 

2.50 

2.30 

,3.10 

2.50 

2.20 

3.10 

2.45 

2.65 

3.10 

2.40 

2.70 

3.00 

2.40 

2.90 

3.00 

3.60 

2.95 

3.00 

3.55 

2.85 

3.00 

3.25 

2.  75 

2.90 

3.15 

2.65 

2.00 

2.85 

2.50 

2.90 

2.75 

2.40 

2.80 

2.55 

2.30 

2.80 

2.35 

2.  30 

2.70 

2.25 

2.25 

2.70 

2.30 

2.25 

2.60 

2.25 

2.20 

2.60 

2.20 

2.20 

2.50 

2.20 

2.20 

2.50 

2.10 

2.20 

2.50 

2.10 

2.15 

2.50 

2.60 

2.15 

2.40 

3.85 

2. 15 

2.40 

3.85 

2.15 

2.40 

4.10 

2.15 

2.40 

2.75 

2.15 

2.40 

2.15 

Nov.^   Dec. 


2.00 
2.10 
2.10 
2.10 
2.10 
2.10 
2.10 
2.00 
2.10 
2.10 
2.10 
2.10 
2.10 
2.10 
2.00 
2.10 
2.10 
2.10 
2.15 
2. 15 
2.15 
2. 10 
2.10 
2.10 
2.10 
2.10 
2.10 
2.10 
2.00 
2.05 
2,05 


2.05 
2.00 
2.00 
2.00 
90 
90 
80 
80 
1.80 
1.80 
1.80 
1.80 
1.80 
].80 
1.80 
1.80 
1.80 
1.80 
1.80 
1.80 
1.80 
1.80 
1.80 
1.80 
1.80 
1.80 
1.80 
1.80 
1.80 
1.80 


1.80 
1.80 
1.80 
1.80 
1.80 
1.80 
1.80 
1.80 
1.80 
1.60 
1.80 
1.80 
1.80 
1.80 
1.80 
1.80 
1.80 
1.80 
1.80 
1.80 
1.80 
1.80 
1.80 
1.80 
1.70 
1.70 
1.70 
1.70 
1.70 
1.70 
1.80 


1.80 
1.80 

1.80 
1.80 
1.80 

i.m 

1.80 
1.80 
1.80 
1.80 
l.W 
1.80 
1.80 
1.80 
1.80 
1.80 
1.60 
1.80 
1.80 
1.80 
1.80 
1.80 
1.80 
1.80 
1.80 
1.80 
1.80 
1.80 
1.80 
1.80 


.80 
.80 
,80 
80 

go 

£0 
ft) 
80 
80 
80 
80 
80 
80 
80 
90 
80 
» 
80 
80 
80 
S> 
80 

» 

80 

eo 

80 

«0 


.» 
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DEL  NOBTE  STATION  ON  RIO  GRANDE. 

This  station,  described  in  the  Eighteenth  Annual  Report,  Part  IV, 
page  246,  is  located  about  two  miles  above  the  town  of  Del  Forte,  Ool- 
arado.  The  gage  consists  of  an  inclined  2  by  6  inch  plank,  fastened 
to  posts  driven  into  the  right  bank  of  the  river.  Bench  mark  Ko.  1  is 
»  large  nail  in  the  root  of  a  tree  15  feet  northwest  of  the  end  of  the 
[^ble  on  left  bank  of  river.  Bench  mark  No.  2  is  a  large  nail  in  the  root 
3f  a  tree  25  feet  southwest  of  the  end  of  the  inclined  gage.  Both 
i)ench  marks  are  7.54  feet  above  gage  datum.  While  the  banks  are 
not  high,  the  river  has  never  been  known  to  overflow.  The  current  is 
swift;  the  bed  is  composed  of  small  stones  and  the  cross  section  does 
Qot  change  materially.  Discharge  measurements  ar^  made  from  a  box 
suspended  from  a  five- eighth  inch  wire  cable  fastened  to  trees  on  each 
side  of  the  river.  The  observer  is  J.  S.  Regan.  The  following  dis- 
charge measurements  were  made  in  1897  by  F.  Cogswell : 

April  26,  gskge  height;  3.00  feet;  discharge,  1,507  socond-feet. 
May  17,  gage  height,  4.05  feet;  discharge,  3,014  second-feet. 
May  29,  gage  height,  5.45  feet;  discharge^  4,898  socoud-feet.       • 
Juiie  28,  gage  height,  3.30  feet;  discharge,  1,769  second-feet. 
July  26,  gage  height,  2.00  feet;  discharge,  640  second-feet. 
August  30,  gage  height,  1.55  feet;  discharge,  373  second-feet. 
October  25,  gage  height,  2.G6  feet;  discharge,  1,113  eecond-feet. 

Daily  gage  height,  infect,  of  Rio  Grande  at  Del  Norte,  Colorado,  for  1897, 


Day. 

Jan. 

Feb. 

Mar. 

Apr. 

May. 

Jane. 

July. 
3.40 

Ang. 

Sept. 

1.48 

Oct. 

2.22 

Nov. 

Dec. 

1 

2.18 

3.iO 

5.42 

1.88 

2.96, 

2 

1.8G 

3 

2.24 

3.62 

5.30 

3.56 

1.90 

1.54 

2.50 

2.28 

"2.' so" 

4 

5 

2.24 

3.14 

5.20 

8.18 

1.86 

1.70 

3.36 

2.26 

6 

2.78 

2.08 

7 

2.16 

8.86 

4.42 

2.76 

1.92 

2.00 

3.08 

2.18 

8 

: ::. 

9 

2.64 

2.00 

4.14 

4.60 

3.00 

1.06 

1.78 

3.54 

2.14 

10 

11 

1.06 

4.08 

4.78 

2.84 

1.84 

1.76 

3.26 

2.22 

2.18 

12 

13 

2.82 

2.64 

2.04 

4.26 

4.76 

2.62 

1.76 

2.48 

3.38 

2.12 

\ 

14     

15 

2.24 

4.48 

4. 8?. 

2.60 

1.72 

2.12 

3.50 

2.00 

16 

2.52 

17 

2.90 

4.22 

4.16 

2.48 

1.76 

1.08 

3.24 

1.98 

'2.86  ' 

18. 

19 

3.46 

4.60 

3.84 

2.32 

1.70 

2.02 

3.12 

1.06 

20 

2.84 

2.38 

21 

3.20 

4.36 

3.02 

2.18 

1.64 

2.00 

2.06 

1.94 

22 

23 

24 

2.72 

2.60 

6.12 

4.00 

2.14 

1.60 

2.06 

2.82 

1.00 

25 

2.70 

5.56 

3.56 

2.10 

1.56 

2.20 

2.66 

1.86 

2.72 

26 

27 

2.76 

2.04 

2.04 

5.70 

3.16 

1.98 

1.54 

2.46 

2.54 

1.84 

28 

29 

3.04 

5.40 

3.38 

1.94 

1.52 

• 

2.24 

2.46 

1.88 
1.92 

"  '2.' 66' ' 

30 

2.70 

31 

2.12 

5.58 

1.92 

1.50 

2.44 
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EMBUDO  STATION  ON  RIO   GRANDE. 

This  station,  described  in  tlie  Eighteenth  Annual  Report,  Part  IV, 
page  248,  is  located  about  300  feet  east  of  the  railroad  depot  of  Embudo, 
Kew  Mexico.  The  observer  is  A.  H.  Wasson.  Equipment  consists  of  a 
five  eiglitlis  inch  cable  and  car  with  tagged  wire.  The  gage  is  inclined, 
and  consists  of  4  by  4  timber,  notched  and  marked  every  tenth  of  a 
foot  vertically  and  spiked  to  small  hand-driven  piles.  The  bench  marks 
are  as  follows :  ^o.  1  is  a  rock  near  the  end  of  cable,  left  bank,  marked 
"B.  M."  with  white  paint,  and  is  20.6G  feet  above  datum.  Ko.  2,  rock 
100  feet  above  cable,  left  bank,  marked  similarly  and  is  18.79  feet  above 
datum;  No.  3,  notch  cut  in  southeast  corner  of  station  house  2  feet 
above  platform  and  is  30.48  feet  above  datum.  The  initial  point  of 
sounding  is  on  the  right  bank.  The  left  bank  is  steep  and  the  right 
bank  of  more  gentle  slope.  The  following  discharge  measuremeDts 
were  made  in  1897  by  P.  E.  Harroun : 

February  27,  gago  height,  7.90  feet;  discharge,  414  Becond-feet. 
March  19,  gago  licight,  8.80  foet;  discharge,  672  second-feet. 
June  10,  gage  height,  12.20  feet;  discharge,  5,122  second- feet. 
June  23,  gage  height,  10.55  feet;  discharge,  2,735  second-feet. 
July  11,  gage  height,  9.50  feet;  discharge,  1,527  second- feet.. 
July  24,  gage  height,  8.30  feet ;  discharge,  640  second-feet. 
August  12,  gage  height,  7.40  feet;  discharge,  312  secoud-fect. 
August  29,  gage  height,  7.60  feet;  discharge  273  second -feet. 
September  13,  gage  height,  7.60  feet ;  discharge,  296  second- feet. 
October  8,  gage  height,  9.60  feet;  discharge,  1,501  second- feet. 
October  25,  gage  height,  9.70  feet;  discharge,  1,511  secoud-feet. 

Dfiily  gage  keipkij  in  feetf  of  Rio  Grande  at  Emlmdo,  NeiD  Mexico^  for  1897. 


Day. 

Jan. 

Fob. 

Mar. 

Apr. 

May. 

June. 

July. 

Aug. 

7.60 
7.00 
7.60 

Sept. 

Oct. 

Nov. 

Dec. 

8.70 

i 

1 

7.70 
7.70 
7.70 
7.70 
7.70 
7.70 
7.70 
7.70 
7.70 
7. 70 
7.70 
7.70 
7.70 
7.80 
7.90 
7.80 
7.90 
7.90 
7.95 
8.00 
8.00 
8.00 
8.00 
8.00 
8.00 
7.85 
7.70 
7.70 
7.70 
7.70 
7.70 

7.70 
7.70 
7.80 
7.85 
7.90 
7.90 
7.90 
7.90 
7.90 
7.90 
7.95 

8.10 
8.25 
8.20 
8.20 
8.05 
7.95 
7.90 
7.90 
8.10 
8.20 
8.  05 

8.80 

8.75 

8.70 

8.70 

8.75 

8.70 

8.90 

8.90 

9.05 

9.10 

9.15 

9.30 

9.30 

9.30 

9.45 

9.50 

9.55 

9.95 

10.  30 

10.35 

10.70 

10.70 

10.75 

10.60 

10.45 

10.30 

10.50 

10.75 

10.85 

10.75 

10.85 
11.15 
11.25 
11.60 
11.  55 
11.35 
11.35 
11.30 
11.40 
11.65 
12.00 
12.00 
11.85 
11.90 
11.05 
12.15 
12.20 
12.25 
12.55 
13.05 
13.40 
13.40 
13.20 
13.10 
13.10 
13.50 
13.55 
13.90 
14.00 
13.80 
13.80 

13.85 
13.90 
13.75 
13.35 
12.95 
12.45 
12.10 
12.10 
12.10 
12.10 
12.30 
12.35 
12.45 
12.40 
12.40 
12.  35 
12.25 
12.00 
11.70 
11.20 
11.00 
10.75 
10.50 
10.45 
10.40 
10.40 
10.40 
10.30 
10.20 
10.85 

9.90 
9.80 
9.75 
9.65 
9.60 
9.50 
0.35 

7.60 
7.60 
7.70 

8.20 

8.30 

8.30 

9.05 

8.45 

8.30 

8.60 

9.60 

9.80 

9.80 

10.10 

10.20 

10.15 

10.10 

10.15 

10.20 

10.20 

10.25 

10.30 

10.25 

10.15 

9.55 

10.15 

9.95 

9.70 

9.70 

■9.90 

10.15 

9.90 

0.60 

9.50 

9.50 
9.50 
9.50 
9.60 
9.60 
9.60 
9.50 
9.60 
9.50 
9.50 
9.60 
9.60 
9.50 
9.50 
9.60 
0.50 
9.40 
9.35 
9.20 
9.00 
9.00 
8.90 
8.85 
8.80 
8.70 
8.70 
8.70 
8.70 
8.70 
8.70 

1 

2 

3 

8.50 
&50  1 
8.-KI  ' 
8.20 
g.30 
8.30  1 
8.25 
&40 

4 

7.50 
7.45 

7.60 
7  56 

5 

C 

7.40 
7.50 

7.50 
7.50 
7.50 
7.50 
7.50 
7.60 
7.60 
7.65 
7.60 
7.60 
7.70 
7.70 
7.75 
7.80 
7.80 

7 

8 

9.55 

1.  %r-r 

7.55 

0 

9.70 
9.50 
9.50 
0.55 
9.65 
9.65 
10.36 
10.00 
9.50 
9.50 
9.35 
9.05 
8.80 
8.70 
8.55 
8.3a 
8.10 
8.00 
8.00 
7.85 
7.80 
7.75 
7.65 

7.60 
7.50 
7.50 
7.40 
7.40 
7.35 
7.30 
7.40 
7.60 
7.45 
7.40 
7,40 

10 

8.40 

11 

8.»  i 

12 

7.95 

S  9S 

8.40 

13 

7.90  j  8.26 
7.90     8.30 
7.  85     8.  25 
7.  80     8.  30 
7.95  1  8.40 
7.90  ■■  8.40 

8.30 

14 

&10 
8.20 
8.W  i 
8.30 
8.40 
8.» 
8.30  1 
8.40  1 

aso  i 

8.20 
8.30 
8.40  ' 

15 

16 

17 

18 

19 

7.90 
7.90 

8.40 
8.50 

20 

21 

7.  85     8.  60 

8.90 

7.80 

2?, 

23 

7  85 
7.90 
7.80 
7.80 
8.15 
7.90 
8.00 

•••■•• 

8.60 
8.45 
8.20 
8.45 
8.45 
8.60 
8.80 
8.95 
9.00 
8.85 

7.60 
7.60 
7.60 
7.65 
7.50 
7.50 
7.55 
7.60 
7.60 
7.60 

7.&> 
7.90 
7.85 
7.95 
8.00 
8.00 
8.00 
8.10 
8.10 

24 

25 

26 

8.»  1 

27 

8,30  , 

28 

8.80 
8.30 
8.30 
1.40 

29 

30 

31 

^ 
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ABIQUIU  STATION  ON  CHAMA  RIVER. 

This  station,  described  in  the  Eighteenth  Annaal  Keport,  Part  IV, 
page  252,  is  located  about  200  yards  above  the  town  of  Abiquiu,  New 
Iklexico.  The  gage  consists  of  two  pieces  of  4  by  4  inch  timbers  laid 
3n  the  slope  of  the  river  bank  and  spiked  to  hand  driven  piles.  The 
paging  equipment  consists  of  five-eighths  inch  cable,  car,  and  tagged 
Kvire.  The  initial  point  for  soundings  is  on  the  left  bank.  The  channel 
is  straight,  both  above  and  below  the  station,  for  a  distance  of  about 
500  feet,  although  at  stages  of  very  low  water  it  is  likely  to  divide  and 
swing  in  the  main  bed.  The  right  bank  is  steep  and  rocky,  but  the 
left  is  liable  to  overflow  during  an  excessive  flood.  The  observer  is 
Benry  Grant.  This  station  was  discontinued  on  April  7, 1897.  The 
following  is  a  list  of  discharge  measurements  made  during  1897  by  P. 
B,  Harroun: 

Febrnary  26,  gage  height;  2.20  feet ;  discharge,  66  second- feet. 
March  18,  gage  height,  3.00  feet;  discharge,  318  second-feet. 

Daily  ffage  heighty  in  feet,  of  Chania  River  at  Abiquiu,,  New  Mexico,  for  1897. 


1 
Day. 

1... 

1^ 
Jan. 

Feb. 

Mar. 
2.35 

Apr. 
4.35 

Day. 

12... 

Jun. 

Feb.    Mar. 

i 

Apr. 

!  Day. 
1  23... 

Jan. 
1.95 

Feb. 

Mar. 
3.70 

\pr. 

3.40 

2.10 

1.95 

2. 15     3. 15 

2.00 

2 

2.55 

2.10 

2.35 

3.95 

13... 

1.90 

2.00     3.00  1 i'  24... 

2.00 

1.95 

4.05 

3... 

2.40 
2.25 

2.05 
2.05 

2.50 
3.55 

4.20 
5.10 

14... 
15... 

3.45 
3.25 

2.00 
2.00 

3.05 
2.90 

1 

25... 
26... 

2.05 
2.15 

2.10 
2.05 

3.70 
3.70 

1    4... 

1 

1 

3 

2.20 

2.00 

3.55 

4.85 

1  16... 

3.00 

2.00 

2.90    ! 

27... 

2.15. 

2.15 

4.10 

6... 

2.05 

2.15 

3.20 

5.75 

17.. 

2.45 

2.00 

3.15    

28... 

2.05 

2.25 

4.05 

7... 

1.90 

2.05 

2.90 

4.85 

18... 

2.30 

2.25 

3.25  1 

29... 

2.10 

4.10 

8... 

2.05 

2.15 

3.05 

19... 

2.20 

2.40 

3.15  ' 

30... 

2.10 

3.95 

9... 

2.10 

1.05 

2.95 

20... 

2.05 

2.15 

2.05 

31... 

1.95 

3.85 

10... 

2.05 

2.00 

2.80 

21... 

2.00 

2.05 

3.05 



U... 

2.10 

2.10 

2.85 

22... 

2.15 

2.05 

3.25 
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RIO  GRANDE  STATION  ON  RIO  GRANDE- 

This  station,  described  in  the  Eighteenth  Annual  Reix>rt,  Part  IT, 
page  252,  is  located  aboat  one-fourth  of  a  mile  above  the  railroad  sta- 
tion, Rio  Grande,  New  Mexico.  The  equipment  consists  of  a  flve-eiglitlis 
inch  wire  cable,  car,  and  tagged  wire.  The  gage  is  inclined,  and  cou- 
sists  of  two  timbers  4  inches  square  fastened  to  hand-driven  piles  and 
wired  to  solid  rocks.  The  bench  mark  is  on  the  top  of  a  bowlder,  to 
which  the  upper  portion  of  the  gage  is  fastened,  and  is  17.815  feet 
above  gage  datum.  Measurements  are  made  from  the  car  suspended 
from  the  cable.  The  bed  of  the  stream  is  rocky  and  is  confined  between 
high  banks.  The  observer  is  L.  M.  Fewell.  The  following  discharge 
measurements  were  made  in  1897  by  P.  E.  Harroun: 


Date. 


Feb.  25. 
Mar.  17. 
May  15. 
Juue  9 . 
June  22 


Gago 
height 


Ftet. 
4.90 
5.83 
10.50 
8.80 
7.20 


Dis- 
charge. 

Date. 

Gace 
height. 

Dis- 
chargo. 

Date. 

1 
1 

Gaee         Dii- 

hei|^t.     charge. 

ike.  ft. 

i 

1 

Feet. 

Het.fU 

1 

Ft€t, 

1             1 

487 

July  10.... 

5.90 

1,757 

Sept.  24.. 

5.20 

637 

1,003 

July  23.... 

5.20 

995 

Oct.  7.... 

6.10  i  \,m  ' 

10, 892 

Aug.  11.... 

4. 80         406 

Oct.l^... 

7.00 

2,712 

6,794 

Aug.28.... 

4. 20         266 

3, 470 

Sept.  12  . . . 

5. 70     1, 044 

Daihj  gage  height,  in  fcet^  of  Rio  Orande  at  Rio  Grande,  New  Mexico,  for  1S97. 


DaJ^ 

Jan. 

Feb. 

4.95 
4.95 
5.10 
5.10 
4.95 
5.00 
5.00 
5.00 
4.95 
5.00 
5.00 
4.90 
5.00 
5.05 
4.90 
4.82 
4.90 
4.95 
5.00 
5.05 
5.10 
4.90 
4.85 
4.90 
4.95 
5.05 
5.06 
5.05 

Mar. 

5.20 
5.25 
5.90 
6.30 
5.40 
5.15 
5.15 
5.22 
5.80 
5.70 
5.55 
5.40 
5.40 
5.  .']5 
5.20 
5.G2 
5. 85 
5.65 
5.60 
5.65 
5. 50 
5.55 
5.35 
5.25 
5. 45 
5.75 
6.35 
6.40 
6.85 
6.80 
6.32 

Apr. 

6.10 
6.10 
6.00 
6.05 
6.(0 
6.60 
7.25 
7.40 
6.85 
6.80 
7.10 
7.25 
7.40 
7.40 
7.  75 
8.25 
8.30 
8.70 
8.95 
9.15 
0.30 
9.25 
9.45 
9.15 
9.10 
9.20 
9.80 
9.82 
9.40 
9.40 

May. 

June. 

July. 

Aug. 

Sept. 

Oct. 

Nov. 

6.20 
6.20 

A  9il 

j   Dec. 

1 

5.00 
4.75 
4.70 
4.65 
4.35 
4.30 
4.85 
4.  75 
4.70 
4.85 
5.00 

9.50 
10.00 
10.35 
10.90 
10. 55 
9.95 
9.80 
10.05 
10.40 
10.55 
10.  a'> 
10.  GO 
10.50 
10.50 
10.45 
10.55 
10.40 
10.30 
12. 35 
12.25 
11.70 
11.60 
11.25 
10.80 
10.60 
10.90 
10.90 
11.00 
11.00 
10.90 
11. 20 

10.50 
10.50 
10.20 
10.20 
9.70 
9.25 
9.00 
8.90 
8.80 
8.90 
9.00 
9.10 
9.20 
0.25 
9.20 
8.95 
8.60 
8.35 
8.20 
7.70 
7.45 
7.25 
7.05 
6.95 
6.85 
6.50 
6.65 
6.75 
6.60 
6.55 

6.50 
6.30 
6.10 
6.00 
6.00 
6.00 
5.90 
5.90 
5.80 
6.15 
6.20 
6.20 
6.05 
6.00 
6.10 
6.20 
7.00 
7.00 
6.35 
5.95 
5.65 
5.35 
5.20 
5.20 
5.10 
4.05 
4.75 
4.60 
4.45 
4.40 
4.30 

4.70 
4.55 

4.40 
1  sn 

5.40 
5.45 
5  40 

!    5.15 

•> 

5.15 

3 

4.00     ^i  i.'> 

1    5.05 

4 

4.90 
4.70 
4.90 
4.80 
4.80 
4.80 
4.80 
4.80 
4.80 

4.30 
4.20 
4.20 
4.80 
4.50 
5.05 
5.45 
6.35 
fi  70 

5.  50     6. 20 
7  40  !  Ti  *2i> 

!  4.ao 

5 

4.80 

0 

6.35 
6.25 
6.60 
7.00 
7.55 
7.20 
7.15 
7.10 
7.00 

6.10 
6.00 
5.90 
5.80 
5. 75 
5.70 
5.75 
5.80 
.1  ft) 

i    4.-H) 
4.05 

7 

8 

9 

5.20 
1    5.20 

10 

11 

5.Jl» 
5.30 

12 

5.05 
5.00 
4.90 
5. 05 

5.35 

13 

5.15     5.00 
4. 55     6. 70 
4.  50     5.  GO 
4. 30     5-  20 

iW 

14 

4.80   1 

15 

6  90     -^  on 

4.70 

16 

5.05 
4. 85 
4.70 
4.65 
4.60 
4.70 
4.65 
4.80 
4.80 
4.80 
4.85 
4.85 
4.70 
4.70 
4.95 
5.00 

6.60 
6.70 
7.05 
7.10 
7.00 
6.85 
6.70 
6.55 
6.55 
6.50 
6.50 
6.50 
6.40 
6.30 
6.30 
6.30 

5.90 
5.80 
5.80 
5.70 
5.70 
5.70 
5.70 
5.60 
5.60 
5.60 
5.60 

s.to 

5.60 
5.45 
6.25 

4.ft) 

17 

18 

5.85 
5.26 
5.00 
4.70 
4.60 
5.26 
4.85 
4.75 
4. 65 
4.50 
4.30 
4.20 
4.20 
5.25 
4.50 

4.95 
5.00 
5.05 
5.10 
5.10 
5.10 
5.  20 
5.30 
5.30 
5.30 
6.35 
5.50 
5.40 
5.40 

.•5.20 
5.00 

19....::.:.::::: 

4.« 

20 

5.oe  , 

21 

4.05   ' 

22 

4.70 

23 

4.M 

24 

4.» 

25 

4.W   , 

26 

4.» 

27 

28 

4.^ 
4.90 

29 

4.W 

30 

5.00   1 

31 

5.00 

' 
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SAN  MABGIAL  STATION  ON  BIO  GRANDE. 

9  station,  as  described  in  the  Eighteenth  Annual  Eeport,  Part  lY, 
is54,  is  located  at  the  railway  bridge  one-half  mile  south  of  San 
al,  !N*ew  Mexico.  The  wire  gage  is  attached  to  the  guard  rail  of 
•idge,  lower  side,  south  span.  Bench  marks:  The  13-foot  mark  is 
(v^ith  the  extension  of  the  x)ier  to  which  the  old  gage  was  fastened; 
5-foot  mark  is  level  with  the  top  of  the  capstone  on  which  the 
B  trass  rests.  The  channel  is  sandy  and  shifting.  Several  bridge 
also  break  the  current.  The  observer  is  H.  C.  Lohman.  The 
ing  discharge  measurements  were  made  by  P.  E.  Harroun  in  1897 : 


to. 

Gage 
height. 

Di8. 

charge. 

Date. 

Gago 
height. 

Feet. 

Di«- 
charge^ 

Dato. 

Gage 
heigbt. 

Feet. 

Dis- 
charge. 

Feet. 

See.  ft. 

Sec.  ft. 

See./t. 

21... 

7.40 

344 

June  7 

9.60 

9,141 

Aug.  18.. 

5.20 

5 

24... 

7.50 

478 

June  21 ... 

8.70 

4,142 

Aug.  26  . . 

5.60 

23 

9.... 

7.50 

800 

June  29  . . . 

8.10 

2,811 

Sept.  4... 

5.10 

7 

9.... 

8.00 

1,650 

July  8.... 

7.40 

1,  053 

Sept.  19.. 

8.00 

4,276 

20... 

8.J50 

3,165 

July  16.... 

7.70 

1,150 

Oct.3.... 

7.00 

816 

D 

10.20 

8,679 

July  30.... 

7.00 

401 

Oct.  15... 

8.10 

3,980 

19... 

10.00 

10, 403 

Aug.  9 

6.60 

188 

1 

Oct.  28... 

8.10 

3,796 

ily  gage  heighif  in  feet,  of  Rio  Grande  at  San  Marcialj  Neto  M&cioOjfor  1897, 


Day. 


7.50 
7.50 
7.50 
7.40 
7.40 
7.40 
7.40 
7.40 
7.40 
7.10 
7.40 
7.25 
7.25 
7.25 
7.12 
7.00 
7.00 
7.00 
7.00 
7.00 
7.00 
7.00 
7.00 
7.00 
7.30 
7.30 
7.30 
7.32 
7.40 
7.40 
7.40 


7.40 
7.40 
7.40 
7.40 
7.40 
7.40 
7.40 
7.40 
7.40 
7.40 
7.40 
7.40 
7.40 
7.40 
7.40 
7.40 
7.48 
7.45 
7.45 
7.46 
7.45 
7.50 
7.50 
7.50 
7.50 
7.50 
7.50 
7.60 


7.50 
7.50 
7.50 
7.50 
7.50 
7.50 
7.50 
7..'^0 
7.  50 
7.50 
7.50 
7.50 
7.50 
7.45 
7.55 
7.65 
7.50 
7.40 
7.40 
7.40 
7.40 
7.48 
7.50 
7.50 
7.80 
7.65 
7.60 
7.60 
7.60 
7.60 
7.70 


8.50 
8.20 
7.60 
7.60 
7.60 
7.60 
7.60 
7.60 
7.90 
8.00 
8.30 


8. 
8. 


30 
30 


May. 


8.60 
8.95 
8.50 
8.50 
8.50 
8.50 
8.65 
9.15 
9.40 
9.75 
9.50 
9.50 
9.50 
9.50 
9.50 
6.50 
9.50 


9.TiQ 
9.50 
9.50 
9.80 
10.25 
10.65 
11.20 
10.75 
10.50 
10.50 
10.50 
10.50 
10.50 
10.50 
10.50 
10.50 
10. 6U 
10.50 
10.50 
11.55 
12.35 
12.35 
11.70 
10.00 
10.00 
10.00 
10.00 
10.00 
10.00 
10.80 
10.60 


June. 

July. 

10.15 

7.80 

10.05 

7.90 

10.00 

7.96 

9.75 

7.60 

9.80 

7.60 

9.60 

7.50 

9.50 

7.50 

9.25 

7.40 

9.05 

7.60 

9.00 

7.70 

9.00 

7.80 

9.15 

7.55 

9.20 

7.85 

9.25 

7.60 

9.20 

7.55 

9.  to 

7.50 

9.00 

7.50 

8.95 

7.50 

9.00 

7.80 

8.90 

7.70 

8.70 

7.50 

8.55 

7.40 

8.40 

7.40 

8.20 

7.40 

8.15 

7.30 

8.00 

7.30 

7.85 

7.30 

8.40 

7.30 

8.00 

7.15 

7.85 

7.00 

6.80 

I 

Aug.  Sept. 


6.00 
6.60 
6>40 
6.30 
6.65 
6.90 
6.60 
6.95 
0.65 
6.26 
6.00 
6.00 
6.90 
5.90 
5.85 
5.70 
5.60 
5.30 
5.20 
5.85 
6.90 
5.85 
5.70 
5.60 
5.75 
5.70 
6.65 
5.66 
5.56 
5.35 
6.00 


6.00 
6.00 
6.10 
6.10 
7.60 
7.75 
7.10 
6.80 
6.35 
6.80 
6.40 
6.85 
8.30 
8.50 
7.75 
7.% 
7.50 
7.20 
7.05 
7.00 
6.80 
6.80 
6.80 
7.00 
7.70 
8.26 
8.16 
7.65 
7.35 
7.00 


Oct. 


7.00 
7.00 
6.00 
6.90 
8.45 
9.40 
8.55 
8.10 
8.25 
11.00 
9.15 
8.65 
8.40 
8.30 
8.20 
8.10 
8.00 
8.00 
8.00 
8  20 
8.30 
8.40 
8.30 
8.20 
8.20 
8.20 
8.20 
8.10 
8.10 
8.20 
8.20 


Nov. 

Dec. 

8.00 

7.90 

8.00 

7.80 

8.00 

7.70 

7.90 

7.70 

7.90 

7.70 

8.00 

7.80 

8.00 

7.90 

8.00 

7.70 

7.90 

7.70 

8.00 

7.70 

8.00 

7.70 

7.80 

7.70 

7.60 

7.70 

7.60 

7.70 

7.60 

7.80 

7.60 

7.80 

7.80 

7.70 

7.80 

7.70 

7.90 

7.70 

7.00 

7.70 

7.90 

7.70 

7.90 

7.70 

7.90 

7.70 

7.80 

7.70 

7.80 

7.70 

7.80 

7.70 

7.80 

7.70 

7.80 

7.70 

7.80 

7.70 

7.90 

7.70 

7.70 
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EL  PASO   STATION  ON  RIO   GRANDE. 

This  station,  as  described  in  the  Eighteenth  Annual  lleport,  Part 
IV,  page  259,  was  located  at  the  pumping  house  of  the  smelter  com- 
pany 3  miles  north  of  El  Paso,  Texas.  The  bed  of  the  stream  here  is 
composed  of  mud,  constantly  shifting  and  changing.  May  1, 1897,  the 
station  was  placed  under  the  charge  of  W.  W.  Follett,  consulting  engi- 
neer, International  (Water)  Boundary  Commission,  and  by  him  removed 
1  mile  farther  up  the  river  to  Courchesne's  limekiln.  *  The  river  heights 
are  measured  at  the  masonry  pump  foundation  pier  150  feet  above  the 
kiln.  The  top  of  the  downstream  chisel  draft  on  this  pier  was  assuinetl 
to  be  at  gage  height  15.0  feet,  and  the  distance  of  the  surface  of  the 
water  below  it  was  measured  with  a  carefully  graduated  rod.  The  left 
bank  of  the  river  is  formed  by  the  loose  rock  fill  of  the  Atchison,  Toi>eka 
and  Santa  Fe  Eailroad  embankment,  and  will  not  overflow.  The  right 
bank,  however,  is  not  so  good,  being  made  ground  and  subject  to 
overflow.  The  bottom  of  the  river  here  has  also  proven  anstable, 
scouring  on  a  rise  and  filling  on  a  falling  river.  It  is  i)robably  the 
best  site  for  a  station  in  the  vicinity  of  El  Paso,  however,  as  the  entire 
river  bed  is  constantly  shifting  for  many  miles  above  and  below.  On 
account  of  this  shifting  character  of  the  stream,  the  only  accurate 
method  of  estimating  the  daily  discharges  is  by  taking  a  large  number 
of  measurements,  which  was  done  in  1897  as  follows,  by  P.  E.  Ilarroau, 
W.  W.  Follett,  and  T.  M.  Courchesne : 


Date. 

Gage 
beiglit. 

Dis- 
charge. 

Date. 

Gage 
lieignt. 

Dis- 
charge. 

See.  ft. 

Date. 

Gag© 
;  height. 

DiV 
charfe. 

Feet. 

Sac.  ft. 

Feet. 

Feet. 

1 
Sec.jL 

Feb.  22... 

6.60 

195 

May  23.... 

13.40 

8,816 

Juno  21  . . 

■  10.00 

5,2?7 

Mar.  25... 

6.00 

52 

May  24.... 

13.70 

10,088 

June  23  . . 

9.60 

4,100 

Apr.  10... 

7.00 

242 

May  25.... 

14.10 

10,  421 

*June  25  .. 

8.90 

2,809 

May  4 . . . . 

11.40 

5,355 

May  26.... 

14. 35 

11,583 

Juno  26  .. 

8.40  ,2,474 

May  5 

11.35 

5,277 

June  4 

12.60 

10, 410 

Julyl.... 

10.40    r>,617 

May  7.... 

11.45 

5, 891 

June  7 

12.30 

9,448 

Julys.... 

9.60    3,931 

May  8.... 

11.95 

6,588 

June  11  ... 

10.70 

7,175 

JulyC 

8.30 

1,733 

May  11... 

12.50 

7,241 

June  12  - . . 

10.30 

5,228 

July  8.... 

7.60 

976 

May  12... 

11.85 

6,810 

Juno  14  . .. 

10.20 

4,980 

July  10... 

7.50 

1,0K) 

May  19... 

12.20 

7,407 

Juno  16  . . . 

10.10 

5,340 

July  16... 

7.90 

1,288 

May  21... 

12.40 

8,099 

June  18  . . . 

10.10 

5, 424 

July  17... 

7.60 

902 

May  22... 

12.80 

9,803 

June  19  . . . 

10.20 

5, 446 

July  19... 

7.50 

-J 

DRAINAGE  BASIN  OV  BIO  OBANDE. 
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Date. 


July  24. 
July  26. 
July  29. 
July  31. 
Aug.  2... 
Aug.  4.., 
Aug.  6... 
Aug.  9.. 
Ang.ll. 
Aug.  13. 
Aug.  14. 
Aug.  17. 
Aug.  19. 
Aug.  22. 
Sept.  10 
Sept  12 
Sept.  14 
Sept.  16 
Sept.  18 


Gage 
height. 

Dig. 
charge. 

JWI. 

See./L 

6.90 

716 

6.70 

508 

6.40 

385 

1 

6.20 

302 

6.10 

229 

5.80 

100 

5.70 

68 

5.60 

57 

5.50 

50 

5.90 

178 

5.80 

130 

5.50 

53 

7.00 

495 

6.40 

228 

6.50 

261 

6.65 

308 

7.20 

702 

9.05 

2,882 

8.60 

1,892 

Date. 

Gage 
height. 

Feet. 

Sept.  20... 

8.20 

Sept.  23... 

7.20 

Sept.  25... 

6.60 

Sept.  27... 

6.65 

Sept.  29... 

7.75 

Oct.2 

7.50 

Oct.  22.... 

8.55 

Oct.  25.... 

8.80 

Oct.  29 

8.80 

Nov.l 

8.90 

Nov.3 

8.60 

Nov.  6 

8.40 

Nov.  8 

8.30 

Nov.  10.... 

8.40 

Nov.  13 

8.40 

Nov.  15 

8.10 

Nov.  17 

7.90 

Nov.  19 

8.20 

Nov.  20.... 

8.10 

DU- 
charge. 


See./t. 
1,042 

555 

317 

347 

1,289 

599 

1,403 

1,463 

1,406 

1,654 

1,493 

1,332 

1,162 

1,215 

1,242 

1,006 

882 

1,248 

1,034 


Date. 


Nov.  22. 
Nov.  25. 
Nov.  27, 
Nov.  29. 
Deo.  1 . . 
Dec.  3.. 
Dec.  6 . . 
Dec.  8 . . 
Dec.  11 . 
Dec.  13 . 
Dec.  15 . 
Dec.  18 
Dec.  20 . 
Dec.  22 
Dec.  24. 
Dec.  27. 
Dec.  29 


Gage 
height. 

Feet, 

8.00 

8.00 

7.90 

8.10 

8.10 

7.80 

7.60 

7.50 

7.80 

7.30 

7.40 

7.80 

7.60 

7.00 

7.30 

7.40 

7.50 

Dis- 
charge. 


See. ft, 
1,033 
1,049 
999 
959 
886 
917 
645 
534 
678 
503 
582 
687 
657 
467 
541 
583 
616 


Daily  gage  height,  in  feet,  of  Bio  Grande  at  El  Paso,  Texas,  for  1897, 


Day. 

Jan. 

Feb. 

Mar. 

Aifr. 

May. 

Jane. 

July. 

Aug. 

Sept.    Oct. 

Nov. 

Deo. 

1 

6.60 
6.00 
6.70 
6.70 
6.76 
6.80 
7.20 
6.96 
6.65 
6.46 
6.45 
6.20 
6.20 
6.20 
6.20 
6.20 
7.50 
8.25 
8.00 
7.60 
7.85 
7.30 
7.20 
7.20 
7.30 
7.10 
7.00 
6.90 
6.76 
6.80 
6.80 

6.90 
6.90 
6.80 
6.80 
6.80 
6.80 
6.85 
6.80 
6.70 
6.75 
6.85 
6.86 
6.80 
6.80 
6.90 
6.85 
6.80 
6.80 
6.76 
6.70 
6.60 
6.60 
6.50 
6.50 
6.46 
6.50 
6.40 
6.86 

6.30 
6.30 
6.30 
6.20 
6.30 
6.16 
6.10 
6.00 
6.00 
5.90 
5.90 
5.80 
5.86 
6.86 
6.30 
6.20 
6.10 
6.06 
6.00 
6.00 
6.00 
6.86 
6.30 
6.20 
6.00 
6.85 
5.75 
5.76 
5.60 
5.80 
6.00 

6.06 

6.00 

6.90 

6.75 

7.80 

7.60 

7.06 

7.00 

7.00 

7.00 

7.00 

7.95 

8.50 

8.40 

8.80 

8.30 

8.50 

8.60 

8.60 

8.80 

9.05 

9.16 

9.80 

10.06 

10.16 

10.26 

10.45 

10.50 

10.45 

10.40 

all.  30 
11.40 
11.50 
11.40 
11.35 
11.40 
11.60 
12.00 
12.65 
13.40 
12.66 
11.76 
11.55 
11.70 
11.95 
12.05 
12.35 
12.35 
12.20 
12.10 
12.60 
13.80 
13.26 
13.80 
14.15 
14.45 
15.30 
14.20 
13.35 
12.90 
12.70 

12.70 

12.60 

12.80 

13.60 

13.55 

12.55 

13.25 

11.05 

11.70 

11.05 

10.65 

10.30 

10.25 

10.15 

9.90 

10.10 

10.10 

10.15 

10.15 

10.10 

10.06 

9.75 

9.55 

9.20 

8.80 

8.35 

8.20 

8.06 

8.05 

9.30 

10.30 
9.00 
9.00 
8.60 
8.20 
8.30 
7.70 
7.55 
7.30 
7.60 
8.40 
7.00 
7.00 
7.90 
7.95 
7.85 
7.55 
7.45 
7.50 
7.20 
6.00 
7.20 
7.70 
6.90 
6.75 
6.70 
7.30 
6.40 
6.30 
6.25 
6.30 

6.20 
6.10 
5.95 
5.80 
5.80 
5.70 
6.60 
5.60 
5.60 
5.60 
5.50 
6.40 
5.80 
5.80 
5.60 
5.70 
5.50 
6.50 
7.20 
6.80 
6.60 
6.40 
6.10 
5.00 
5.70 
5.50 

(f) 
(6) 
(b) 
(h) 
ib) 

(J) 
(b) 
(b) 
(b) 
6.10 
5.95 
5.90 
6.40 
6.10 
6.60 
6.60 
6.70 
7.05 
7.40 
7.30 
9.10 
8.90 
8.60 
8.70 
8.10 
7.90 
7.50 
7.20 
7.00 
6.70 
6.50 
6.70 
7.15 
7.85 
8.35 

7.85 
7.40 
7.00 
6.65 
6.45 
6.35 
6.16 
7.00 
10.15 
9.55 
9.46 
10.60 
11.15 
10.00 
9.20 
8.90 
8.65 
8.75 
8.70 
8.60 
8.60 
8.56 
8.60 
8.85 
8.80 
8.70 
8.70 
8.80 
8.80 
8.P0 
8.70 

8.90 
8.70 
8.60 
8.60 
8.46 
8.40 
8.40 
8.35 
8.40 
8.40 
8.40 
8.40 
8.40 
8.25 
8.10 
8.10 
7.95 
8.00 
8.15 
8.10 
8.15 
8.05 
8.10 
8.05 
7.95 
7.85 
7.95 
7.95 
8.10 
8.00 

8.10 
8.00 
8.00 
7.96 
7.86 
7.86 
7.70 
7.55 
7.70 
7.90 
8.00 
7:76 
7.35 
7.40 
7.35 
7.40 
7.40 
7.80 
7.76 
7.56 
7.25 
7.00 
7.20 
7.35 
7.50 
7.50 
7.40 
7.50 
7.00 
7.35 
7.20 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

28 

34 

26 

26 

27 

28 

29 

30 

81 

a  Location  of  gaging  station  changed. 

IBR16 3 


b  Ko  flow, 
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GRANGER  STATION   ON  BLACKS  FOBK. 

The  old  station^  described  in  the  Eighteenth  Annual  Beport,  Part 
IV,  page  270,  was  located  3  miles  west  of  Granger,  Wyomiug,  at  the 
Union  Pacific  railroad  bridge,  and  above  Hams  Fork.  On  April  28  the 
location  was  abandoued  and  the  station  was  removed  to  a  jioint  below 
Hams  Fork,  about  one-fourth  of  a  mile  below  Granger.  The  new  rod 
consists  of  a  horizontal  timber  4  by  4  inches  by  16  feet,  fastened  to 
two  upright  posts  6  feet  apart  and  set  firmly  in  the  bank  of  the  river 
above  high- water  mark.  One  end  of  this  horizontal  timber,  to  which 
the  wire  gage  is  fastened,  projects  out  over  the  water.  The  length  of 
the  gage  wire  is  13.35  feet.  The  distance  from  the  outside  edge  of  the 
puUey  to  the  zero  of  the  rod  is  2.45  feet.  The  bench  mark  is  a  rail 
spike  in  an  old  tie  24  feet  southwest  of  inside  x>ost  of  gage.  The  letters 
^^B.  M.''  are  marked  in  black  paint  on  the  tie.  The  elevation  of  the 
head  of  the  spike  above  datum  is  8.74  feet.  The  observer,  pump  man 
for  the  railroad,  is  J.  E.  Kirby.  Discharge  measurements  are  made 
from  a  cable  and  car  400  feet  below  the  rod.  The  following  are  those 
made  in  1897,  by  C.  T.  Johnston: 

May  7,  gage  height,  4.55  feet;  discharge,  3,724  second-feet. 
May  18,  gage  height,  4.60  feet;  discharge,  4,079  second-feet. 
May  26,  gage  height,  5.10  feet;  discharge,  4,976  second-feet. 
June  3,  gage  height,  3.60  feet;  discharge,  2,910  second-feet. 
June  10,  gage  height,  2.75  feet ;  discharge,  1,758  seoond-feet. 
June  15,  gage  height,  2.45  feet;  discharge,  1,432  second-feet. 
August  9,  gage  height,  0.40  foot;  discharge,  222  second-feet. 

Daily  gage  height,  in  feet,  of  Blacks  Fork  at  Granger,  Wyoming,  for  1897. 


Day. 

Jan. 

Fob. 

Har. 

Apr. 

3.00 
3.20 
2.90 
3.20 
3.20 
2.90 

03.80 
3.40 
3.20 
3.50 
5.50 
4.60 
4.20 
3.70 
3.50 
8.90 
4.20 
4.40 
4.60 
4.60 
4.50 
4.20 
3.60 
3.30 
3.30 
3.20 
3.50 

61.90 
2.30 
2.50 

! 

May.  June. 

July. 

Ang. 

Sept. 

Oct. 

Nov. 

1 

Doc. 

I 

2.80 
3.05 
3.20 
3.35 
3.70 
4.20 
4.55 
4.95 
5.10 
4.95 
4.60 
4.10 
3.85 
4.10 
4.2ft 
4.50 
4.55 
4.60 
4.50 
4.55 
5.05 
.5.30 
5.80 
5.00 
5.40 
4.95 
4.70 
4.35 
4.20 
4.20 
4.05 

4.00 
8.85 
8.50 
3.20 
2.90 
2.65 
2.50 
2.40 
2.50 
2.65 
2.70 
2.50 
2.30 
2.40 
2.30 
2.25 
2.05 
2.05 
1.75 
1.60 
1.45 
1.40 
1.40 
1.30 
1.20 
1.20 
1.10 
1.05 
1.10 
1.10 

1.00 
1.00 
1.05 
1.20 
1.15 
1.05 
.06 
.90 
.85 
.80 
.70 
.70 
.00 
.60 
.60 
.60 
.60 
.60 
.80 
.55 
.50 
.50 
.50 
.50 
.40 
.40 
.35 
.30 
.30 
.20 
.20 

0.20 
.20 
.90 
.30 
.30 
.30 
.86 
.40 
.40 
.40 
.40 
.40 
.85 
.80 
.30 
.80 
.20 
.20 
.10 
.10 
.10 
.10 
.10 
.05 
.00 
.00 
.00 
.00 
.00 
.00 
.00 

—0.10 

—  .10 

—  .10 

—  .10 
+  .65 

.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.10 
.10 
.20 
.30 
.30 
.30 
.25 
.20 
.20 
.20 
.20 
.20 
.25 
.35 
.40 
.50 
.50 

0.66 
1.50 

...J 

2 

2.90 

3 

4 

0.80 

5 

0 

2.90 

2.90 

7 

0.60 

8 

0 

2.90 

..••••,...... 

.90 

10 

11 

L» 

12 

13 

2.00 

2.00 

.60 

14 

15 

16 

2.00 

.80 

17 

18 

t 

19 

2.90 

LW 

20 

2.00 

.50 

21 

22 

23 

2.90 

.60 

.1 

24 

25 

1.1« 

28 

27 

2.90 

2.90 

*; 1 

28 

A   »  M  M   •   « 

: 1 

29 

::::.. i 

30 

2.90 

! 

31 

.' 

1 
1 

1 

a  New  wire  j^age. 

b  Station  muve<l  to  one-fourth  mile  below  Granger,  Wyoming. 
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aREJIOfiltlTEB  STATION  ON  0BBEN  BIYER. 

Thin  sftatmiy  d6s<»ibed  iu  the  Eighteenth  Anuaal  Eeport^  Part  lY, 
^ge  272,  i»  located  at  Greenriver,  WyomiBg.  The  rod  is  fastened  to 
L  old  pile  near  the  east  end  of  the  bridge  at  the  pump  honse  of  the 
rboad  company.  The  pampamn  in  charge,  William  Slater,  is  the 
iserver.  The  bench  mark  consists  of  a  cross  on  the  third  step  from 
e  bottom  on  the  sooth  end  of  east  abntment,  and  is  12.48  feet  above 
(tnm.  The  section  under  the  railroad  bridge  is  poor,  and  dischiu'ge 
sasarements  are  made  ftottk  the  new  iron  highway  bridge  one-half 
Je  below.  The  channel  here  is  straight  for  some  distance  above  and 
low.  The  banks  are  mediam  high,  and  the  bed  is  composed  of  small 
bblestones  and  gravel,  being  quite  x>ermanent  in  character.  The 
(lowing  discharge  measmrettients  were  made  by  Gyrus  G.  Babb  and 
T.  Johnston  in  1897 : 

ipiil  27,  gage  height,  1.85  feet;  dischargfl,  1,820  seeond^feet. 
If  ay  7;  gage  height,  3.30  feet;  disehaige,  6,970  second- feet. 
If  ay  18,  gage  height,  4.00  feet :  discharge,  9,325  second- feet, 
if  ay  26,  gage  height,  5.35  feet;  discharge,  15,318  scCond-feet. 
ftme  3,  gage  height,  5.10  feet;  discharge,  14,896  second-feet. 
Fane  10,  gskge  height,  3.45  feet;  dischftrge,  6,10i  Second- foet. 
Fane  15,  gage  height,  3.60  feet;  discharge,  7,094  second-feet, 
itrgiist  9,  gage  height,  2.00  feeit;  dischafge,  2,081  second-feet. 

Daihf  0iE^9  height,  in  feet,  of  Green  Biver  at  Greenriver,  Wyoming,  fw  1897. 


Day. 

Jau. 

Feb. 

Mar. 

Apr. 

May. 

Jane. 

July. 

Ang. 

8ept. 

Oct. 

Nor. 

1         , 

1.88 
1.75 
1.55 
1.50 
1.58 
1.52 
1.50 
1.52 
1.48 
1.45 
1.55 
1.72 
1.78 
1.05 
2.00 
2.05 
2.15 
2.30 
2.25 
2.35 
2.40 
2.50 
2.40 
1.85 
1.78 
L80 
1.86 
2.05 
2.22 
2.36 

2.35 
2.50 
2.55 
2.72 
2.85 
3.15 
3.82 
3.45 
3.68 
8.65 
3.58 
3.50 
3.38 
3.38 
3.50 
3.68 
3.88 
4.02 
4. 10 
4.25 
4.62 
5.30 
5.85 
5.58 
5.42 
5.82 
5.28 
5.15 
4. 88 
4.60 
4.62 

4.80 
4.02 
5.08 
4.80 
4.40 
4.12 
3.82 
8.55 
3.48 
3.58 
3.68 
3.72 
3.65 
3.65 
3.68 
3.75 
3.75 
3.80 
8.75 
8.55 
3.35 
3.12 
3.05 
3.00 
2.08 
3.02 
3.00 
3.00 
3.00 
2.86 

2.85 
2.75 
2.75 
2.85 

aoo 

2.02 
2.75 
2.65 
2.58 
2.50 
2.50 
2.50 
2.45 
2.40 
2.32 
2.30 
8.25 
2.30 
2.25 
2.25 
2.22 
2.18 
,2.12 
2.10 
2.02 
1.88 
1.86 
1.00 
1.80 
1.85 
1.80 

1.85 
1.85 
2.02 
2.25 
2.22 
2.18 
2.08 
2.10 
2.02 
2.10 
2.05 
1.08 
1.88 
1.82 
1.80 
1.80 
1.75 
1.68 
1.58 
1.60 
1.45 
1.40 
1.40 
1.35 
1.32 
1.28 
1.25 
1.20 
1.20 
1.15 
1.12 

1.10 

1.05 

1.00 

0.86 

.85 

.85 

1.00 

1.00 

.05 

1.00 

1.00 

1.00 

1.00 

.85 

.05 

.85 

.00 

.00 

.80 

.00 

.00 

.00 

.80 

.00 

.80 

.85 

.05 

.85 

1.00 

1.00 



1.00 
1.32 

1.25 
"i.*25" 

2       

% 

4 

1.80 

5  

2.20 
2.20 

2.  IS 
2.15 

1.20 

e 

7 

8 

9   

1.80 
1.80 

1.20 

10 

i.'ii* 
'i.'io' 

1.20 

"i.'io" 

11 

IS 

1.80 

2.10 
2.10 

2.15 

"i'ii" 

18 

u 

15        

1.25 

1.20 

18 

1.80 

17            

i.ao' 

1.20 

"i.'is" 

18 

1.80 

2.10 

2.*  is* 

2.16 

19   

ao 

2.10 

ti        ^ 

22            

1.80 

1.20 

23        

24            

1.80 

25 

1.25 

*  *  *  * 

26 

2.15 
2.16 

2.40 
2.40 

27 

1.30 

28            

28 

80           t 

2.00 
2.00 

1.30 

........ 

31 

.•..•■a. 
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BLAKE  STATION  ON  GREEN  RIYER. 

Thi»  station,  described  in  the  Eighteenth  Annual  Beport,  Part  lY, 
page  275,  is  located  at  the  crossing  of  the  Bio  Grande  Western  Bail- 
road  at  Blake,  Utah.  The  elevation  of  the  top  of  the  pier,  to  which 
the  old  vertical  rod  is  attached,  is  22.00  feet  above  the  rod  datum.  The 
rod  of  the  wire  gage  is  nailed  to  the  guard  rail  on  the  lower  side  of  the 
bridge.  The  distance  from  the  end  of  the  rod  to  the  outside  edge  of 
the  pulley  wheel  is  1  foot;  from  the  end  of  the  weight  to  the  wire  index 
marker,  27.67  feet.  The  observer  is  Fr^nk  Jacobs,  rancher.  The  sec- 
tion at  this  point  is  good,  the  channel  being  straight  for  some  distance 
above  and  below.  The  bed  is  gravelly.  The  initial  point  for  soundings 
is  on  the  right  bank.  The  following  discharge  measurements  were 
made  in  1897  by  Cyrus  C.  Babb  and  W.  B.  Dougall: 

April  2lf  gage  beight,  4.88  feet;  discharge,  8,175  second-feet. 
May  22,  gage  height,  10.10  feet;  discharge,  55,886  second-feet. 
November  22,  gage  height,  2.80  feet;  discharge,  3,373  second-feot. 

Daily  gage  height,  in  feet,  of  Green  Biver  at  Blake,  Utah,  for  1837. 


Day. 


1 

2 

3 

4 

6.... 

6 

7 

8 

9 

10 

11 

12 

13 

U 

16 

16..... 
17 

18..:. 

19 

20 

21 

22 

23 

24 

25 

26 

27 

28.... 
29 

ao 

31 


Jan. 


1.70 


1.70 


1.80 


Feb. 


1.80 


1.00 


1.60 


1.60 


1.90 


1.95 


Mar. 


2.00 


2.00 


2.10 


2.90 


Apr. 


8.70 
3.70 
3.60 
8.76 
3.65 
3.60 
3.60 
3.60 
3.70 
3.65 
8.55 
3.70 
3.95 
4.15 
4.35 
4.60 
4.60 
4.60 
4.75 
6.60 
5.45 
6.16 
6.80 
6.80 
5.70 
6.70 
5.95 
6.30 


Hay. 


6.76 

7.05 

7.40 

7.80 

8.25 

8.70 

8.90 

9.05 

9.25 

9.45 

9.65 

9.90 

9.95 

9.86 

9.25 

9.15 

9.36 

9.55 

9.76 

9.96 

10.06 

10.06 

10.05 

10.25 

10.60 

11.00 

11.26 

11.35 

11.40 

11.16 

10.96 


Jane. 


10.66 
10.26 
10.20 
10.00 
10.00 
9.95 
9.16 
8.60 
8.20 
7.90 
7.60 
7.50 
7.80 
7.70 
7.80 
7.70 
7.60 
7.50 
7.86 
7.25 
7.10 
6.96 
6.76 
6.66 
6.36 
6.26 
6.16 
6.35 
5.95 
5.76 


July. 


5.66 
6.36 
6.16 
6.16 
5.25 
6.20 
6.00 
4.90 
4.80 
4.70 
4.60 
4.60 
4.40 
4.80 
4.20 
4.10 
4.10 
4.10 
4.00 
4.00 
3.90 
3.90 
8.80 
3.80 
3.80 
8.70 
3.60 
3.50 
3.50 
3.60 
3.40 


Aug. 


8.80 
3.30 
3.20 
3.10 
3.20 
8.30 
3.40 
3.50 
3.50 
8.40 
3.40 
3.40 
8.45 
3.60 
3.60 
3.40 
3.30 
3.16 
8.05 
2.90 
2.85 
2.70 
2.70 
2.60 
2.00 
2.60 
2.60 
2.40 
2.40 
2.40 
2.40 


Sept. 


2.80 
2.20 
2.20 
2.86 
2.20 
2.86 
2.40 
2.66 
2.70 
2.86 
3.25 
4.70 
4.70 
6.30 
3.70 
3.40 
3.30 
2.90 
2.80 
2.80 
2.70 
2.60 
2.60 
2.60 
2.60 
2.60 
2.66 
2.86 
8.05 
3.36 


Oot. 


3.96 
4.50 
4.60 
4.60 
4.30 
4.16 
4.06 
4.36 
4.65 
4.86 
4.76 
4.60 
4.60 
4.36 
4.10 
3.85 
3.80 
3.70 
3.70 
3.60 
3.60 
8.60 
3.60 
3.40 
3.60 
8.56 
8.45 
3.40 
3.40 
3.30 
3.20 


Nov. 


3.20 

3.20 

3.16 

3.10 

3.10 

3.00 

3.00 

8.00 

2.90 

2.90 

2.90 

2.80 

2.80 

2.80 

2.80 

3.80 

2.80 

2.80 

2.80 

2.80 

2.80 

2.80 

2.80 

2.80 

2.80 

2.80 

2.80 

2.60 

2.80 

2.70 


Dec 


160 

3.  SO 

3.40 

2.» 

2.20 

110 

100 

l.» 

1.W 

1.90 

1.90 

1.80 

1.80 

1.70 

1.70 

1.00 

1.50 

1.40 

1.40 

1.30 

1.40 

LSO 

].» 

L» 

I.M 

i.ao 

1.80 
1.2S 
1.8S 
1.40 
L30 
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SHOSHONE  STATION  ON  GRAND  BIYER. 

This  station  is  located  at  Shoshone,  or  Gypsnm  post-office,  Colorado, 
on  the  line  of  Denver  and  Bio  Grande  Railroad,  10  miles  east  of  Glen- 
wood  Springs,  Colorado.  The  rod  is  a  vertical  3  by  6  inch  wooden 
timber  set  3  or  4  feet  into  rock  and  well  braced.  Observations  are 
tsiken  by  the  station  agent,  George  Euark,  under  the  direction  of  the 
division  saperintendent  of  the  railroad  company.  No  discharge  meas- 
urements were  made  at  this  point  in  1897. 

Daily  gage  height,  in  feeif  of  Grand  Biver  at  ShoahonSf  Colorado,  for  1897. 


Day. 


1 
2 

a 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 


May. 

June. 

July. 

ii 
Aug. 

4.10 

13.40 

6.56 

1.55 

5.15 

13.35 

6.60 

1.55 

5.70 

12.50 

7.00 

1.90 

8.95 

10.25 

6.90 

2.50 

7.15 

9.50 

6.50 

2.70 

8.20 

8.50 

5.35 

2.95 

8.90 

8.30 

4.85 

2.55 

9.90 

7.55 

5.00 

2.00 

10.10 

8.20 

6.00 

2.05 

9.95 

9.55 

6.70 

1.05 

9.45 

10.00 

5.70 

1.55 

8.75 

10.66 

5.35 

1.20 

8.60 

11.40 

4.70 

1.10 

9.90 

11.60 

4.45 

1.10 

0.35 

11.55 

4.40 

1.00 

10.05 

11.85 

4.85 

.90 

Day. 


17 
18 
10 
20 
21 
22 
23 
24 
25 
28 
27 
28 
29 
30 
31 


limy. 


10.35 
10.90 
11.05 
11.10 
11.45 
11.00 
11.75 
12.65 
13.35 
13.20 
13.00 
12.85 
12.95 
13.25 
13.80 


Jane. 


11.40 
10.25 
9.35 
9.25 
9.50 
9.85 
9.95 
9.55 
8.85 
8.60 
9.00 
8.60 
7.55 
7.05 


July. 


4.00 
4.00 
3.60 
8.50 
3.00 
2.45 
2.50 
2.40 
2.60 
2.60 
2.25 
2.20 
1.75 
1.80 
1.60 


Aug. 


a) 
a) 
a) 
a) 
at 
a) 
a) 
a) 
a) 
a) 
a) 

a) 
a) 
a) 
a) 


a  Below  gage. 
GRAND  JUNCTION  STATION  ON   GRAND  BIVEB. 

This  station,  described  in  the  Eighteenth  Annual  Report,  Part  IV, 
page  260,  is  located  at  the  wagon  bridge  across  the  Grand  Eiver,  near 
the  pamp  house  of  the  city  waterworks,  Grand  Junction,  Colorado. 
The  river  at  tbis  point  discharges  throagh  two  channels.  Gage  rod 
No.  1  consists  of  a  vertical  4  by  6  inch  timber,  with  1  by  6  inch  scale, 
bolted  to  the  bridge  abutment  on  right-hand  side  of  the  right  channel. 
The  12-foot  mark  is  on  a  level  with  the  top  of  the  bridge  abutment. 
The  banks  of  the  right  channel  are  both  liable  to  overflow  at  very  high 
water;  the  bed  is  of  sand,  and  the  current  very  sluggish.  The  horizon- 
tal wire  gage  No.  2  is  fastened  to  the  upper  side  of  the  bridge  over  the 
left  channel  between  marks  595  and  605  feet.  The  distance  from  the 
end  of  the  weight  to  outer  end  of  snap  is  31.80  feet.  The  bench  mark 
is  a  cross  on  iron  post  of  bridge  at  592  foot  mark,  and  is  31.0  feet  above 
datum.  The  right  bank  of  the  left  channel  is  low  and  liable  to  over- 
flow, the  left  is  high  and  rocky;  the  bed  is  sandy;  the  water  is  deep 
and  moves  with  considerable  velocity.  At  high  water  it  becomes 
necessary  to  guy  the  meter  to  a  wire  stretched  across  the  channel 
above  the  bridge  to  prevent  it  from  being  swept  down  stream  by  the 
swift  current.*  The  observer  is  B.  W.  Vedder,  engineer  at  the  pumping 
station.  The  following  measurements  were  made  in  1897  by  O.  G.  Babb 
and  F.  Cogswell  in  Channel  No.  1 : 

April  20,  g^age  height,  1.75  feet;  discharge,  1,157  second-feet. 
May  is,  gage  height,  4.80  feet ;  discharge,  10,927  second-feet. 
Jnly  29  to  November  23  the  channel  was  dry. 
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The  following  measarements  were  made  in  OhanDel  ISo,  2: 

April  20;  gftge  beight,  5.60  feet;  discharge;  4,010  seoond-feet. 
May  19;  gage  height;  10.20  feet;  discharge,  21,759  seoond-feet. 
July  29;  gage  height,  5.35  £oet;  discharge,  4^,044  second-feet. 
Septemher  29,  gage  height,  4.05  feet;  discharge;  2,062  second-feet. 
October  28;  gage  height,  3.98  feet;  discharge,  1,764  second- feet. 
November  23,  gage  height,  3.90  feet ;  discharge,  1,423  seoond-fect. 

Daily  gage  height,  in  feeif  of  Grand  Biver  ai  Gage  No,  i.  Grand  */tiiiclieii,  CoUtrftdOfJv 

1897. 


Bay. 


1 
2 
3 
4 
5 
8 
7 
8 
0 
10 

11 

12 
18 
U 
15 

16 


Apr. 

May. 

June. 

July. 

0.00 

2.60 

6.10 

1.45 

.00 

2.90 

5.25 

1.26 

.00 

3.25 

4.65 

1.36 

.00 

8.50 

3.75 

1.66 

.00 

3.80 

2.85 

1.50 

.00 

4.15 

2.50 

.ao 

.00 

4.35 

2.35 

.65 

.00 

4.70 

2.20 

.70 

.00 

4.00 

2.16 

.90 

.00 

4.76 

2.80 

1.15 

.00 

4.50 

3.05 

1.05 

.00 

4.35 

3.40 

1.00 

.00 

4.30 

8.70 

.60 

.00 

4.35 

4.00 

.15 

.50 

4.40 

4.10 

.00 

.70 

4.45 

4.00 

.00 

Day. 


17. 
18. 
19. 
20. 
21. 
22. 
23. 
24. 
25. 
26. 
27. 
28. 
29. 
30. 
31. 


Apr. 

May. 

June. 

July. 

1.00 

4.65 

S.80 

.00 

1.25 

4.70 

8.40 

.00 

1.65 

4.96 

2.86 

.00 

1.80 

4.76 

S.65 

.00 

1.85 

4.60 

2.66 

.00 

1.76 

4.80 

2.76 

.00 

1.60 

4.85 

2.86 

.00 

1.46 

6.10 

2.75 

.00 

1.50 

5.35 

2.40 

.00 

2!  15 

5.80 

2.10 

6.25 

2.15 

2.40 

6.60 

2.16 

2.40 

4.90 

1.00 

2.AI^ 

6.10 

1.65 

6.10 

a  Dry  for  re«t  of  year. 

Daily  gage  height,  in  feet,  of  Chrand  Biver  at  Oage  No.  f,  Chrand  JmnaHan,  Colorado,  for 

1897. 


Day. 


1 , 

2 

3 

4 , 

5 

'6 

7 

8 

0 

10 

12 

13 

14 , 

15 

16 

17 

18 , 

19 

20 

22 

23 

24 , 

26 

20 

27 

28 

29 

flfl 

81 


Jan. 


t.80 


.00 
.00' 


8.00 
'3.' 16' 


2.90 
'8.00 


.00 

.06 


Feb. 


3.00 
8."i6 


3.00 
8.16' 


3.10 


3.20 


3.10 
8.06' 


Mar. 


8.30 


8.20 


3.20 


8.10 


3.40 


3.6U 


3.00 
4.'£0' 


Apr. 


3.50 
3.60 
3.60 
8.40 
3.45 
3.60 
3.75 
3.65 
3.60 
3.60 
3.60 
8.70 
8.60 
3.80 
3.90 
4.10 
4.56 
4.86 
5.25 
5.50 
5.65 
5.55 
5.40 
5.15 
5.20 
5.45 
6.15 
6.45 
6.60 
6.56 


May. 


June. 


6.75 

7.20 

7.65 

7.00 

8.20 

8.65 

8.75 

9.10 

9.46 

9.26 

0.00 

8.90 

8.70 

8.86 

8.90 

8.95 

9.10 

9.20 

10.20 

10.10 

10.00 

10.20 

10.25 

10.50 

10.70 

10.60 

lO.fiO 

10.20 

10.10 

10.20 

10.86 


10.80 

10.56 

10.10 

9.30 

8.40 

9.85 

9.15 

9.00 

8.95 

9.40 

9.75 

9.90 

10.00 

10.80 

10.35 

10.25 

9.95 

9.75 

9.40 

9.25 

9.20 

9.25 

9.85 

9.25 

9.00 

8.85 

9.09 

8.85 

8.60 

8.20 


July. 


7.95 
7.75 
7.85 
8.16 
8.06 
7.45 
7.15 
7.15 
7.45 
7.70 
7.76 
7.45 
7.05 
6.76 
6.65 
6.60 
6.90 
6.46 
6.40 
6.80 
6.15 
6.95 
6.76 
6.70 
6.60 
6.60 
6.60 
5.55 
6.86 
6.26 
6.10 


Aug. 


5.10 
6.16 
5.66 
6.75 
5.80 
5.90 
6.86 
6.60 
5.40 
6.40 
6.80 
6.16 
4.95 
4.90 
4.90 
4.75 
4.60 
4.65 
4.40 
4.30 
4.30 
4.20 
4.10 
4.10 
4.06 
4.00 
4.00 
4.00 
4.00 
4.00 
4.00 


Sept. 


4.00 
4.00 
4.00 
4.00 
4.00 
8.90 
8.90 
4.10 
4.10 
4.00 
4.20 
4.20 
4.25 
4.70 
4.46 
4.25 
4.10 
4.00 
4.00 
4.00 
4.00 
4.00 

3.W 
3.80 
3.96 
4.00 
4.00 
4.00 
4.00 


Oct. 


4.00 
4.00 
4.60 
4.00 
4.10 
4.00 
4.20 
4.10 
4.20 
4.80 
4.20 
4.15 
4.10 
4.10 
4.10 
4.10 
4.60 
4.86 
4.16 
4.10 
4.011 
4.00 
4.00 
4.00 
.4.^0 
4.10 
4.00 
4.00 
%9D 
3.80 
8.80 


Not. 


3.86 
8.80 
8.90 
8.90 
8.90 
4.06 
4.10 
4.10 
4.05 
4.00 
3.85 
3.80 
3.96 
4.10 
4.10 
4.00 
3.90 
8.80 
8.80 
8.80 
8.95 
8.90 
3.90 
8.90 
4.10 
4.00 
8190 
3.80 
8466 
3.75 


D«e. 


8.00 

1. 00 
IM 
3.71 


3.80 


3.80 


3.00 


S.70 


S.70 
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FQBT  OBAWFaSD  STATION  ON  UNOOMPAHGhBIB  BIlHiiS. 

This  station,  described  in  the  Eighteenth  Annual  Beport,  Part  lYj 
[)age  265y  is  located  about  one-half  mile  east  of  the  depot  at  Fort  Graw- 
ford,  Colorado,  at  a  wagon  bridge,  and  is  about  $  miles  above  ]M[pnti:ose. 
The  gage  consists  of  an  inclined  4  by  4  inch  timber,  bolted  to  t^  bridge 
[>ent  on  the  right-hand  side  of  the  stream.  The  bench  mark  consists 
)f  a  spike  driven  in  the  base  pf  a  cotton  wood  post,  and  is  9.13  feet 
ibove  zero.  Both  banks  are  low  and  liable  to  overflow  at  high  water, 
ind  the  bed  of  the  stream  is  comi)osed  of  sand  and  gravel.  The 
>bserver  is  Mrs.  F.  Humphrey;  post-office,  Uncompaligre,  Oolorado. 
rho  following  discharge  measurements  were  made  during  1897  by  F. 
[)ogswell. 

April  18,  gage  height,  3.90  feet ;  discharge,  487  second-feet. 
May  10,  gage  height,  4.55  feet ;  discharge,  884  second-feet. 
Jane  21,  gage  height,  5.05  feet;  discharge,  1,081  second- feet. 
July  19,  gage  height,  4.50  feet;  discharge,  473  second-feet. 
Angast  23,  gage  height,  3.45  feet;  discharge,  70  second-feet. 
September  20,  gage  height,  3.85  feet ;  discharge,  153  second-feet. 
October  18,  gage  height,  4.00  feet;  discharge,  195  second-feet. 

Dailif  gage  height,  in  feet,  of  Unoampahgre  River  at  Fort  Crawford,  Colorado,  for  1897, 


Day. 

Apr. 

May. 

June. 

July. 

Aug. 

Sept. 

Oct. 

Nov. 

1 

3.15 
3.]5 
2.95 
3.05 
8.20 
3.20 
3.30 
3.28 
8.25 
3.25 
3.25 
3.80 
8.32 
3.60 
8.60 
8.80 
3.90 
4.10 
4.20 
4.05 
8.95 
3.75 
3.00 
3.65 
4.10 
4.00 
4.15 
4.30 
4.30 
4.40 

4.05 
4.15 
4.25 
4.40 
4.40 
4.50 
4.60 
4.45 
4.40 
4.45 
4.20 
4.45 
4.30 
4.25 
4.35 
4.20 
4.15 
4.45 
4.40 
4.40 
4.5f) 
4.35 
4.45 
4.65 
4.55 
4.85 
4.90 
4.20 
5.00 
5.00 
4.95 

4.50 
4.40 
4.05 
3.95 
4.05 
4.00 
4.10 
4.65 
5.00 
5.00 
4.85 
4.80 
5.10 
5.30 
5.40 
5.35 
5.05 
5.05 
4.90 
4.95 
5.00 
5.15 
5.40 
5.20 
5.05 
5.15 
5.00 
4. 55 
4.90 
5.00 

4.50 
4.60 
5.35 
4.70 
4.65 
4.65 
4.70 
4.85 
4.95 
4.85 
4.70 
4.65 
4.65 
4.60 
4.65 
4.50 
4.45 
4.60 
4.45 
4.10 
4.30 
4.45 
4.45 
4.35 
4.45 
4.15 
4.15 
4.25 
3.85 
4.00 
4.00 

4.00 
4.20 
4.10 
8.95 
4.15 
4.05 
4.20 
4.00 
4.00 
3.85 
3.05 
4.00 
3.85 
3.80 
3.85 
8.85 
3.75 
3.60 
8.60 
3.55 
3.50 
3.50 
3.45 
3.45 
3.40 
3.40 
3.85 
3.35 
3.40 
3.40 
3.40 

3.85 
3.40 
3.40 
3.40 
3.45 
8.45 
3.55 
8.40 
8.60 
3.45 
3.40 
3.55 
3.85 
4.10 
4.05 
4.05 
8.85 
8.80 
3.86 
8.90 
4.05 
4.00 
3.96 
4.00 
3.95 
.4.15 
4.15 
3.95 
4.05 
4.20 

4.35 
4.15 
4.05 
4.00 
4. 00 
4.15 
4.15 
4.15 
4.05 
4.06 
4.05 
4.00 
4.00 
4.05 
4.20 
4.05 
4.00 
4.00 
4.10 
4.00 
4.00 
3.90 
3.80 
3.90 
8.90 
4.00 
3.86 
3.85 
3.85 
3.90 
8.90 

3.95 
3.00 
3.90 
3.90 
8.90 
3.85 
8.85 
3.80 
8.80 
3.70 
3.65 
8.70 
3.75 
3.70 
3.75 
3.80 
3.65 
3.76 
8.70 
3.65 
3.60 
3.60 
3.65 
8.65 
3.60 
3.65 
8.65 

2 

3 

4 

6 

6. 

7 

8 

9 

10 

11 

12 

13 

14 

16 

16 

17 

18 

19 

'JO 

21 

22 

23 

24 

25 

26 

27 

28 

28 

30 

31 
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ROUBIDEAU  AND  WHITEWATER  STATIONS   ON  GUNNISON  RIYEE. 

Gage  heights  at  these  stations  are  reported  daily  by  telegraph  to  the 
division  superintendent  of  the  Denver  and  Bio  Grande  Railroad  Com- 
pany at  Salida,  Colorado,  who  has  kindly  fdrnished  this  office  with 
copies  of  same. 

Eoabideaa  station  is  at  the  railroad  bridge  at  Eonbidean,  Colorado, 
6  miles  west  of  Delta.    The  observer  is  M.  J.  Johnston,  track  foreman. 

Whitewater  station  is  located  13  miles  southeast  of  Grand  Junction 
at  Whitewater,  Colorado.  The  gage  is  a  vertical  rod  graduated  to  feet 
and  halves  and  securely  fastened  on  the  right  bank  of  the  river.  The 
observer  is  James  Page,  station  agent.  Fo  measurements  of  discharge 
have  been  made  at  these  stations. 


Daily  gage  height,  in  feet,  of  Ounnison  Biver  at  Roubideau,  Colorado,  for  1897. 


Day. 

1.. 

May. 

June. 

Jnly. 

Ang. 

Day. 

May.  Jane. 

1 

Jnly. 

Aug. 
0.16 

Day. 

May. 

Jane. 

Jnly. 

Aug. 

i 

3.75 

4.65 

1.60 

0.15 

12... 

4.50 

3.60 

1.25 

28... 

4.50 

2.85 

0.50 

2.. 

4.25 

5.15 

1.50 

.15 

13... 

4.75 

3.85 

1.16 

.15 

24... 

4.75 

2.86 

.50 

3.. 

4.60 

4.50 

1.76 

.15 

14... 

4.75 

4.26 

1.16 

.15 

25... 

6.00 

2.76 

.26 

4.. 

4.00 

3.75 

1.75 

.15 

15... 

4.85 

4.00 

1.00 

.15 

26... 

4.90 

2.25 

.26 

6.. 

4.50 

3.25 

1.50 

.15 

16... 

4.75 

4.00 

.86 

.15 

27... 

4.86 

2.35 

.26 

6.. 

5.25 

2.85 

1.35 

.15 

17... 

4.50     8.75 

.85 

.15 

28... 

4.75 

2.85 

.15 

7.. 

5.60 

2.76 

1.25 

.15 

18... 

4. 40     3. 25 

.85 

.15 

'29... 

4.40 

2.00 

.25 

(')   1 

8.. 

6.75 

2.85 

1.25 

.15 

19... 

4.00  ;  2.75 

.85 

.15 

90... 

4.60 

1.76 

.50 

9.. 

5.75 

8.00 

1.25 

.15 

20... 

4.60 

2.65 

.66 

(a) 

31... 

4.50 

.15 

10.. 

5.50 

8.50 

1.25 

.15 

21... 

4.40 

2.85 

.66 

(a) 

11.. 

5.00 

8.60 

1.25 

.15 

22... 

4.35 

2.76 

.50 

(a) 

a  Below  gage. 
Daily  gage  height,  in  feet,  of  Gunnison  Biver  at  Whitewater,  Colorado,  for  JS97. 


Day. 

May. 

Jane.     Jnly. 

1 

1    Day. 

May. 

June. 

Jnly. 

Day. 

May.    June. 

Joly. 

1.... 

2.... 

3. ... 

4.... 

6.... 

6.... 

7.... 

8.... 

9.... 
10.... 
U.... 

4.40 
4.60 
4.85 
4.65 
4.00 
5.60 
5.00 
6.35 
6.25 
6.10 
5.76 

5.35 
6.75 
5.26 
4.50 
3.85 
3.60 
8.35 
3.15 
3.40 
3.75 
4.00 

1.00 

1.00 

1.00 

1.00 

.65 

.65 

.50 

.40 

.85 

.85 

(a) 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

5.50 
5.60 
6.65 
5.60 
5.50 
5.40 
6.15 
5.35 
6.35 
5.00 
6.00 

4.00 
4.15 
4.35 
4.36 
4.85 
4.40 
3.75 
3.80 
3.00 
3.00 
8.00 

(a) 

(«) 
(a) 

(a) 
(a) 
(a) 
(a) 
(«> 
(«) 
(a) 
(a) 

23 

24 

85 

26 

27 

28 

29 

30 

31 

6.00 
6.26 
5.60 
6.60 
6.50 
6.50 
6.16 
6.16 
6.35 

3.00 
3.00 
S.00 
2.75 
2.85 
2.56 
2.50 
1.60 

a  Below  gage. 
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GRAND  JT7NGTION  STATION  ON  GUNNISON  RIVBR. 

station  is  located  at  the  iron  highway  bridge  1.5  miles  from  the 
f  Grand  Junction,  Colorado.  The  gage  is  vertical  and  consists 
>y  6  inch  timber  bolted  to  the  stone  pier  of  the  bridge.  The  top 
capstone  is  17.60  feet  above  gage  datum.  The  channel  above 
tion  is  curved,  but  below  it  is  nearly  straight.  The  right  bank 
Mid  liable  to  overflow,  but  the  left  is  high  and  rocky  with  still 
at  low  stages.  The  observer  is  A.  Lindquist,  engiueman  at  the 
r  and  Sio  Grande  Bailroad  Company's  pump  house.  The  follow- 
charg^  measurements  were  made  in  1897  by  Cyrus  C.  Babb  and 
swell: 

20,  gt^e  height,  4.60  feet;  discharge,  5,975  second-feet. 
0,  gage  heiicht,  7.30  feet;  discharge,  16,644  seoond-feet. 
S,  gage  height,  2.65  feet;  discharge,  1,814  second-feet, 
nber  28,  gage  height,  2.40  feet;  discharge,  1,246  seoond-feet. 
sr  27,  gage  height,  2.50  feet;  discharge,  1,270  second-feet, 
iber  23,  gage  height,  2.30  feet;  discharge,  828  seoond-feet. 

yage  height,  infeety  of  €ha,nni9on  Biver  at  Grand  Junction,  Colorado,  for  1897. 


Day. 

May. 

Jnne. 

July. 

Aug. 

Sept. 

Got. 

Nov. 

Deo. 

7.60 
7.90 
7.80 
6.70 
6.90 
6.70 
6.50 
6.40 
6.60 
8.00 
0.40 
0.60 
6.40 
0.70 
6.70 
6.70 
6.60 
0.00 
6.60 
6.40 
6.40 
6.40 
6.60 
6.60 
6.80 
6.20 
6.00 
4.90 
4.70 
4.40 

4.10 
4.00 
4.10 
4.40 
4.80 
4.10 
4.00 
4.00 
4.00 
4.80 
4.80 
4.00 
8.70 
3.60 
8.80 
3.30 
3.20 
3.20 
8.20 
3.20 
8.10 
8.00 
8.00 
2.90 
2.90 
2.90 
2.80 
2.70 
2.70 
2.70 
2.60 

2.60 
2.00 
2.60 
2.80 
2.80 
2.80 
2.70 
2.60 
2.70 
2.70 
2.60 
2.60 
2.40 
2.80 
2.20 
2.20 
2.20 
2.10 
2.00 
2.00 
2.00 
1.90 
1.80 
1.70 
1.60 
1.60 
1.60 
1.60 
1.60 
1.60 
1.60 

1.60 
1.60 
1.60 
1.60 
1.60 
1.60 
1.70 
1.70 
1.70 
1.70 
1.80 
1.80 
1.90 
2.00 
2.20 
2.20 
2.10 
2.10 
2.00 
2.00 
1.90 
2.00 
2.20 
2.20 
2.10 
2.10 
2.20 
2.30 
2.40 
2.60 

2.60 
2.50 
2.80 
2.40 
2.40 
2.40 
2.40 
2.60 
2.50 
2.70 
2.90 
2.80 
2.70 
2.60 
2.60 
2.70 
2.90 
2.80 
2.70 
2.70 
2.70 
2.00 
2.60 
2.00 
2.60 
2.50 
2.40 
2:40 
2.40 
2.30 
2.40 

2.40 

2.40 

2.40 

2.40 

2.40 

2.40 

2.40 

2.30 

2.20 

2.10 

1.90 

2.10 

2.20 

2.40 

2.40 

2.30 

2.30 

2.10 

2.00 

2.10 

2.20 

2.10 

8.10 

2.30 

2.30 

2.20 

2.20 

2.00- 

1.70 

1.60 

1.70 
1.90 
2.20 
2.10 

• 

0.10 
0.80 

6.  go 

0.80 
7.80 
7.70 
8.10 
8.8C 
&10 
7.80 
7.40 
7.30 
7.40 
7.60 
7.00 
7.60 
7.10 
7.80 
7.40 
7.00 
7.00 
7.00 
7.80 
7.80 
7.80 
7.60 
7.60 
7.00 
7.30 
7.80 

. 
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FALL  CREEK  BTATIOH  ON  SAN  MiaUBL  BIVSiL 

This  station,  described  in  the  Eighteenth  Auaual  Befmrt,  Part  IV, 
page  264,  is  located  about  300  yards  soathwest  of  Fall  Creek,  Col- 
orado, a  station  on  the  Bio  Grande  Soathem  Eaikoad.  Discharge 
'  measurements  are  made  from  the  wagon  bridge.  The  gage  is  vertiori, 
4  inches  square,  and  is  spiked  to  the  west  side  of  the  north  abutment 
One  bench  mark  is  a  bolthead  in  the  north  end  of  the  west  tnus,  1 
foot  from  the  gage.  It  is  1U5  feet  above  the  ga^e  zero.  The  second 
bench  mark  is  a  spike  driven  into  a  tree  200  feet  northwest.  This  is 
8.65  feet  above  the  zero.  As  the  channel  at  this  point  is  nearly  straight 
and  the  banks  rarely  overflow,  the  section  is  a  desirable  one  for  maasore- 
ments.  Fall  Creek  empties  into  the  Saii  Miguel  about  200  feet  below 
the  gage.  The  observer  is  Mrs.  H.  H.  Hart ;  post-office  address,  Sawpit, 
Colorado.  The  following  is  a  list  of  discharge  measurements  made  in 
1897  by  P.  Cogswell: 

April  20,  gage  height,  3.40  feet;  diooharge,  304  aacond-feet. 
May  11,  gage  height,  4.05  feet;  discharge,  572  second-feet. 
June  22,  gage  height,  4.46  feet;  discharge,  811  second- feet. 
July  20,  gage  height,  3.45  feet;  discharge,  336  second- feet. 
August  24,  gage  height,  2.85  feet;  discharge,  145  second-feet. 
September  21,  gage  height,  3.30  ieet;  discharge,  248  second-feet. 
October  19,  gage  height,  3.05  feet;  discharge,  197  second-feet. 

JJailjf  gage  height,  in  feet,  of  San  Miguel  Biver  qt  Fall  Creek,  Colorado,  for  1SS7. 


Day. 

Apr. 

Hay. 

June. 

July. 

AUR. 

Sept. 

Oct.      KoT. 

1 

2.45 
2.35 
2.35 
2.25 
2.55 
2.55 
2.65 
2.60 
2.65 
2.80 
2.75 
2.70 
2.80 
2.90 
3.05 
3.25 
3.35 
3.60 
3.55 
3.55 
3.50 
3.25 
3.25 
3.35 
3.55 
3.70 
8.80 
3.65 
8.60 
8.55 

3.70 
8.75 
8.76 
3.65 
3.75 
3.85 
3.95 
4.10 
4.00 
4.10 
4.00 
4.00 
4.10 
4.15 
4.10 
4.15 
4.05 
4.20 
4.20 
4.05 
4,05 
4.05 
4.25 
4.40 
4.60 
4.65 
4.65 
4.40 
4.60 
4.55 
4.50 

4.60 
4.50 
4.10 
3.95 
4.10 
4.10 
4.30 
4.45 
4.65 
4.65 
4.40 
4.45 
4.50 
4.55 
4.65 
4.70 
4.40 
4.40 
4.40 
i.25 
4.45 
4.50 
4.50 
4.45 
4.46 
4.50 
4.20 
8.96 
4.00 
4.06 

4.05 
4.05 
4.15 
8.90 
3.70 
3.60 
8.65 
3.90 
3.85 
3.80 
3.85 
3.80 
8.80 
3.60 
3.76 
3.70 
8.65 
3.60 
3.65 
8.50 
3.25 
8.25 
8.30 
8.45 
3.45 
3.45 
3.40 
3.80 
3.30 
3.30 
3.35 

8.80 

3.40 

8.40 

3.35 

3.% 

S.'iO 

8.20 

3.20 

3.15 

3.10 

3.10 

3.00 

3.00 

8.00 

3.05 

3.05 

3.00 

8.00 

8.00 

2.90 

2.85 

2.80 

2,75 

2.75 

2.80 

2.80 

2.80 

2.80 

2.80 

2.80 

2.76 

2.80 

2.85 

8.15 

3.60 

2.95 

2.90 

2.90 

3.15 

3.10 

8.00 

3.00 

3.00 

3.05 

8.45 

8.86 

3.80^ 

3.20 

8.16 

8.10 

8;  20 

3.80 

8.85 

3.20 

8.20 

3.25 

8.25 

8.20 

3.25 

3.30 

8.30 

9  35      ^^ 

2 

3.25 
8.15 
3.H> 
3.06 
3.00 
3.20 
3.10 
a  15 
8.16 
8.10 
8.10 
8.10 
3.06 
8.06 
3.15 
8.15 
8.00 
a  06 
3.00 
^00 
2.96 
2.85 
2.80 
2.95 

1» 
175 
175 

t75 

170 

itt 
150 
150 
155 

106 

tw 

170 
175 
175 
1« 
155 

100 
155 

1« 
136 
150 
150 
150 
ISO 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

IS 

16 

17 

18 

19 

20 

21 

22 

28 

24 

25 

26 

2.85     Itf 
2.85     14; 
2.75  1   »-*5 

27 

28 

20 

2.75 
2.80 
2.85 

140 
135 

30 

31 
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BOLOBBS  STATION  ON  BOLOBBS  BIVBB. 


Tfaifi  station,  deaoribed  in  the  Eighteenth  Annual  Report,  Part  lY, 
page  261,  is  located  about  one-half  mile  above  the  railroad  depot  at 
Dolores,  Colorado.  The  gage  consists  of  a  vertical  2  by  6  inch  plank, 
bolted  to  the  abutment  of  a  footbridge,  on  the  left  side  of  the  river. 
rhe  benoh  mark  consists  of  a  nail  driven  in  the  base  of  a  cottonwood 
txee  18  feet  southwesterly  from  the  gage,  and  it  is  15.60  feet  above 
latum.  The  observer  is  Mrs.  Mary  D.  Smith.  The  following  discharge 
tneasurements  were  made  in  1897  by  F.  Cogswell : 

April  21,  gage  height,  5.10  feet;  discharge,  2,133  second-feet. 
May  13,  gage  height,  5.15  feet;  discharge,  2,216  second-feet. 
June .23,  gage  height,  4.20  feet;  discharge,  1,089  seeond-feet. 
July  21,  gage  height,  3.00  feet;  discharge,  273  second-feet. 
August  25,  gage  height,  2.65  feet ;  discharge,  92  second-feet. 
September  22,  gage  height,  3.32  feet;  discharge,  404  second-feet. 
October  20,  gage  height,  3.25  feet;  discharge,  330  second-feet. 

Daily  gage  height,  in  feet,  of  Dolores  Miver  at  Dolores,  Celarado,  for  18S7, 


Bay. 

Apr. 

May. 

Jane. 

July. 

Avg. 

Sept. 

Oct. 

Not. 

1    ,,., 

8.00 
3.00 
8.05 
8.25 
8.85 
8.85 
8.35 
8.35 
8.80 
8.76 
4.10 
4.15 
4.46 
4.70 
5.06 
6.15 
5.40 
5.96 
5.86 
5.40 
5.15 
4.85 
4.75 
4.70 
6.15 
5.50 
5.80 
5.05 
5.20 
5.15 

6.15 
5.40 
5.45 
6.35 
5.45 
5.45 
5.50 
6.60 
6.86 
5.60 
5.40 
6.20 
5.45 
5.50 
6.45 
5.20 
5.10 
5.35 
5.55 
5.75 
6.65 
5.40 
5.40 
5.70 
5.80 
6.65 
6.76 
5.05 
5.35 
5.60 
6.45 

6.55 
5.40 
4.85 
4.75 
4.80 
4.75 
4.85 
4.95 
4.80 
6.15 
4.85 
5.35 
4.65 
4.80 
4.80 
4.75 
4.60 
4.40 
4.35 
4.26 
4.36 
4.26 
4.20 
4.06 
3.96 
8.95 
8.80 
3.70 
3.65 
8.56 

8.60 
8.55 
8.56 
3.56 
3.40 
3.40 
3.40 
3.40 
3.50 
3.40 
3.30 
8.80 
8.80 
3.20 
3.20 
3.30 
8.80 
3.20 
8.15 
8.00 
3.00 
3.00 
3.20 
8.10 
8.10 
8.05 
8.00 
8.00 
2.95 
2.95 
2.90 

S.90 
fi.90 
8.00 
8.00 
8.00 
2.96 
2.90 
2.90 
2.90 
2.00 
2.86 
2.80 
2.80 
2.80 
2.80 
2.80 
2.80 
2.80 
2.70 
2.70 
2.70 
2.70 
2.70 
2.70 
2.70 
2.70 
2.70 
2.70 
2.70 
2.70 
2.60 

S.8D 
8.00 
2.85 
2.80 
8.80 
8.80 
8.80 
8.00 
8.26 
8.15 
3.05 
8.20 
3.20 
3.35 
3.25 
3.15 
3.10 
3.00 
2.95 
3.10 
3.40 
8.40 
3.20 
8.25 
3.40 
3.46 
8.45 
8.35 
8.45 
3.40 

8.86 
8.60 

8.60 
8.55 
8.40 
8.30 
8.30 
8.45 
3.55 
8.45 
8.40 
8.30 
8.30 
3.30 
3.30 
3.30 
3.30 
3.30 
3.80 
3.20 
3.20 
3.20 
3.20 
3.20 
3.20 
3.10 
3.10 
3.10 
8.00 
3.00 
3.00 

8.00 
8.00 
3.00 
3.00 
3.00 
2.90 
2.90 
2.85 
2.85 
3.05 
2.95 
2.96 
2.90 
2.00 
2.85 
2.80 
2.80 
2.60 
2.80 
2.80 
2.80 
2.80 
2.80 
2.80 
2.80 
2.80 
2.80 
2.70 
2.70 
2.70 

2 

3 

4 

5 , 

0 

7 

8 

a 

10 i 

u 

12 

13 

u 

15 

16 

17 

18 

19 

20 

21 

22 

23 ,..-. 

24 

25 

26 

27 

28 

20 

80 

81 
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ARBOLES  STATION  ON  SAN  JUAN  RIVBR. 

This  station,  described  in  the  Eighteenth  Annual  Report,  Part  IT, 
page  279,  is  located  at  a  foot  bridge  about  1,000  feet  below  the  Denver 
and  Bio  Grande  Bailioad  depot  at  Arboles,  Colorado,  and  is  above  the 
mouth  of  the  Piedra  Kiver.  The  gage  consists  of  two  inclined  4  by  4 
inch  timbers  marked  to  vertical  tenths  of  a  foot,  the  space  betwe^ 
marks  being  0.131  of  a  foot,  and  it  is  bolted  to  the  rocky  bank  on  the 
right-hand  side  of  the  river.  The  left  bank  is  low  and  liable  to  over- 
flow, the  right  is  high  and  rocky;  the  current  is  sluggish,  and  the  bed 
sandy  and  shifting.  Discharge  measurements  are  made  during  high 
water  at  the  footbridge,  and  at  low  stages  about  1,300  feet  below  the 
gage,  where  the  bed  of  the  stream  is  composed  of  small  stones  and  is 
less  liable  to  change,  and  the  current  is  swifb.  The  observer  is  T.  F. 
Burke,  section  foreman.  The  following  discharge  measurements  hare 
been  made  in  1897  by  F.  Cogswell: 

April  25,  gage  height,  8.30  feet ;  discharge,  2,758  secoud-feet. 
May  16,  gage  height,  8.80  feet;  discharge,  3,316  secoud  feet. 
June  27,  gage  height,  7.60  feet;  discharge,  1,604  second>feet. 
Jaly  25,  gage  height,  6.50  feet;  discharge,  446  second-feet. 
Aagust  29,  gage  height,  5.80  feet ;  discharge,  209  second-feet. 
September 26,  gage  height,  8.00  feet;  discharge  2,048  second-feet. 
October  24,  gage  height,  6.90 feet;  discharge,  795  second-feet. 

Daily  gage  height,  in  feet,  of  San  Juan  Biver  at  ArholeSf  CMarado,  for  1897, 


Day. 

Apr. 

May. 

Jnne. 

July. 

Ang. 

Sept. 

Oet. 

^. 

1 , 

6.50 
6.80 
6.60 
6.75 
6.05 
7.45 
7.85 
7.25 
7.20 
7.25 
7.85 
7.66 
7.75 
7.80 
8.10 
8.20 
8.60 
8.90 
8.00 
8.50 
8.45 
8.10 
7.70 
7.85 
8.15 
8.35 
8.75 
8.20 
8.10 
8.10 

8.20 
8.40 
8.45 
8.60 
0.05 
8.50 
8.68 
8.70 
8.85 
8.00 
8.55 
8.60 
8.70 
8.75 
8.60 
8.75 
8.65 
8.85 
9.20 
9.55 
0.06 
8.76 
8.95 
9.20 
9.20 
0.80 
0.35 
9.06 
0.10 
9.00 
9.05 

9.10 
8.85 
8.35 
8.10 
8.05 
8.10 
8.25 
8.50 
8.50 
8.60 
8.75 
8.50 
8.40 
8.40 
8.35 
8.40 
8.15 
7.85 
7.80 
7.90 
7.85 
7.05 
7.95 
7.75 
7.60 
7.70 
7.65 
7.55 
7.40 
7.20 

7.25 
7.80 
7.45 
7.40 
7.10 
7.05 
6.90 
6.05 
7.05 
7.10 
7.06 
6.90 
6.00 
6.70 
6.70 
0.70 
6.70 
6.75 
6.60 
6.60 
6.50 
0.60 
6.75 
6.65 
6.50 
0.40 
6.40 
6.80 
6.80 
6.25 
6.20 

6.20 

6.20 

6.30 

6.30 

6.35 

6.25 

6.20 

6.20 

6.20 

6.30 

6.20 

6.10 

6.10 

6.15 

6.10 

6.15 

6.35 

6.15 

6.10 

6.05 

6.00 

6.00 

6.00 

6.00 

5.90 

5.00 

5.00 

5.00 

5.80 

5.80 

5.70 

5.70 

5.70 

6.50 

5.00 

6.00 

6.65 

7.00 

6.40 

6.80 

6.50 

6.45 

7.00 

6.06 

7.15 

6.65 

6.50 

6.40 

6.40 

6.30 

6.30 

6.60 

6.45 

6  40 

6.40 

7.10 

7.65 

7.05 

6.00 

6.70' 

6.55 

I- 

6.50 
6.50 

1 

6.  SO 

2 

3 

6.66 

OLse 

4 

7.60 
7.86 
7.10 
7.05 
7.15 
8.06 
7.00 
7.70 
7.55 
7.40 
7.20 
7.80 
7.50 
7.50 
7.40 
7.85 
7.20 
7.05 
6.06 
6.90 
6.90 
6.85 
6.80 
6.80 
6.70 
8.70 
660 

110 
150 
ISO 
140 
140 
140 

5 

0 '. 

7 

8 

Q 

10 

11 

140 

12 

140 
14D 
13S 

190 
130 
130 
130 
19 
110 

13 

14 

15 

16 

17 

18 

19 

20 

21 

130  , 

22 

IV 

23 

19 

24 

139 

25 

130 

26 

130 

27 

130 

lis 

110 
110 

28 

20 

30 

31 

6.80 
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ABBOLES  STATION   ON  PIEDBA  BIYEB. 

This  station,  described  in  the  Eighteenth  Annual  Beport,  Part  lY, 
age  281,  is  located  at  the  railroad  bridge  across  the  Piedra  Biver, 
bout  one-half  mile  from  the  Denver  and  Bio  Grande  Bailroad  depot  at 
LPboles,  Colorado.  The  Piedra  empties  into  the  San  Juan  a  short  dis- 
mce  below  this  point.  The  gage  is  bolted  to  the  stone  abatment  of 
le  railroad  bridge  on  the  right-hand  side  of  the  stream,  and  consists 
r  a  vertical  4  by  4  inch  timber.  A  cross  cut  in  the  top  of  the  abutment 
L  the  sontheast  corner  of  bridge  402 A  is  14.88  feet  above  gage  zero. 
he  banks  are  both  high,  the  cnrrent  is  swift,  the  bed  is  composed  of 
mall  stones,  and  the  cross  section  does  not  change  materially.  The 
bserver  is  T.  F.  Burke.  The  following  discharge  measurements  were 
lade  in  1897  by  F.  Cogswell: 

April  24,  gage  height,  5.20  feet;  discharge,  1,429  seoond-feet. 
May  15,  gage  height,  5.65  feet ;  discharge,  1,629  second-feet. 
June  26,  gage  height^  4.20  feet;  discharge,  677  second-feet. 
July  24^  gage  height,  3.10  feet;  discharge,  230  second-feet. 
Augnst  2Sf  gage  height,  2.60  feet ;  discharge,  65  second-feet. 
September  25,  gage  height,  4.15  feet;  discharge,  675  second-feet. 
October  23,  gage  height,  4.00  feet;  discharge,  586  second-feet. 

Daily  gage  height,  infeeif  of  Piedra  River  at  ArholeSf  Colorado,  for  1897. 


Day. 


Apr. 


May. 


1 

3.45 

3 

3.75 

3 

3.56 

4 

3.85 

5 

4.20 

6 

i.45 

7 

4.05 

8 

4.80 

9 

4.80 

10 

4.90 

11 

5.45 

12., 

J3 

5.45 
5.55 

14 

5.66 

15 

6.00 

16 

6.00 

17 

6.20 

18 

6.35 

19 

6.85 

20 

6.00 

21 

6.05 

22 

5.70 

23 

5.50 

24 

5.30 

25 

5.50 

26 

5.60 

27 

6.00 

28 

5.65 

29 

5.70 

3D 

5.80 

31 

5.80 
6.10 
6.05 
6.40 
6.45 
6.60 
6.65 
6.60 
6.25 
6.25 
5.90 
5.75 
5.05 
5.05 
5.75 
5.80 
5.65 
5.05 
6.10 
6.15 
5.06 
5.80 
5.00 
6.85 
6.40 
6.40 
6.35 
6.05 
6.15 
6.00 
6.05 


Jane. 


6.15 
5.86 
6.35 
5.10 
6.06 
5.05 
5.25 
6.40 
5.35 
5.45 
5.35 
6.30 
6.15 
5.20 
6.15 
5.30 
6.00 
4.70 
4.65 
4.70 
4.60 
4.60 
4.55 
4.46 
4.25 
4.25 
4.20 
4.05 
3.00 
3.80 


July. 


8.70 
3.75 
4.00 
3.00 
8.70 
8.60 
8.50 
3.50 
3.45 
3.60 
3.50 
3.50 
3.40 
3.30 
3.25 
3.30 
8.25 
3.20 
8.20 
8.10 
3.00 
8.00 
3.05 
3.10 
3.00 
3.00 
3.00 
2.00 
2.00 
2.00 
2.00 


Aug. 


2.80 
2.80 
2.80 
2.80 
2.80 
2.80 
2.80 
2.80 
2.80 
2.06 
2.80 
2.75 
2.85 
2.80 
2.76 
2.70 
2.70 
2.80 
2.70 
2.80 
2.75 
2.70 
2.70 
2.70 
2.60 
2.60 
2.60 
2.60 
2.60 
2.00 
2.60 


Sept. 


2.60 
2.60 
3.20 
3.00 
2.05 
3.40 
8.50 
3.30 
8.65 
3.40 
8.85 
4.20 
4.00 
4.06 
3.65 
3.60 
3.45 
3.30 
3.:;0 
3.30 
4.05 
8.70 
3.65 
3.60 
4.00 
4.36 
4.05 
3.06 
8.80 
8.70 


Got.    I   Kov. 


3.70 
4.20 
4.25 
6.00 
5.05 
4.75 
4.55 
4.60 
5.75 
6.25 
4.06 
4.85 
4.65 
4.50 
4.00 
4.85 
4.60 
4.50 
4.40 
4.26 
4.10 
4.05 
4.00 
3.00 
3.80 
3.80 
3.70 
3.70 
8.65 
3.00 
3.50 


3.60 
3.40 
8.40 
8.35 
3.80 
3.30 
3.30 
3.30 
3.20 
3.26 
8.30 
3.20 
3.20 
3.20 
3.10 
3.10 
3.  JO 
3.06 
3.00 
3.00 
3.00 
3.00 
3.00 
3.00 
3.00 
3.00 
3.00 
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DURANaO  STATION  ON  ANIMAS  RIYBR. 

Thip  station,  described  in  the  Eighteenth  Annual  Report,  Part  IT, 
page  283,  is  located  about  200  yards  west  of  the  raikoad  ststioii  at 
Darango,  Colorado,  at  the  wagon  bridge  crossing  Auimas  Biver,  200 
feet  above  the  Eio  Grande  Sonthern  Railroad  Bridge.  The  observer  is 
George  Robertson,  a  miller  at  Darango.  The  gage  is  spiked  to  Ihe 
west  side  of  the  south  end  of  the  middle  pier  of  the  wagon  bridgOi 
The  head  of  a  bolt  at  the  east  abutment  of  the  railroad  bridge  is  17.24 
feet  above  gage  datum.  The  banks  are  high  and  rooky  and  the  seetioii 
is  excellent  for  obtaining  accurate  measurements  of  discharge.  Light- 
ner  Greek  enters  Animas  River  from  the  right  about  100  feet  below  the 
wagon  bridge  and  between  it  and  the  railroad  bridge.  The  IbHowin; 
discharge  measurements  were  made  in  1897  by  F.  Cogswell: 

April  23,  gage  height,  7.75  feet;  dischargs,  2,176  aeeond-feet. 
May  14,  gage  height,  9.20  feet;  discharge,  4,7S6  seoond-feet. 
June  25,  gage  height,  7  85  feet;  discharge,  2,534  second-feet. 
July  23,  gage  height,  6.10  feet;  discharge,  997  Becond-f<Det. 
August  27,  gage  height^  5.10  feet;  discharge,  828  second-feel. 
September  24,  gage  height,  6.05  feet;  discharge^  905  second-feet^ 
October  22,  gage  height,  6.50  feet ;  discharge,  1,121  second-lee t. 

Daily  gage  h0ight,  in  feet,  of  Anhnaa  Biver  at  Dnrango,  Colorado,  for  1897. 


Day. 


2 

8. 

4 

5 

6 

7 

8 

» 

10 

11 

12 

13 

U 

15 

16 

17 

18 

10 

ao 

21 

22 

23 

24 

25 

26 

27 

28 

20 , 

80 

81 


Jan. 


6.10 
5.20 


5.20 


5.00 


5.00 


4.00 


5.00 


5.30 


5.00 


Feb. 


5.00 


4.90 


5.00 


5.10 


5.00 


4  80 


5.00 
5.16 


Mar. 


5.10 


5.00 


5.10 


5.00 


5.10 


6.20 


5.10 


5.50 
6.'i6" 


Apr. 


5.76 
5.80 
5.75 
6.20 
6.20 
7.10 
7.30 
7.40 
7.110 
7.75 
7.80 
7.56 
7.75 
8.00 
8.00 
8.80 
8.95 
9.00 
9.20 
8.50 
8.30 
7.90 
7.65 
7.50 
8.35 
8.65 
8.00 
8.36 
8.50 
8.60 


Hay. 


8.75 
8.85 
8i70 
8.55 
8.50 
8.80 
9.20 
0.50 
0.45 
0.30 
&90 
8.70 
8.95 
9.20 
8.95 
a95 
8.60 
9.05 
9.15 
9.00 
8.70 
8.70 
9.25 
0.60 
0:75 
9.65 
9.55 
8.86 
9.25 
9.35 
9.25 


June.  July. 


9.40 
8.86 
8.16 
7.00 
8.10 
8.26 
8.40 
8.90 
8.95 
9.10 
8.60 
8.50 
8.56 
8.90 
8.96 
9.05 
8.45 
8.06 
7.06 
8.10 
8.80 
8.30 
8.40 
8.10 
7.75 
8  00 
8  05 
7.60 
7.30 
7.15 


7.16 
7.00 
7.00 
6.80 
6.60 
6.66 
6.85 
6.85 
7.00 
6.96 
6.85 
6.75 
6.66 
6.45 
6.46 
6.45 
6.86 
6.35 
6.15 
6.06 
6.00 
6.00 
6.06 
6.05 
6.00 
5.00 
5.00 
5.80 
6.80 
5  75 
5.70 


Axig. 


5.70 
5.75 
5.75 
6.75 
5.90 
5.80 
5.80 
5.70 
5.70 
5.65 
5.60 
5.60 
5  00 
5.56 
5.60 
5.50 
5.50 
5.50 
5.45 
5.40 
5.40 
5.85 
5.80 
5.25 
5.20 
5.20 
5.10 
5.10 
5.10 
5.10 
6.10 


Sept. 


5.10 
6.00 
5.60 
5.70 
5.66 
5.60 
5.60 
6.70 
6.26 
5.95 
6.95 
6.55 
6.55 
6.70 
6.50 
6.20 
6.00 
6.95 
5.85 
5.80 
6.30 
6.25 
6.15 
6.05 
6.25 
6.50 
6.40 
6.25 
6.30 
6.30 


Oct. 


6.35 
6.75 
7.05 
7.15 
7.05 
6.85 
6.70 
6.80 
7.06 
7.45 
7.25 
7.16 
7.05 
6.05 
7.55 
7.25 
7.05 
6.85 
6.75 
6.65 
6.55 
6.50 
6.40 
C80 
C30 

cao 

6.10 
COO 
COO 
5.06 
&00 


Kov. 


5.80 
5.80 
6.80 
5.70 
5.70 
6.70 
6.70 
5.00 
5.60 
5.80 
5.00 
6.60 
5.50 
5.50 
5.50 
5.60 
5.50 
5.40 
5.40 
5.40 
5.40 
5.40 
5.45 
5.40 
5.40 
5.40 
5.35 
5.» 
5.25 
5.20 


Dec 


5.» 

5.9 
&.» 
5.15 


5.31 


5.10 


5.3B 


5.30 


5.39 


ilt 


5.9 


&9 


i 
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BUTTES   STATION  ON  GILA  BIVEIt. 

This  station,  described  in  the  Eighteenth  Annnal  Beport,  Part  lY, 
page  286,  is  located  at  the  battes  IG  miles  above  Florence,  Arizona. 
This  gage  is  bolted  to  a  solid  rock  on  the  right  bank,  where  the  river 
emerges  Ax>m  the  lower  end  of  the  gorge.  Measurements  are  made 
from  a  car  suspended  from  a  cable,  a  short  distance  above  the  gage. 
Owing  to  the  shifting  character  of  the  bottom,  it  was  necessary  to  make 
a  large  number  of  discharge  measurements  and  the  following  were  made 
by  W.  J.  Brash  and  A.  T.  Colton  in  1897 : 


Date. 

heignt. 

1 

Die. 
charge. 

Date. 

Gape 
height. 

Dis. 
charge. 

Date. 

Gage 
height. 

Dis- 
charge. 

Sec.  ft. 

Feet. 

See.  ft. 

Feel. 

See./L 

Feet. 

Jan.  1 

2.30 

445 

Feb.  26.... 

2.60 

646 

May  28... 

1.65 

94 

Jan.  5 

2.25 

413 

Mar.  2 

2.50 

593 

Jnne  10 . . 

1.50 

72 

Jan.  8 

2.24 

377 

Mar.  5 

2.52 

614 

June  30.. 

1.30 

20 

Jan.  12... 

2.90 

853 

Mar.9 

2.60 

687 

July  11... 

3.00 

726 

Jan.  14 . . . 

3.10 

846 

Mar.  12 

2.48 

568 

July  27... 

1.93 

173 

Jan.  15 . . . 

3.80 

1,891 

Mar.  16 

2.45 

585 

Aug.  11... 

2.25 

365 

Jan.  16... 

5.30 

3,895 

Mar.  20.... 

2.58 

681 

Aug.  14... 

4.70 

3,181 

Jan.  18... 

4.60 

3,085 

Mar.23.... 

2.90 

1,010 

Aug.  31... 

1.90 

246 

Jan.  22  . . . 

3.40 

1.446 

Mar.  26.... 

2.74 

883 

Sept.  8... 

6.75 

5,588 

Jan.  26  . . . 

3.05 

1,046 

Mar.  31.... 

2.78 

837 

'  Sept.  13 . . 

3.50 

1,946 

Jan.  29  . . . 

2.85 

912 

Apr.8 

2.54 

675     Sept.  15.. 

5.30 

4,950 

Feb.i.... 

3.50 

1,530 

Apr.  14 

2.70 

797 

Sept.  23.. 

3.75 

2,099 

Feb.5.... 

3.20 

1,123 

Apr.20.... 

2.60 

757 

Sept.  28.. 

3.70 

2,068 

Feb.  10... 

2.85 

926 

Apr.  28 

2.43 

516 

Oct.  10 . . . 

2.65 

868 

Feb.  13... 

2.71 

840 

May  6 

2.22 

318 

1 

Oct.  24... 

2.23 

601 

Feb.  16... 

2.54 

700 

May  14.... 

1.96 

188 

Feb.  22... 

2.82 

808 

May  20 

1.80 

134 
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Daily  gage  heightf  in  feet  of  Gila  Biver  at  the  Buttea,  Arizona,  for  1SS7 

• 

Day. 

Jan. 

Feb. 

Mar. 

Apr. 

May. 

June. 

July. 

Aug. 

Sept 

Oct 

1 

2.30 
2.30 
9  20 
2.26 
2.25 
2.25 
2.24 
2.24 
2.24 
2.23 
3.28 

3.50 
3.40 
3.30 
3.25 
3.20 
3.10 
3.00 
2.95 
2.90 
2.85 
2.80 
2.73 
2.71 
2.70 
2.62 
2.54 

2.iU) 

2.57 
2.50 
2.52 
2.64 
2.52 
2.52 
2.70 
2.02 
2.00 
2.60 
2.50 
2.48 
2.48 
2.50 
2.40 
2.45 
2.46 
2.50 
2.58 
2.58 
2.71 
2.83 
2.90 
2.90 
2.90 
2.74 
2.72 
2.70 
2.73 
2.85 
2.78 

2.75 
2,70 
2.68 
2.66 

i'so' 

2.' 27' 

1.60 
1.50 
1.50 
1.60 
1.60 
1.60 
1.50 
1.50 
1.60 
1.50 
1.50 
1.56 
1.50 
1.60 
1.50 
1.50 
1.60 
1.60 
1.60 
1.40 
1.40 
1.40 
1.40 
1.40 
1.40 
1.30 
1.30 
1.30 
1.30 
1.30 

1.30 
1.30 
1.30 
1.80 
1.30 
1.30 
1.30 
1.20 
1.20 
4.10 
3.00 
4.00 
3.40 
3.00 
2.50 
2.00 
2.20 
2.10 
3.00 
3.50 
2.50 
8.00 
3.00 
2.60 
2.00 
2.20 
2.10 
2.60 
2.0O 
2.00 
2.00 

2.40 
2.40 
2.20 
2.30 
2.00 
2.40 
2.30 
3.00 
2.30 
2.20 
2.20 
2.20 
6.30 
4.70 
4.70 
4.80 
2.90 
2.70 
2.40 
2.80 
2.30 
2.80 
2.40 
2.20 
2.20 
2.10 
2.10 
2.00 
2.00 
1.90 
1.90 

1.80 
1.80 
1.80 
1.76 
1.72 
1-73 
1.88 
7.00 
4.40 
3.80 
4.90 
4.20 
3.60 
4.90 
5.80 
6.10 
4.60 
5.40 
4.80 
3.85 
4.00 
4.20 
8.75 
8.70 
3.65 
3.75 
8.70 
3  70 
3.55 
8.25 

S.16 
2.97 
2.W 

180 

2 

8 

4 

5 

1«5  ' 

6 

2.67 

2.22 

2.80 

2.5S 
1S6 
2.47 

7 

8 ; 

2.64 

2.17 

0 

10 

2.00 

2.10 

11  

12 

2.90 
3.87 
3. 10 

2.67 
"i*76 

2.05 

His 

13 

14 

15 

3.45 
5.30 
5.60 

2.70 

1.91 

17. 

4. 60     2. 47 
4.  JO  '•  2.^ 

2.70 

1.88 

19 

8.90 
3.70 
3.40 
3.30 
3.26 
3.15 
3.06 
3.00 
2.00 
2.85 
3.25 
8.17 

2  50 
2.06 
2.85 
2.80 
2.79 
2.65 
2.60 
2.58 
2.58 

2.65 
2.' 69* 

1.80 
'i.'77" 

21 

....' 

23 

2.55 

1.70 

25 

2.50 

1.68 

27 

28 

2.43 

1.66 

29 

30 

2.40 

31 

MCDOWELL  STATION  ON  SALT  BIYISB. 

This  station  is  located  f  mile  above  the  mouth  of  the  Yerde  Biv^ 
and  35  mUes  northeast  of  Phoenix,  Arizona,  and  was  established  April 
20, 1897.  The  gage  consists  of  2  by  6  inch  scantling,  bolted  to  rocks  on 
south  side  of  river  about  300  feet  above  the  cable.  The  bench  mark  is 
a  nail  in  polyverde  tree  about  75  feet  west  of  north  cable  anchorage, 
and  it  is  17.33  feet  above  gage  zero.  The  observer  is  B.  Yalasco.  The 
following  is  a  list  of  discharge  measurements  made  in  1897  by  W.  A. 
Farish  and  others : 


Date. 


Apr.  21. 
Apr.  25. 
Apr.  28. 
Apr.  30. 
May  4.. 
May  8.. 
May  11 . 
May  15. 
May  18. 
May  20. 
May  22. 
May  25. 
May  27. 


lj- 


Gage 
height. 

Dis- 
charge. 

Feet. 

See.  ft. 

13.30 

4,085 

12.50 

2,913 

12.10 

2,290 

12.00 

2,035 

11.55 

1,639 

11.33 

1,563 

11.20 

1,385 

10.94 

1,223  ' 

10.73 

992 

10.66 

875 

10.61 

852 

10.54 

805 

10.45 

748 

Date. 


May  29.. 
June  1  . . 
June  3  .. 
Jane  5  . . 
June  8  .. 
June  10  . 
June  12  . 
June  15  , 
June  17  , 
June  19  . 
June  22  . 
June  24  . 
June  26  . 


Gage 
height. 


Feet. 

10.40 

10.35 

10.30 

10.23 

10.09 

10.00 

9.95 

9.90 

9.86 

9.80 

9.74 

9.70 

9.63 


Dis- 
charge. 


See. ft. 
715 
647 
606 
569 
476 
456 
430 
399 
379 
341 
299 
270 
244 


Date. 


June  30 . 
July  10 
July  19  . 
Aug.  15  . 
Aug.  29  . 
Sept.  13. 
Sept.  26. 
Oct.  20. . 
Oct.  31.. 
Nov.  21 . 
Nov.  28  . 
Dec.  19  . 
Deo.  27  . 


Gaice 
height. 
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)aily  gage  heightf  iufeet,  of  Salt  Biver  at  McDowell,  Arizona,  for  1897, 


Day. 


Apr. 


13.80 
13.30 
13.20 
12.90 
12.60 
12.50 
12.32 
12.15 
12.10 
12.10 
12.00 


May. 


11.00 
11.76 
11.02 
11.55 
11.02 
11.62 
11.48 
11.44 
11.40 
11.26 
11.20 
11.12 
11.06 
11.00 
10.  »4 
10.85 
10.75 
10.72 
10.08 
10.65 
10.62 
10.00 
10.56 
10.58 
10.53 
10.49 
10.44 
10.41 
10.40 
10.39 
10.80 


June. 


10.35 

10.32 

10.29 

10.26 

10.23 

10.18 

10.12 

10.08 

10.04 

9.99 

9.96 

9.95 

9.90 

9.87 

9.90 

9.86 

9.85 

9.83 

9.79 

9.77 

9.75 

9.73 

9.70 

9.68 

9.65 

9.62 

9.00 

0.58 

9.56 

9.55 


July. 


9.50 
9.72 
9.52 
9.60 
9.36 
9.64 
0.66 
9.36 
9.34 
9.50 
9.50 
9.50 
9.50 
9.00 
9.76 
9.60 
9.60 
9.58 
9.55 
9.52 
9.43 
9.45 
9.45 
9.45 
9.42 
9.45 
9.45 
9.42 
9.75 
9.55 
9.55 


Ang. 


9.50 

0.55 

10.55 

9.90 

10.04 

9.70 

9.88 

9.75 

9.70 

9.70 

9.82 

10.86 

10.62 

10.85 

10.10 

10.10 

10.55 

10.  SO 

10.50 

10.76 

10.30 

10.20 

10.20 

10.10 

10.00 

10.30 

10.60 

10.50 

10.00 

10.45 

10.00 


Sept. 


10.00 
9.8d 
10.40 
10.45 
10.00 
10.44 
10.60 
10.90 
10.90 
11.51 
12.73 
11.15 
11.50 
U.50 
10.60 
10.20 
10.30 
10.30 
10.08 
10.48 
10.26 
10.90 
11.00 
11.45 
11.50 
11.45 
11.70 
12.02 
11.00 
11.75 


Oct. 


11.45 
11.30 
10.90 
11.40 
10.65 
10.00 
10.70 
10.40 
10.90 
10.05 
10.04 
10.20 
10.60 
10.30 
10.30 
10.20 
10.30 
10.20 
10.30 
10.10 
10.25 
9.90 
10.00 
10.45 
10.50 
10.45 
10.46 
10.02 
10.90 
10.75 
10.10 


Nov. 


10.05 
10.05 
10.06 
10.05 
10.06 
10.05 
10.05 
10.00 
10.00 
10.00 
10.00 
10.00 
10.00 
10.00 
10.00 
10.00 
10.00 
10.05 
10.00 
10.00 
10.00 
10.00 
10.00 
10.00 
10.00 
10.00 
10.00 
10.00 
10.00 
10.00 


Dec. 


10.00 
10.06 
10.10 
10.10 
10.10 
10.10 
10.10 
10.10 
10.10 
10.10 
10.10 
10.10 
10.10 
10.10 
10.10 
10.10 
10.10 
10.10 
10.10 
10.15 
10.15 
10.10 
10.10 
10.10 
10.10 
10.06 
10.05 
10.10 
10.10 
10.05 
10.05 


KB  16- 
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MCDOWELL  STATION  ON  VERDE  RIVEB. 

This  station  is  located  f  mile  above  the  mouth  of  Yerde  River,  and  35 
miles  northeast  of  Phoenix,  Arizona,  and  was  established  April  20, 1897. 
The  gage  consists  of  a  2  by  4  inch  inclined  rod  fastened  to  posts  driven 
into  the  east  bank  of  the  river  about  400  feet  below  the  gaging  cable. 
The  bench  mark  is  on  a  catclaw  tree  about  100  feet  southeast  from  the 
old  gage  on  cottonwood  tree,  which  latter  is  60  feet  below  the  cable. 
The  elevation  of  the  bench  mark  is  27.02  feet  above  gage  datum. 
The  observer  is  B.  Yalasco.  Tiie  following  is  a  list  of  discharge  meas- 
urements made  by  W.  A.  Farish  and  others  in  1897 : 


Date. 

hd^t. 

Dift- 
oharge. 

Date. 

Gaee 
height. 

1 
Dis- 
charge. 

Date. 

Gage 
heiglit. 

Dis- 
charge. 

Fut, 

Bee.  St. 

Feet. 

See.  ft. 

Feet. 

V 

See./t 

Apr.  21... 

8.85 

1,328 

May29.... 

7.74 

172 

July  10  . . 

7.65 

183 

Apr.  25... 

8.50 

731 

June  1 

7.80 

177 

July  19  - . 

7.70 

186 

Apr.  28... 

8.37 

540 

June  3 

7.78 

174 

Aug.  15.. 

7.95 

322 

Apr.  30 . . . 

8.32 

508 

June  8  .... 

7.75 

176 

Aug.  29 . . 

8.51 

440 

May  4.... 

8.16 

364 

June  10  . . . 

7.76 

178 

Sept.  13.. 

9.35 

l,9i9 

May  8 

8.12 

325 

June  12 ... 

7.78 

159 

Sept.  26.. 

7.60 

435 

May  11... 

8.00 

•    259 

June  15  ... 

7.70 

165 

Oct.  21... 

6.70 

279 

May  15... 

7.93 

236 

June  17  ... 

7.63 

138 

Oct.  31 . . . 

6.65 

305 

May  18... 

7.94 

229 

June  19  . . . 

7.63 

132 

Nov.  21 . . 

6.60 

246 

May  20... 

7.85 

227 

June  22  . . . 

7.58 

128 

Nov.  28 . . 

6.63 

264 

May  22... 

7.88 

224 

June  24  ... 

7.63 

135 

Deo.  19  .. 

6.75 

261 

May  25... 

7.84 

205 

June 26  ... 

7.56 

122 

Dec.  26  . . 

a  70 

308 

May  27... 

7.85 

244 

June  30  ... 

7.56 

111 

Daily  gage  height,  in  feet,  of  Verde  liiver  at  McDowell,  Arizona,  for  1897. 


Day. 

Apr. 

May. 

June. 

July. 

Aug. 

Sept. 

Oct. 

Not. 

Dee. 

1 

8.30 
8.23 
8.18 
8.16 
8.14 
8.12 
8.12 
8.12 
8.08 
8.05 
8.00 
8.00 
7.98 
7.93 
7.93 
7.93 
7.92 
7.92 
7.91 
7.86 
7.84 
7.86 
7.84 
7.84 
7.84 
7.84 
7.84 
7.82 
7.74 
7.85 
7.84 

7.80 
7.70 
7.77 
7.77 
7.78 
7.76 
7.74 
7.75 
7.74 
7.70 
7.76 
7.78 
7.76 
7.74 
7.70 
7.66 
7.62 
7.62 
7.62 
7.02 
7.59 
7.58 
7.00 
7.62 
7.60 
7.54 
7.56 
7.57 
7.57 
7.56 

7.56 
7.54 
7.43 
7.42 
7.38 
7.44 
7.44 
7.40 
7.40 
7.68 
7.65 
7.88 
7.80 
7.72 
7.74 
7.70 
7.75 
7.75 
7.70 
7.64 
7.43 
7.58 
7.64 
7.58 
7.54 
7.52 
7.50 
7.49 
7.60 
7.50 
7.51 

7.65 
7.64 
7.52 
7.52 
7.56 
7.60 
7.60 
7.65 
7.64 
7.72 
7.72 
9.00 
8.50 
8.00 
8.00 
8.00 
8.20 
8.50 
8.10 
8.50 
8.60 
8.70 
7.90 
8.30 
8.30 
8.45 
8.45 
8.45 
8.50 
7.60 
7.50 

7.70 
7.55 
7.60 
7.85 
7.60 
7.50 
7.61 
8.80 
8.90 
8.30 
12.00 
12.00 
9.40 
9.40 
7.60 
7.50 
7.85 
7.60 
7.10 
7.20 
2.10 
7.00 
7.50 
7.45 
7.66 
7.60 
9.00 
9.90 
7.80 
7.55 

7.45 
7.00 
7.00 
7.40 
7.30 
7.10 
7.10 
7.20 
6.90 
7.10 
7.00 
7.10 
7.00 
7.00 
7.00 
7.00 
7.10 
7.10 
7.10 
7.10 
6.70 
6.70 
6.65 
6.6S 
6.60 
6.65 
6.70 
6.70 
6.66 
0.66 
6.66 

6.65 

6.00 

6.65 

6.06 

6.66 

6.60 

6.60 

6.60 

6.60 

6.60 

6.60 

6.65 

6.60 

6.66 

6.96 

6.00 

6.65 

6.66 

6l60 

6.60 

6.00 

6.60 

6.60 

6.00 

6.00 

6.60 

6l0O 

6.60 

6.0C 

6.00 

0.0 

0.7D 

0.70 

0.70 

0.65 

0.60 

0.00 

6.00 

5.63 

6.6S 

6.6S 

&65 

&65 

&6D 

6.6D 

&60 

6.6S 

&a5 

&75 
6. -5 
6.M 
6.75 
9l70 
6.70 
6.70 
&7t 
l.W 
170 

61 70 
170 
6.7V 

2 

3 

4 

5 

0 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

9.00 
8.80 
8  70 
8.66 
8.00 
8.50 
8.42 
8.38 
8.37 
8.36 
8.32 

21 

22 

23 

24 

26 

26 

27 

28 

29 

30 

31 

—     ■-* 
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YUMA  STATION  ON  COLORADO  RIVER. 

This  station,  described  in  the  Eighteenth  Annual  Eeport,  Part  lY, 
page  298,  is  located  at  the  bridge  of  the  Soathern  Pacific  Eailroad 
Company  at  Ynma,  Arizona,  and  the  gage  readiogs  are  maintained  by 
that  company.  The  gage  at  this  point,  reading  from  10  to  22  feet,  is 
nailed  to  the  lower  si Je  of  the  first  pier  on  the  sonth  bank  of  the  river; 
the  portion  reading  firom  22  feet  to  40  feet  is  nailed  to  a  large  post  on 
the  north  side,  east  of  the  bridge.  The  figures  of  gage  height,  pins 
100,  indicate  the  elevation  above  sea  level  according  to  the  Sonth 
Pacific  elevation.  The  channel  of  the  river  is  shifting,  scouring  or  fill- 
ing with  every  change  of  river  height.  No  discharge  measurements 
were  made  in  1897. 


Dailif  gage  heighif  in  feet,  of  Colorado  Eiver  at  Yuma,  Arizona,  for  1897, 


Day. 

Jan. 

Feb. 

Mtf. 

Apr. 

May. 

June. 

July. 

Aug. 

Sept. 

Oct. 

Not. 

Deo. 

1.... 

18.58 

18.33 

1&33 

19.42 

22.42 

25.17 

21.50 

19.25 

18.58 

18.92 

18.75 

18.42 

2.... 

18.76 

18.17 

18.60 

19.67 

22.42 

26.42 

21.25 

19.17 

18.58 

18.92 

18.83 

18.42 

8.... 

18.68 

18.33 

1&50 

19.25 

22.67 

25.67 

20.92 

19.17 

18.60 

18.92 

19.17 

18.75 

4.... 

18.60 

18.25 

19.17 

20,17 

22.92 

25.76 

20.92 

19.17 

18.60 

18.83 

19.17 

18.58 

5.... 

18.42 

18.42 

19.33 

20.00 

23.00 

25.83 

20.92 

19.00 

18.58 

19.17 

18.92 

18.42 

6.... 

1&33 

t8.F0 

19.08 

20.42 

22.92 

25.83 

20.92 

18.92 

18.50 

19.17 

ia75 

18.58 

7.... 

18.25 

18.50 

19.76 

20.42 

23.00 

26.02 

20.56 

18.83 

18.42 

18.92 

18.75 

18.58 

8.... 

iai7 

18.50 

10.42 

20.67 

23.42 

26.00 

20.42 

18.83 

18.25 

18.75 

18.75 

18.42 

9.... 

18.00 

18.42 

19.00 

21.00 

23.75 

26.08 

20.42 

18.67 

18.25 

18.42 

18.67 

18.42 

10.... 

18.00 

18.17 

19.50 

21.42 

24.00 

26.00 

20.25 

18.75 

18.17 

18.50 

18.67 

18.33 

11.... 

18.00 

18.00 

20.33 

21.42 

24.83 

25.83 

20.33 

18.75 

18.08 

18.83 

18.67 

18.25 

12.... 

17.92 

17.92 

19.75 

21.00 

24.58 

25.33 

20.50 

18.58 

18.42 

19.25 

18.58 

18.25 

13.... 

18.33 

18.17 

19.58 

21.42 

24.88 

24.75 

20.58 

18.83 

18.17 

21.00 

18.58 

18.08 

U.... 

19.00 

ia26 

19.33 

21.50 

24.92 

24.00 

20.26 

18.75 

18.67 

20.75 

18.50 

18.08 

16.... 

20.92 

18.26 

19.17 

21.60 

25.08 

23.58 

20.06 

19.00 

18.75 

21.50 

18.58 

18.08 

16.... 

21.42 

18.25 

19.00 

21.42 

25.25 

23.33 

20.25 

18.03 

18.33 

21.42 

18.58 

18.00 

17.... 

22.50 

18.25 

19.17 

21.25 

25.33 

23.25 

20.25 

18.92 

18.25 

20.02 

18.58 

18.00 

18.... 

22.83 

18.17 

19.50 

21.25 

25.42 

23.17 

20.33 

19.00 

19.33 

20.17 

18.58 

18.00 

19.... 

21.92 

18.17 

19.25 

21.42 

25.50 

23.08 

20.33 

10.  U8 

19.83 

19.92 

18.58 

18.00 

20.... 

20.00 

18.17 

19.17 

21.42 

26.50 

23.25 

20.25 

19.17 

20.25 

19.67 

18.50 

18.00 

21.... 

19.42 

18.17 

19.00 

21.42 

25.42 

23.25 

20.00 

19.08 

20.75 

10.58 

18.  42 

17.92 

22.... 

19.75 

18.17 

18.02 

21.92 

25.25 

23.42 

10.75 

19.08 

20.75 

19.42 

18.42 

18.00 

23...- 

19.42 

18.17 

18.92 

22.42 

25.08 

23.25 

10.50 

18.92 

19.83 

19.92 

18.42 

18.17 

24.... 

19.00 

18.00 

18.92 

22.75 

25.00 

22.75 

19.50 

18.83 

19.50 

19.50 

18.33 

18.25 

25.... 

18.83 

18.00 

18.75 

23.00 

25.00 

22.83 

19.42 

18.75 

19.50 

19.33 

18.83 

18.08 

28.... 

18.75 

18.42 

19.83 

23.17 

25.17 

22.17 

19.42 

19.25 

19.25 

19.25 

18.42 

18.08 

27.... 

18.67 

18.42 

19.17 

23.00 

25.25 

21.75 

19. 42 

18.75 

19.00 

19.00 

18.60 

18.08 

28.... 

18.67 

18.33 

19.17 

22.83 

25.42 

21.67 

19.33 

18.67 

18.83 

19.00 

18.50 

18.08 

29..-. 

18.67 

18.02 

22.  60 

25.42 

21.67 

10.33 

18.75 

10.08 

19.00 

18.50 

18.08 

30.... 

18.50 

18.92 

22.42 

25.3.1 

21.67 

19.33 

18.75 

18.92 

18.83 

18.42 

18.08 

81.... 

18.42 

19.33 

25.25 

19.25 

18.75 

18.75 

18.00 
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ELKO   STATION  ON  HUMBOLDT  RITBB. 

This  station,  described  in  the  Eighteenth  Annoal  Keport,  Part  lY, 
page  299,  is  located  at  a  point  1  mile  southwest  of  the  town  of  Elko, 
Nevada.  The  gage  is  inclined,  fastened  to  iron  bolts  driven  into  the 
solid  rock,  and  placed  on  the  left  bank  immediately  below  the  bridge. 
The  bench  mark  is  on  the  southwest  corner  of  the  cofferdam  surroimd- 
ing  a  stone  pier  of  the  bridge,  80  feet  north  of  the  gage,  and  is  at  an 
elevation  of  7.5  feet  above  zero  on  the  gage.  The  channel  is  straight 
both  above  and  below  this  point;  the  right  bank  is  quite  low,  but  the 
left  is  high  and  rocky.  The  bed  of  the  stream  is  of  gravel  and  sand, 
shifting  slightly.  The  observer  is  John  Garrecht.  The  following  dis- 
charge measurements  were  made  in  1897  by  L.  H.  Taylor: 

March  23,  gage  height,  2.80  feet;  discharge,  140  second-feet. 
April  9,  gage  height,  6.20  feet;  discharge,  1,276  second-feet. 
May  6,  gage  height,  7.20  feet;  discharge,  1,778  second-feet. 
June  22,  gage  height,  4.93  feet;  discharge,  773  second- feet. 
July  10,  gage  height,  3.30  feet;  discharge,  256  second-feet. 
July  26,  gage  height,  2.45  feet;  discharge,  88  second- feet. 
September  6,  gage  height,  1.80  feet;  discharge,  6  second-feet. 
November  30,  gage  height,  2.20  feet ;  discharge,  44  second-feet. 

Daily  gage  height,  in  feet,  of  Rumholdi  River  at  Elko,  Nevada,  for  1897, 


Day. 


2 

3 

4 

6 

7,.... 

9 

10 

11 

12 

14 

15 

17 

18 

19 

21 

23 

25 

2« 

27 

28 

29 

31 


Jon. 

Feb. 

Mar. 

Apr. 

Hay. 

2.50 

2.45 

2.66 

5.90 

6.80 

2.55 

2.45 

2.80 

4.80 

6.80 

2.46 

2.45 

2.80 

4.30 

6.90 

2.50 

2.60 

2.85 

4.40 

7.50 

2.50 

2.65 

2.80 

4.50 

7.90 

2.50 

2.70 

2.80 

4.60 

7.90 

2.50 

2.72 

2.80 

5.00 

7.90 

2.55 

2.90 

2.70 

5.60 

7.70 

2.50 

2.93 

2.70 

6.30 

7.55 

2.50 

2.95 

2.80 

6.40 

7.50 

2.40 

3.00 

2.85 

6.60 

7.50 

2.50 

2.95 

2.80 

6.80 

7.55 

2.40 

2.85 

2.70 

7.20 

7.50 

2.40 

2.70 

2.70 

7.40 

7.10 

2.30 

2.70 

2.70 

7.40 

7.20 

2.40 

2.65 

2.75 

7.20 

6.90 

2.40 

2.70 

2.86 

7.80 

6.80 

2.30 

2.45 

2.95 

7.80 

6.80 

2.40 

2.60 

3.00 

7.40 

7.00 

2.40 

2.70 

3.00 

7.90 

7.30 

2.37 

2.70 

3.00 

8.10 

7.36 

2.35 

2.60 

2.80 

8.20 

7.65 

2.30 

2.50 

2.90 

8.20 

7.70 

2.37 

2.50 

3.00 

7.80 

8.00 

2.40 

2.40 

3.60 

7.50 

8.25 

2.40 

2.50 

3.90 

7.20 

8.30 

2.42 

2.60 

4.30 

6.90 

8.40 

2.40 

2.70 

5.30 

6.00 

8.45 

2.40 

7.30 

6.70 

8.35 

2.42 

6.90 

6.70 

8.10 

2.40 

0.10 

7.90 

June. 


7.60 
7.45 
7.30 
7.20 
7.15 
6.80 
6.50 
6.40 
6.16 
6.95 
6.85 
6.80 
5.76 
5.60 
5.40 
5.40 
5.43 
5.55 
5.70 
5.60 
6.30 
6.00 
4.86 
4.60 
4.50 
4.20 
4.15 
4.16 
4.30 
4.26 


July. 

Aug. 

Sept. 

4.15 

2.20 

1.86 

4.15 

2.16 

1.85 

4.00 

2.15 

1.86 

3.95 

2.10 

1.85 

3.90 

2.10 

1.85 

3.80 

2.00 

1.80 

3.70 

2.00 

1.80 

8.60 

2.06 

1.80 

3.40 

2.00 

1.80 

3.35 

2.00 

1.80 

3.25 

2.00 

1.83 

3.15 

2.00 

1.80 

8.00 

1.95 

1.80 

2.96 

1.96 

1.80 

2.93 

1.95 

1.80 

2.80 

1.95 

1.80 

2.90 

1.95 

1.80 

2.80 

1.90 

1.80 

2.80 

1.86 

1.80 

2.70 

1.8a 

1.80 

2.70 

1.85 

1.80 

2.66 

1.85 

1.80 

2.60 

1.87 

1.80 

2.60 

1.87 

1.80 

2.66 

1.87 

1.80 

2.60 

1.87 

1.80 

2.40 

1.87 

1.77 

2.85 

1.87 

1.77 

2.20 

1.87 

1.77 

2.30 

1. 85  i  1. 75  1 

2.26 

1.85 

Oct 


1.76 
1.75 
1.75 
1.75 
1.60 
1.80 
1.86 
1.90 
1.90 
2.00 
1.95 
1.95 
1.05 
2.00 
2.00 
2.00 
2.00 
2.00 
2.00 
2.05 
2.05 
2.10 
2.05 
2.05 
2.06 
2.00 
2.10 
2.16 
2.06 
2.05 
2.10 


Nov. 


2.10 
2.10 
2.15 
2.15 
2.15 
2.20 
2.20 
2.25 
2.25 
2.25 
2.26 
2.25 
2.20 
2.26 
2.25 
2.90 
2.30 
2.80 
2.30 
2.30 
2.80 
2.30 
2.35 
2.40 
2.85 
2.35 
2.35 
2.80 
2.25 
2.30 


Dec. 


2.3S 

1» 

2.40 

2.45 

2.50 

145 

2.50 

150 

110 

IW 

100 

170 

ISO 

1») 

120 

140 

110 

160 

110 

160 

160 

150 

100 

165 

150 

145 

150 

140 
140 
140 
140 
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BATTLE  MOUNTAIN  STATION  ON  HUMBOLDT  RIYER. 

This  station,  described  in  the  Eighteenth  Anuaal  Beport,  Part  IV, 
[>age  302,  is  located  at  the  county  high^vay  bridge,  three-fourths  of  a 
mile  northeast  of  the  town  of  Battle  Mountain,  Nevada.  0.  B.  Taylor 
is  the  observer.  The  gage  is  vertical  and  is  spiked  to  the  timber  wing 
wM  immediately  above  the  bridge,  on  the  left  bank.  The  bench  mark 
is  on  a  spike  in  the  tie  beam  at  the  east  side  of  the  bridge  near  the 
south  end,  at  an  elevation  of  10  feet  above  zero  on  the  gage.  The  chan- 
nel is  curved  at  this  point  and  the  banks  are  low  and  liable  to  overflow 
At  high  water.  There  are  also  several  sloughs  or  side  channels,  so  at 
extreme  high  water  it  is  difficult  to  obtain  an  accurate  measurement  of 
tihe  flow  of  the  stream.  The  bed  of  the  stream  is  of  sand  and  gravel 
and  shifts  considerably.  The  following  discharge  measurements  were 
made  in  1897  by  L.  H.  Taylor: 

March  17,  gage  height,  2.85  feet;  discharge,  276  second-feet. 
April  4,  gage  height,  6.10  feet ;  discharge,  944  second-feet. 
April  10,  gage  height,  7.10  feet;  discharge,  1,557  second- feet. 
April  15,  gage  height,  8.30  feet;  discharge,  2,454  second-feet. 
May  26,  gage  height,  8.60  feet;  discharge,  2,870  second-feet. 
Jnne  24,  gage  height, 6.70  feet;  discharge,  1,394  second-feet. 
Jnly  6,  gage  height,  4.70  feet;  discharge,  711  second- feet. 
Jnly  21,  gage  height,  2.55  feet;  discharge,  306  second -feet. 
August  20,  gage  height^  0.85  foot;  discharge,  16  second-feet. 
September  23,  gage  height,  0.45  foot;  discharge,  4  second-feet. 

Dailtf  gage  hmghi,  in  feet,  of  Humboldt  Biver  at  Battle  Mountain,  Nevada,  for  1897. 


Day. 

Jan. 

Feb. 

Mar. 

Apr. 

May. 

June.  July. 

1 

Aug. 

Sept. 

Oct. 

Nov. 

1.55 
1.65 
1.60 
1.60 
1.60 
1.65 
1.65 
1.66 
1.65 
1.65 
1.70 
1.70 
1.70 
1.70 
1.70 
1.70 
1.70 
1.75 
1.75 
1.75 
1.75 
1.80 
1.80 
1.80 
1.86 
1.85 
1.90 
1.05 
1.90 
1.95 

Dec. 

1 

2.20 
2.20 
2.25 
2.25 
2.25 
2.15 
2.15 
2.10 
2.10 
2.20 
2.20 
2.20 
2.20 
2.20 
2.20 
2.20 
2.10 
2.10 
2.20 
2.15 
2.15 
2.10 
2.00 
2.00 
2.10 
2.10 
2.15 
2.15 
2.20 
2.20 
2.20 

2.80 
2.  BO 
2.30 
2.35 
2.35 
2.20 
2.:J5 
2.  HO 
2.30 
2.35 
2,35 
2.35 
2.35 
2.35 
2.40 
2.40 
2.45 
2.50 
2.45 
2.45 
2.40 
2.40 
2.40 
2.35 
2.35 
2.35 
2.35 
2.40 

2.45 
2.45 
2.40 
2.40 
2.50 
2.50 
2.50 
2.70 
2.85 
2.60 
2.45 
2.45 
2.60 
2.00 
2.70 
2.8U 
2.85 
2.00 
2.90 
2.00 
2.65 
2.30 
3.0U 
2.80 
3.00 
3.10 
2.00 
3.00 
3.80 
8.70 
5.00 

6.80 
6.60 
6.00 
6.10 
6.10 
6.15 
6.30 
6.50 
6.90 
7.20 
7.60 
7.00 
8.10 
8.25 
8.35 
8.42 
8.47 
8.50 
8.55 
8.60 
8.63 
8.67 
8.70 
8.73 
8.70 
a  70 
8.68 
8.65 
8.63 
8.60 

8.58 
8.58 
8.57 
8.56 
8.56 
8.55 
8.54 
8.55 
8.56 
8.57 
8.58 
8.59 
a60 
8.55 
8.54 
8.54 
8.52 
8.50 
8.47 
8.45 
8.47 
8.50 
8.52 
8.55 
8.58 
8.60 
8.62 
8.65 
8.68 
8.70 
8.73 

8.76  1  5.26 
8. 80     6. 10 
8.76  1  5.00 
8. 73     A-  00 

1.60 

1.50 

1.45 

1.40 

1.30 

1.25 

1.20 

1.20 

1.16 

1.15 

1.10 

1.10 

1.05 

1.05 

1.05 

1.00 

1.00 

.95 

.00 

.00 

.85 

.85 

.80 

.80 

.75 

.75 

.70 

.70 

.65 

.65 

.60 

0.60 
.55 
.50 
.50 
.50 
.50' 
.50 
.50 
.50 
.50 
.50 
.50 
.50 
.50 
.50 
.60 
.50 
.45 
.45 
.45 
.45 
.45 
.45 
.45 
.46 
.45 
.50 
.50 
.60 
.60 

0.55 

.55 

.55 

.60 

.60 

.66 

.65 

.75 

1.20 

1.20 

1.00 

.00 

.00 

.90 

.05 

.05 

1.00 

1.00 

1.10 

1.10 

1.15 

1.20 

1.25 

1.30 

1.80 

1.36 

1.40 

1.40 

1.45 

1.60 

1.50 

2.00 
2.00 
2.00 
2.05 
2.05 
2.06 
2.  GO 
2.10 
2.10 
2.10 
2.20 
2.35 
2.40 
2.40 
2.50 
2.80 
2.70 
2.70 
2.70 
2.50 
2.66 
2.70 
2.70 
2.70 
2.75 
2.75 
2.75 
2.75 
2.80 
2.80 
2.00 

2 

8 

4 

5 

8.70 
8.66 
8.60 
8.56 
8.45 
8.30 
8.10 
7.05 
7.80 
7.70 
7.65 
7.60 
7.55 
7.50 
7.46 
7.30 
7.15 
7.00 
6.85 
6.70 
6.40 
6.20 
6.0O 
6.80 
5.60 
5.40 

4.80 
4.70 
4.60 
4.50 
4.40 
4.20 
4.00 
3.85 
3.75 
3.40 
3.20 
3.40 
4.80 
2.90 
2.75 
2.65 
2.55 
2.40 
2.30 
2.20 
2.10 
2.00 
2.00 
1.90 
1.85 
1.75 
1.70 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

28 

24 

25 

26 

27 

28 

29 

ao 

31 
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GOLCONDA  STATION  ON  HUMBOLDT  RIYBR. 

This  station,  described  in  the  Eighteenth  Annnal  Report,  Part  IV, 
page  303,  is  located  1:^  miles  northerly  from  the  town  of  Golconda, 
Nevada.  The  observer  is  L.  Dntertre,  a  farmer  and  merchant.  The 
gage  is  vertical  and  is  spiked  to  posts  driven  into  the  left  bank  of  the 
river.  There  are  two  bench  marks,  one  on  a  2  by  4  inch  post  drivea 
flush  with  the  ground  surface  20  feet  from  the  gage,  and  the  other  on 
a  large  spike  driven  into  a  post  which  is  firmly  set  about  15  feet  from 
the  gage.  The  first  is  at  an  elevation  of  10.55  feet  and  the  second  13.70 
feet  above  zero  on  the  gage.  Measurements  are  made  from  a  cable 
and  suspended  car.  The  channel  is  nearly  straight  for  about  400  feet 
The  banks  are  moderately  high,  but  liable  to  overflow  at  extreme  flood 
stages,  perhaps  once  in  four  or  five  years.  The  bed  of  the  stream  is  d 
gi*avel  and  sand,  shifbing  somewhat.  The  following  discharge  measure- 
ments were  made  in  1897  by  L.  H.  Taylor : 

March  24,  gage  height,  2.80  feet ;  discbarge,  207  second-feet. 
April  9,  gage  height,  5.30  feet ;  discharge,  650  second-feet. 
April  21,  gage  height,  7.05  feet;  discharge,  1,363  second-feet. 
Jane  2,  gage  height,  9.20  feet ;  discharge,  2,608  second-feet. 
June  27,  gage  height,  6.87  feet;  discharge,  1,198  second-feet. 
Jnly  5,  gage  height,  5.65  feet;  discharge,  796  second-feet. 
July  30,  gage  height,  2.90  feet ;  discharge,  251  second-feet. 
August  10,  gage  height,  1.94  feet;  discharge,  124  second- feet. 
September  13,  gage  height,  0.70  foot;  discharge,  7  second- feet. 
November  2,  gage  height,  1.20  feet;  discharge,  43  second-feet. 
November  27,  gage  height,  1.75  feet;  discharge,  89  second-feet. 

Daily  gage  hHgkt,  in  feet,  of  Humboldt  Birer  at  Golconda,  Nevada,  for  1S97. 


Day. 

Jan. 

Peb. 

Mar. 

Apr. 

May. 

June. 

I 

2.20 
2.20 
2.20 

2.50 
2.40 
2.45 

2.85 
2.90 
2.00 

3.80 
4.40 
4.80 

9.95 

9.95 

10.00 

9.20 
9.25 
9.25 

2 

8 

i 

2.20 
2.20 

2.50 
2.65 

2.05 
2.85 

5.00 
5.10 

9.90 
9.90 

9.30 
9.40 

6 

6 

2.20 

2.60 

2.80 

5.40 

9.80 

9.50 

7 

2.20 

2.50 

2.80 

5.40 

9.75 

9.55 

8 

2.20 

2.50 

2.85 

5.40 

9.70 

9.65 

9 

2.20 

2.60 

2.90 

5.30 

9.60 

9.75 

10 

2.20 

2.60 

2.90 

5.40 

9  55 

9  65 

11 

2.20 

2.65 

3.20 

5.50 

9.50 

9.55 

12 

2.20 

2.70 

2.10 

5.70 

9.50 

9.40 

13 

2.25 

2.70 

2.00 

5.75 

9.50 

9.40 

14 

2.30 

2.70 

2.90 

5.80 

9.50 

9.20 

16 

2.30 

2.80 

2.90 

5.90 

9.50 

9.00 

16 

2.30 

2.90 

2.90 

6.10 

9.50 

8.80 

17 

2.30 

3.00 

2.90 

6.40 

9.50 

8.60 

18 

2.30 

3.00 

2.80 

6.50 

9.50 

8.40 

19 

2.25 

2.90 

2.85 

6.80 

9.50 

8.10 

20 

2.25 

2.85 

2.90 

6.90 

9.50 

7.80 

21 

2.30 
2.20 

2.95 
2.85 

2.95 
2.95 

7.00 
7.40 

9.50 
9.50 

7.70 
7.60 

22 

23 

2.10 

2.80 

2.95 

7.60 

9.45 

7.40 

24 

2.15 

2.70 

2.90 

8,00 

9.40 

7.20 

25 

2.20 

2.70 

3.00 

8.10 

9.30 

7.20 

28 

2.30 

2.75 

3.50 

8.50 

9.30 

7.00 

27 

2.80 

2.90 

3.50 

8.80 

9.30 

6.90 

28 

2.70 

2.80 

3.10 

9.15 

9.25 

6.70 

29 

2.40 

3.10 

9.50 

9.20 

6.60 

30 

2.30 

8.30 

9.80 

9.10 

6.40 

81 

2.35 

3.50 

9.15 

July.  Aug. 


6.20 
5.90 
5.90 
5.70 
5.60 
5.50 
5.35 
5.20 
5.15 
4.95 
4.90 
4.85 
5.85 
4.80 
4.60 
4.40 
4.20 
4.00 
3.90 
3.80 
3.75 
3.60 
3.50 
3.40 
3.45 
3.30 
3.^ 
3.10 
3.00 
2.90 
2.80 


2.70 
2.  GO 
2.50 
2.40 
2.30 
2.25 
2.20 
2.15 
2.10 
1.95 
1.86 
1.80 
1.75 
1.70 
1.65 
1.65 
1.60 
1.55 
1.50 
1.45 
1.40 
1.80 
1.80 
1.36 
1.40 
1.40 
1.36 
1.86 
1.80 
1.25 
1.20 


Sept. 


1.10 
1.00 
1.00 
1.00 
1.00 
1.00 
.95 
.90 
.85 
.80 
.80 
.76 
.70 
.70 
.70 
.70 
.70 
.70 
.70 
.70 
.65 
.66 
.65 
.60 
.00 
.60 
.60 
.66 
.66 
.56 


Oct. 


0.60 

.50 

.50 

.50 

.60 

.50 

.50 

1.80 

1.50 

1.30 

1.30 

1.20 

1.20 

1.10 

1.00 

.90 

.80 

.80 

.80 

.75 

.80 

.80 

.80 

.80 

.80 

.85 

.95 

.95 

.90 

1.00 

1.00 


Nov.!  Dec. 


1.10 

1.20 

1.25 

1.30 

1.40 

1.45 

1.50 

1.50 

1.50 

1.55 

1.56 

1.55 

1.55 

1.60 

1.60 

1.65 

l.«5 

1.65 

1.65 

1.70 

L70 

1.75 

L75 

1.85 

1.W 

l.»5 

1.M 

L90 

1.90 

L95 


100 
2.00 
100 
100 
100 
110 
110 
120 
190 
140 
145 
150 

IM 
110 
100 
1» 
t» 
l» 
105 
155 

l« 
lfi» 

lis 

105 
170 
1» 

i7i 

170 

iw 
iw 

175 
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OBEANA  STATION  ON  HUMBOLDT  RIVER. 

[7hi8  station,  described  in  the  Eighteenth  Annual  Beport,  Part  lY, 
^e  306,  is  located  at  the  old  Oreana  highway  bridge,  about  12  miles 
rtheast  of  Lovelocks,  !N'evada.  The  observer  is  Joe  Bodgers,  section 
eman  of  the  Central  Pacific  Railroad.  The  bridge  abntment  to 
ich  the  gage  was  fastened  was  undermined  and  fell  May  26, 1897.  A 
iiporary  gage  was  used  until  September  8, 1897,  when  a  new  inclined 
)  was  placed  on  the  left  bank  of  the  river  about  a  mile  and  a  half 
>ve  the  site  of  the  old  gage  and  opposite  the  section  house.  It  is 
de  of  a  2  by  4  inch  pine  timber  spiked  to  posts  driven  well  into  the 
ik.  The  bench  mark  is  a  10  by  10  inch  post  near  the  left  bank  of 
)  river  about  40  feet  below  the  gage,  and  its  elevation  is  10.0  feet 
>ve  the  zero.  The  channel  here  is  straight  for  about  500  feet  above 
)  g^g^  and  for  about  150  feet  below.  The  station  is  provided  with  a 
>le  and  car.  The  river  banks  are  high  and  not  liable  to  overflow, 
e  bed  of  the  stream  is  sandy  and  shifting.  The  following  measure- 
nts  were  made  in  1897  by  L.  H.  Taylor: 

[arch  25,  gage  height,  3.85  feet;  discharge,  203  second- feet, 
.pril  22,  gage  height,  6.70  feet;  discharge,  1,037  second-feet, 
.pril  30,  gage  height,  9.35  feet;  discharge,  1,939  second-feet, 
(ay  14,  gage  height,  11.70  feet;  discharge,  2,932  second-feet, 
une  26,  gage  height,  8.75  feet ;  discharge,  1,910  second-feet, 
nly  9,  gage  height,  6.80  feet;  discharge,  1,169  second-feet, 
aly  22,  gage  height,  5.00  feet;  discharge,  625  second-feet, 
•eptember  9,  gage  height,  2.50  feet;  discharge,  59  second- feet. 
Tovember  7,  gage  height,  2.10  feet;  discharge,  25  second-feet. 

Daily  gage  height,  in  feet,  of  Humboldt  River  at  Oreana,  Nevada,  for  1897, 


Day, 


L. 

2.. 

3.. 

4.. 

5.. 

6.. 

7.. 

6.. 

9.. 
10.. 
11.. 
12.. 
13.. 
U.. 
15.. 
10.. 
17., 
18.. 
10.. 
20.. 
2L. 
22.. 
23.. 

il5.. 
26.. 
27.. 
28.. 
28.. 

ao.. 
ai.. 


Jan. 


Feb. 


2.80 
2.80 
2.80 
2.80 
2.90 
2.90 
2.90 
2.90 
2.95 
2.90 
2.90 
2.90 
3.00 
3.00 
8.00 
3.00 
3.10 
3.10 
3.10 
8.10 
3.10 
3.20 
3.20 
3.20 
3.30 
3.30 
3.20 
8.20 
3.30 
8.40 
3.30 


3.30 
3.80 
3.20 
3.30 
3.40 
3.40 
3.40 
8.40 
3.50 
3.60 
3.40 
3.40 
3.50 
3.50 
3.50 
3.50 
3.50 
3.50 
3.60 
3.60 
8.60 
3.60 
3.70 
3.70 
3.70 
3.80 
3.80 
3.80 


Mar. 


8.80 
3.80 
8.90 
3.80 
8.80 
3.80 
3.80 
3.80 
8.85 
3.80 
3.90 
3.90 
3.85 
3.80 
3.80 
3.90 
3.80 
3.85 
8.80 
3.80 
3.80 
3.80 
3.80 
3.85 
3.86 
8.90 
3.90 
4.00 
4.10 
4.30 
4.45 


Apr. 


May. 


4.50 
4.60 
4.60 
4.70 
4.80 
4.90 
5.00 
5.10 
5.20 
5.20 
6.20 
5.30 
5.40 
5.40 
5.60 
5.80 
5.80 
5.90 
6.00 
6.40 
6.50 
6.80 
7.10 
7.50 
8.05 
8.50 
8.80 
9.10 
9.30 
9.60 


9.80 
9.90 
10.30 
10.50 
10.80 
11.00 
11.20 
U.40 
11.70 
11.80 
11.90 
12.00 
11.90 
11.75 
11.80 
11.60 
11.40 
11.20 
11.  UO 
11.00 
10.90 
10.90 
10.90 
10.90 
10.90 
10.90 
10.90 
10.90 
10.90 
10.80 
10.80 


June. 

July. 

Ang. 

10.60 

8.10 

4.20 

10.40 

7.85 

4.10 

10.30 

7.60 

4.10 

10.20 

7.40 

4.10 

10.10 

7.20 

4.00 

10.10 

7.10 

3.90 

10.10 

7.00 

3.90 

10.00 

6.95 

3.80 

9.90 

6.80 

3.80 

9.90 

6.60 

3.70 

9.80 

0.40 

3.60 

9.80 

0.30 

3.50 

9.80 

6.10 

3.40 

9.80 

6.00 

3.40 

9.80 

5.90 

3.30 

9.80 

5,80 

3.20 

9.80 

5.60 

3.10 

9.70 

5.50 

3.10 

9.70 

5.40 

3.10 

9.60 

6.20 

3.10 

9.40 

5.10 

3.10 

9.30 

5.00 

3.  GO 

9.00 

4.90 

3.00 

8.90 

4.80 

2.90 

8.80 

4.80 

2.80 

8.70 

4.70 

2.70 

8.60 

4.60 

2.70 

8.50 

4.50 

2.60 

8.40 

4.40 

2.60 

8.20 

4.30 

2.60 

4.20 

2.60 

Sept. 


2.60 
2.55 
2.55 
2.55 
2.55 
2.50 
2.50 
2.60 
2.50 
2.50 
2.46 
2.45 
2.46 
2.45 
2.45 
2.45 
2.40 
2.40 
2.40 
2.40 
2.40 
2.40 
2.40 
2.40 
2.40 
2.35 
2.35 
2.35 
2.35 
2.30 


Oct. 


2.30 
2.30 
2.30 
2.30 
2.30 
2.25 
2.35 
2.50 
2.40 
2.35 
2.30 
2.80 
2.30 
2.30 
2.25 
2.25 
2.25 
2.20 
2.20 
2.20 
2.20 
2.15 
2.15 
2.15 
2.15 
2.10 
2.10 
2.10 
2.05 
2.06 
2.05 


Nov. 


2.06 
2.05 
2.05 
2.10 
2.10 
2.10 
2.10 
2.10 
2.15 
2.15 
2.15 
2.15 
2.20 
2.20 
2.20 
2.25 
2.25 
2.25 
2.25 
2.30 
2.80 
2.30 
2.20 
2.30 
2.35 
2.35 
2.40 
2.40 
2.45 
2.45 


Doc. 


2.45 
2.50 
2.55 
2.60 
8.10 
8.00 
2.90 
2.95 
2.70 
2.70 
2.76 
2.75 
2.80 
2.80 
2.80 
2.80 
2.86 
2.85 
2.85 
2.80 
2.90 
2.90 
2.90 
2.90 
2.95 
2.96 
3.00 
8.00 
3.00 
3.05 
3.06 


i 
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mason's  ranch  STATION  ON  SOUTH  FORK  OP  HUMBOLDT  RIYBR. 

This  station,  deBcribed  in  the  Eighteenth  Annual  Beport,  Part  IV, 
page  311,  is  located  at  a  point  on  tlie  South  Fork  of  Humboldt  Biyer, 
about  10  miles  southwest  of  the  town  of  Elko,  Nevada,  and  about  6 
miles  above  its  junction  with  the  main  stream.  The  observer  is  Martin 
Mason,  a  farmer.  The  gage  is  inclined  and  spiked  to  posts  driyen 
firmly  into  the  right  bank.  There  is  one  bench  mark  ou  a  2  by  4  inch 
post  2^  feet  long  driven  flush  with  the  ground  10  feet  north  of  the  gage, 
and  having  an  elevation  of  7.50  feet  above  zero  ou  the  gage.  Measore- 
ments  are  made  from  a  cable  and  suspended  car  at  a  i>oiiit  1  mile  above 
the  gage,  the  latter  being  placed,  for  the  convenience  of  the  observer, 
near  his  farm.  At  the  point  of  measurement  the  banks  are  high  aiid 
the  channel  is  straight  for  over  600  ieet.  The  bed  of  the  stream  is  of 
rock  and  gravel  and  is  quite  stable.  The  following  discharge  measure- 
ments were  made  in  1897  by  L.  H.  Taylor: 

April  6y  gage  height,  1.96  feet;  dtacharge,  139  aocond-^Bet. 
^^y  7f  gage  height,  5.00  feet;  discharge,  1,128  second-feet. 
Jnne  9,  gage  height,  3.05  feet;  dlAchargo,  800  second- feet. 
•Tune  22,  gage  height,  2.30  feet;  discharge,  303  second-feet. 
Jnly  11,  gage  height,  1.75  feet;  discharge,  211  second-feet. 
Joly  26y  gage  height,  1.20  feet ;  discharge,  102  second-feet. 
September  24,  gage  height,  0.35  foot ;  discharge,  5  second-feet. 
October  10,  gage  height,  0.60  foot;  discharge,  19  second-feet. 
November  29,  gage  height,  0.90  foot;  discharge,  56  second-feet. 

Daily  gage  height,  in  fe^t,  of  South  Fork  of  Humboldt  Biver  at  Maoon'9  raiteA,  JVerwIa, 

for  1897. 


Day. 


1 

2 

b 

!•••••••»«••■ 

8 

9 

10 

12 

13 

U 

15 

16 

18 

19 

20 

21 

24 

m9 ••••••  ■•••■• 

27 

29 

30 

31 


Jan. 


1.20 
1.20 
1.25 
1.25 
1.80 
1.20 
1.20 
1.10 
1.00 

.83 
1.00 
1.10 
1.10 
1.15 
1.10 
1.20 

.80 

.75 
1.00 
1.10 
1.10 
1.15 
1.10 
1.15 
1.20 
1.20 

.80 
1.20 
1.20 
1.20 
1.20 


Feb. 


1.20 
1.30 
1.25 
J. 30 
1.40 
1.50 
1.40 
1.35 
1.30 
1.40 
J. 50 
1.25 
1.45 
1.50 
1.25 
1.30 
1.40 
1.40 
1.50 
1.55 
1.40 
1.45 
1.40 
1.50 
1.80 
1.25 
1.25 
1.30 


Mar. 

Apr. 

1.30 

2.20 

1.30 

1.85 

1.20 

1.80 

1.20 

1.80 

1.25 

1.95 

1.30 

1.95 

1.25 

2.10 

1.2U 

2,20 

1.20 

2.20 

1.25 

2.60 

1.30 

2.90 

1.30 

2.85 

1.30 

2.95 

1.20 

3.06 

1.20 

3.30 

1.25 

3.50 

1.40 

3.70 

1.36 

4.20 

1.30 

4.20 

1.30 

4.50 

1.36 

4.40 

1.25 

4.20 

1.85 

8.60 

1.65 

3.40 

2.40 

3.30 

2.40 

3.30 

2.26 

3.50 

3.20 

3.75 

3.50 

.3.85 

3.20 

3.95 

2.70 

May. 


Jane.  July.  I  Ang. 


Sept. 


4.00 
4.06 
4.15 
4.30 
4.50 
4.80 
5.00 
4.90 
4.56 
4.30 
4.16 
4.00 
3.95 
4.10 
4.25 
4.45 
4.55 
4.70 
4.80 
4.80 
5.20 
5.20 
5.40 
5.46 
5.50 
5.40 
5.06 
4.75 
4.60 
4.55 
4.60 


4.26 

8.90 
3.70 
3.56 
8.40 
3.30 
3.80 
3.40 
3.05 
3.60 
3.35 
3.25 
8.20 
3.20 
3.36 
8.26 
8.80 
2.90 
2.75 
2.55 
2.45 
2.35 
2.25 
2.25 
2.20 
2.20 
2.20 
2.10 
2.00 
1.95 


2.06 
2.00 
2.26 
2.10 
2.00 
1.96 
1.90 
1.86 
1.80 
1.75 
1.75 
1.70 
1.66 
1.60 
1.65 
1.65 
1.55 
1.50 
1.40 
1.20 
1.10 
1.10 
1.15 
1.10 
1.15 
1.20 
1.10 
1.05 
1.00 
.96 
.96 


0.90 
.85 
.85 
1.35 
1.80 
1.00 
.90 
.85 
.75 
.70 
.65 
.65 
.60 
.60 
.56 
.60 
.46 
.45 
.46 
.40 
.40 
.40 
.40 
.85 
.85 
.36 
.86 
.46 
.35 
.86 
.30 


0.30 
.30 
.80 
.80 
.80 
.80 
.80 
.80 
.80 
.30 
.80 
.80 
.85 
.85 
.86 
.86 
.86 
.86 
.35 
.85 
.86 
.85 
.85 
.86 
.35 
.85 
.85 
.85 
.40 
.40 


Oct. 


Nor. 


Dec. 


0.40 
.45 
.45 
.45 
.45 
.46 
.46 
.50 
.60 
.60 
.60 
.60 
.60 
.70 
.80 
.80 
.80 
.80 
.75 
.75 
.75 
.75 
.80 
.90 
.90 
.85 
.80 
.80 
.80 
.80 
.80 


0.80 
.80 
.80 
.85 
.85 
.85 


.85 


.90 
.90 
.90 
.80 
.86 

1.16 
.90 
.85 
.86 
.90 
.96 
.96 
.95 
.90 

1.60 

i.eo 

1.10 
.96 
.90 


1.00 

1.90 

.80 

.56 

.90 

1.00 

1.10 

1.10 

1.00 

1.25 

1.15 

1.90 

1.10 

1.06 

1.00 

1.00 

1.00 

1.00 

.95 

.90 

.90 

1.00 

1.00 


1.00 
1.60 
.90 
.90 
.95 
.90 
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BATTLE  GREEK  STATION  ON  BEAR  RIYEB. 

This  station,  described  in  the  Eighteenth  Annaal  Eeport,  Part  lY, 
page  313,  is  located  5  miles  northwest  of  Preston,  Idaho.  The  observer 
ia  John  A.  Nelson.  The  station  is  equipped  with  a  cable  and  car.  The 
gage  consists  of  a  vertical  board  nailed  to  a  pile.  The  bench  mark  is  a 
nail  in  the  southeast  comer  of  the  house  near  the  gage,  about  1.5  feet 
from  the  ground,  and  it  is  10.95  feet  above  the  zero  of  the  gage. 
The  following  discharge  measurements  were  made  by  Samuel  Fortier 
and  others  iu  1897 : 

May  20,  gage  height,  5.05  feet;  discharge,  5,700  second-feet. 
Juno  17,  gage  height,  3.50  feet;  discharge,  2,527  second-feet. 
Jnue  17,  gage  height,  3.50  feet;  discharge,  2,969  second-feet. 
July  28,  gage  height,  1.75  feet;  discharge,  917  secoud-fect. 
Aagnst  23,  gage  height,  1.57  feet;  discharge,  692  second-feet. 
Octoher  29,  gage  height,  1.90  feet;  discharge,  1,027  seoond-feet. 

Daily  gage  height,  in  feet,  of  Bear  Biver  at  Battle  Creeky  Idaho,  for  1897. 


Day. 

Jan. 

Feb. 

Mar. 

Apr. 
2.' 66' 

May.  Jane. 

1 

July. 

Ang. 

Sept 

Oct, 

Nov. 

Deo. 

1 

2 

3 

"ifw 

1.70 

4.00 
4.10 
4.20 
4.20 
4.30 
4.40 
4.50 
4.60 
4.50 
4.50 
4.60 
4.60 
4.60 
4.60 
4.60 
4.90 
6.00 
5.00 
5.00 
6.10 
5.10 
5.15 
5.20 
5.15 
6.20 
6.25 
5.30 
5.26 
5.15 
5.10 
5.10 

5.00 
4.00 
4.80 
4.70 
4.70 
4.70 
4.60 
4.60 
4.60 
4.40 
4.40 
4.40 
4.30 
4.30 
4.20 
4.10 
3.50 
3.40 
8.30 
3.20 
3.10 

2.50 
2.50 
2.45 
2.40 
2.40 
2.40 
2.40 
2.40 
•2.30 
2.20 
2.20 
2.20 
2.20 
2.20 
2.20 
2.20 
2.10 
2.00 
2.00 
2.00 
2.00 

1.70 
1.70 
1.70 
1.70 
1.70 
1.70 
1.70 

1.00 
1.60 
1.80 
1.70 
1.60 
1.60 
l.fio 

1.60 
1.00 
1.80 
1.80 
1.80 
1.80 
1.80 
1.80 
1.80 
1.80 
1.80 
1.80 
2.00 
2.20 
2.20 
2.10 
2.00 
2.00 
2.00 
2.00 
2.00 
2.00 
2.00 
2.00 
2.00 
2.00 
2.00 
2.00 
1.90 
1.90 
1.00 

1.90 
1.00 
1.00 
1.90 
1.90 
1.00 
1.90 
1.90 
1.90 
1.90 
1.90 
1.90 
1.90 
1.90 
1.90 
1.00 
1.90 
1.90 
1.90 
1.90 
2.00 
2.00 
2.10 
2.10 
2.00 
2.00 
2.00 
2.00 
2.00 
2.00 

1.90 
1.90 
1.90 
1.80 
1.70 
1.80 
1.90 
1.90 
1.90 
1.80 
1.90 
1.90 
1.80 
1.70 
1.80 
1.80 
1.70 
1.63 
1.60 
1.70 
1.70 
1.80 
1.80 
1.80 
1.80 
1.80 
1.80 
1.80 
1.80 
1.90 
1.90 

4 

5 

1.70 

6 

7 

1.80 

1.70 

1.70 

8 

1.70  1  i.oo 
1.70     1.60 

9 

1.80 

1.70 

10 

2.50 
2.60 
2.70 
2.b0 
2.00 
3.00 
3.10 
3.20 
3.30 
3.40 
3.60 
3.60 
3.70 
3.80 
3.00 
4.00 
4.20 
4.80 
4.40 
4.80 
4.20 

1.70 
1.70 
1.70 
1.70 
1.70 
1.70 
1.70 
1.70 
1.70 
1.70 
1.70 
1.60 
1.60 
1.60 
1.60 
1.60 
1.60 
1.00 
1.60 
1.60 
1.60 
1.60 

1.60 
1.60 
1.60 
1.60 
1.60 
1.60 
1.60 
1.60 
1.60 
1.60 
1.60 
1.60 
1.60 
1.60 
1.60 
1.60 
1.60 
1.60 
l.GO 
1.60 
1.60 

11 

12 

1.70 

13 

14 

15 

1.70 

16 

17 

1.80 

18 

19 

20 

21 

1.70 

1.70 

22 

3.00  1  1-fiO 

23 

24 

1.80 

3.00 
3.00 
2.00 
2.90 
2.80 
2.65 
2.60 
2.55 

1.90 
1.80 
1.90 
1.80 
1.80 
1.80 
1.80 
1.80 
1.80 

25 

26 

27 

28 

1.70 

29 

2.00 

90 

31 

1.70 
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LOaAN  STATION  ON  LOGAN  BrTBR. 

This  station,  described  in  the  Eighteenth  Annual  Beport,  Part  IT, 
page  316,  is  located  in  the  river  canyon  abont  2  miles  east  of  the  city 
of  Logan,  Utah.  The  gage  is  a  vertical  iron  post  set  firmly  into  the 
ground  and  graduated  to  tenths  of  a  foot.  The  equipment  consisi^t 
of  a  cable,  car,  and  tag  wire.  The  observer  is  J.  S.  Pehrson,  living 
about  one-half  mile  from  the  gage.  The  bench  mark  is  a  stone  35  feet 
northeast  of  the  end  of  the  cable  on  the  north  side  of  the  river.  The 
elevation  is  14.01  feet  above  datum.  The  point  of  the  rock  and  the  letters 
*^  B.  M."  are  marked  with  red  paint.  The  following  discharge  measure- 
ments were  made  by  Samuel  Fortier  and  others  in  1897: 

Hay  If  gage  height,  4.13  feet ;  discharge^  1,210  second-feet. 
May  29,  gage  height,  4.60  feet;  discharge,  1,336  second-feet. 
Jane  17,  gage  height,  4.15  feet;  discharge,  1,097  second- feet. 
July  20,  gage  height,  3.20  feet;  discharge,  478  second- feet. 
July  26,  gage  height,  3.10  feet;  discharge,  413  second-feet. 
August  21,  gage  height,  2.85  feet;  discharge,  305  second- feet. 
August  30,  gage  height,  2.80  feet ;  discharge,  298  second-feet. 
September  13,  gage  height,  2.80  feet ;  discharge,  284  second-feet. 
November  12,  gage  height,  2.66  feet;  discharge,  219 second-feet. 
November  16,  gage  height,  2.66  feet;  discharge,  219 second-feet. 

Daily  gage  height,  in  feet,  of  Logan  River  at  Logan,  Utah,  for  J897, 


D»y. 

Jan. 
2.46 

Feb. 

Mar. 

Apr. 

May. 

JnnA. 

July. 

Aug. 

Sept. 

Oct. 

Nov. 

Dec. 

1 

3.80 
3.90 
4.10 
4.20 
4.10 
4.20 
4.15 
3.95 
3.80 
3.80 
3.75 
3.80 
3.90 
4.10 
4.15 
4.20 
4.00 
4.20 
4.40 
4.90 
4.90 
4.75 
4.80 
4.80 
4.80 
4.80 
4.70 
4.55 
4.50 
4.55 
4.70 

4.76 
4.05 
4.45 
4.80 
4.25 
4.15 
4.15 
4.20 
4.20 
4.15 
4.10 
4.10 
4.05 
4.06 
4.05 
4.10 
4.00 
3.85 
3.80 
3.75 
3.76 
8.76 
3.75 
8.75 
3.70 
3.65 
3.65 
3.60 
3.65 
3.65 

8.50 
3.60 
3.56 
3.50 
3.45 
3.46 
3.46 
3.40 
8.36 
3.36 
3.80 
3.30 
3.25 
8.25 
8.25 
3.25 
3.25 
3.20 
8,20 
3.20 
3.20 
3.15 
3.16 
3.10 
8.10 
3.10 
3.10 
3.10 
3.05 
3.05 
3.05 

3.06 
3.06 
8.00 
8.00 
8.00 
8.00 
8.00 
8.06 
3.00 
8.00 
2.75 
2.75 
2.75 
2.95 
2.95 
2.96 
2.90 
2.90 
2.90 
2.90 
2.85 
2.85 
2.85 
2.86 
2.85 
2.85 
2.85 
2.85 
2.85 
2.80 
2.80 

2.80 
2.80 
2.00 
2.86 
2.75 
2.75 
2.75 
2.75 
2.76 
2.75 
2.76 
2.75 
2.76 
2.75 
2.76 
2.75 
2.75 
2.76 
2.75 
2.76 
2.76 
2.76 
2.76 
2.80 
2.76 
2.75 
2.75 
2.75 
2.76 
2.75^ 

2.80 
2.80 
2.80 
2.80 
2.76 
2.75 
2.76 
2.75 
2.76 
2.75 
2.76 
2.76 
2.76 
2.76 
2.75 
2.75 
2.75 
2.76 
2.76 
2.76 
2.76 
2.76 
2.76 
2.80 
2.75 
2.70 
2.70 
2.70 
2.70 
2.70 
2.70 

2.70 
2.70 
2.70 
2.70 
2.70 
2.70 
2.70 
2.66 
2.65 
2.65 
2.70 
2.70 
2.70 
2.70 
2.65 
2.65 
2.65 
2.65 
2.66 
2.66 
2.66 
8.65 
2.65 
2.66 
2.65 
2.65 
2.65 
2.66 
2.66 
2.66 

2.65 
2.65 
2. 63 
2.60 
2.60 
2.60 
2.60 
2.60 
2.56 
2.60 
2.60 
2.60 
2.60 
2.60 
2.56 
2.55 
2.55 
2.56 
2.60 
2.50 
2.50 
2.50 
2.50 
2.45 
2.50 
2.50 
2.56 
2.50 
2.55 
2.65 
2.50 

2 

2.46 

8 

• 

4 

6 

2.45 

2.40 

6 

7 

8 

9 

10 

2.46 

2.50 

11 

12 

2.46 

2.40 

18 

14 

15 

2.75 
2.80 
2.95 
3.05 
3.40 
3.35 
3.15 
3.05 
2.95 
2.00 
3.00 
3.15 
3.35 
3.50 
3.70 
3.75 

16 

2.46 

17 

18 

19 

2.45 

2.40 

20 

21 

22 

23 

2.45 

24 

25 

26 

2.40 

2.50 

27 

28 

29 

2.45 

30 

31 
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COLLINSTON  STATION  ON  BEAR  RIYBR. 

This  station,  described  in  the  Eighteenth  Annual  Beport,  Part  lY, 
page  319,  is  located  in  the  canyon  below  Cache  Valley,  Utah,  abont  4 
miles  from  the  railroad  station  of  Gollinstoii  or  2  miles  east  of  the  town 
of  Fielding,  Utah.  The  observer  is  Robert  Anglesey,  who  is  the  ditch 
rider  of  the  Bear  Eiver  Canal  and  lives  near  the  station.  The  gage 
consists  of  a  vertical  iron  rod,  graduated  to  tenths  of  a  foot.  The  bench 
mark  is  a  nail  in  an  oak  post  20  feet  west  of  the  gage  and  20  feet  north 
of  the  cable.  Its  elevation  is  7.35  feet  above  the  zero  of  the  gage. 
The  chief  source  of  error  at  this  station  is  the  large  rocks  which  are 
scattered  over  the  bed.  The  following  discharge  measurements  were 
made  in  1897  by  T.  H.  Humphreys  and  W.  B.  Dougall : 

May  3,  gage  height;  5.96  feet;  discharge,  8,344  second-feet. 
May  3,  gago  height,  5.95  feet;  discharge,  8,445  second-feet. 
May  28,  gage  height,  6.60  feet;  discharge,  10,241  second-feet. 
Jnne  19,  gage  height,  4.03  feet;  discharge,  3,822  second-feet. 
Jnly  28,  gage  height,  1.80  feet;  discharge,  1,274  second-feet. 
Angast  16,  gage  height,  1.70  feet;  disQharge,  1,084  second-feet. 

Dailif  gage  keighif  in  feet,  of  Bear  River  at  CollinsUm,  Utah,  far  1897. 


Bay. 

Jan. 

Feb. 

Mar. 

Apr. 

May. 

June. 

Jnly. 

Ang. 

Sept 

Oct. 

Nov. 

Dec. 

1 

2.00 

i'oo* 
*2.*o6' 

2.00 

2.60 
2.40 
2.30 
2.60 
3.00 
3.40 
8.60 
3.60 
3.80 
4.00 
4.60 
6.00 
4.80 
4.80 
4  80 
4.80 
4.80 
6.00 
5.20 
5.40 
6.60 
5.70 
6.90 
6.10 
5.80 
5.70 
5.70 
5.80 
'5.90 
5.95 

6.00 
6.00 
5.90 
6.00 
6.00 
6.20 
G.40 
6.50 
6.60 
6.40 
6.20 
6.10 
6.00 
6.00 
6.00 
6.10 
6.J5 
6.20 
6.30 
6.50 
6.60 
6.70 
6.80 
6.80 
6.80 
6.80 
6.70 
6.70 
6.60 
6.55 
6.40 

6.30 
6.20 
6.10 
6.00 
6.90 
6.80 
6.60 
5.40 
6.20 
6.10 
6.00 
4.00 
4.90 
4.80 
4.60 
4.70 
4.60 
4.40 
4.20 
4.00 
3.80 
3.60 
3.50 
3.40 
3.80 
3.20 
3.10 
3.05 
3.00 
3.00 

3.00 
3.00 
3.00 
2.95 
2.90 
2.85 
2.80 
2.65 
2.65 
2.50 
2.45 
2.40 
2.  .36 
2.30 
2.20 
2.15 
2.10 
2.00 
2.00 
2.00 
2.00 
2.00 
2.00 
2.00 
2.00 
2.00 
1.90 
1.85 
1.80 
1.75 
1.70 

1.70 
1,70 
1.70 
1.70 
1.70 
1.70 
1.70 
1.70 
1.70 
1.70 
1.70 
1.70 
1.70 
1.70 
1.70 
1.66 
1.65 
1.65 
1.60 
1.60 
1.60 
1.60 
1.60 
1.55 
1.55 
1.55 
1.65 
1.50 
1.50 
1.50 
1.65 

1.60 
1.60 
1.60 
1.63 
1.70 
1.80 
1.80 
1.80 
1.80 
1.80 
1.80 
1.80 
1.85 
1.85 
1.85 
1.85 
1.90 
1.86 
1.85 
1.80 
1.80 
1.80 
1.80 
1.80 
1.80 
1.80 
1  80 
1.85 
1.85 
1.90 

1.90 
1.90 
1.90 
1.85 
1.85 
1.90 
2.00 
2.10 
2.16 
2.20 
2.25 
2.30 
2.36 
2.40 
2.45 
2.50 
2.50 
2.50 
2.46 
2.45 
2.50 
2.60 
2.50 
2.50 
2.60 
2.45 
2.45 
2.40 
2.36 
2.30 
2.20 

2.20 
2.10 
2.10 
2.10 
2.10 
2.00 
1.90 
1.80 
1.80 
1.80 
1.80 
1.80 
1.80 
J. 00 
1.90 
1.90 
1.90 
1.90 
1.90 
1.90 
1.90 
1.90 
1.90 
1.90 
1.90 
1.90 
1.90 
1.85 
1.90 
1.85 

1.85 
1.85 
1.86 
1.86 
1.05 
1.96 
1.96 
1.95 
2.06 
2.06 
2.06 
2.16 
2.25 
2.20 
2.26 
2.25 
2.25 
2.20 
2.20 
2.20 
2.30 
2.10 
2.45 
2.40 
2.66 
X.60 
2.30 
2.20 
2.16 
2.15 
2.20 

2 

2.00 

3 

4 

1.60 

2.00 

5 

6 

1.80 

.2.00 

7 

8 

2.10 

2.00 

0 

2.20 

10 

2.20 

2.00 

11 

2.10 

12 

18 

2.00 
2.00 

i'oo' 
*2.*6o' 

2.' 00* 

2.00 

2.00 

2.00 

2.00 

2.00 

2.00 

2.00 

2.00 

2.00 

2.00 

2.00 

2.00 

2.10 

2.20 

2.20 

2.60 

3.00 

2.80 

14 

16 

2.20 

18 

17 

2.00 

18 

19 

2.00 

20 

21 

1.90 

2.00 

22 

2.00 

'i'oo' 

23 

2.00 
2.00 

24 

25 

26 

27 

2.0U 

i'oo" 

28 

29 

2.00 

30 

31 

2.00 
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OPERATIONS  AT   RIVER   STATIONS,  1897. 


LOGAN  STATION  ON  LOOAN  BIVBR. 

This  station,  described  in  the  Eighteenth  Annual  Report,  Part  IV, 
page  316,  is  located  in  the  river  canyon  abont  2  miles  east  of  the  city 
of  Logan,  Utah.  The  gage  is  a  vertical  iron  x>ost  set  firmly  into  the 
ground  and  graduated  to  tenths  of  a  foot.  The  equipment  consist^i 
of  a  cable,  car,  and  tag  wire.  The  observer  is  J.  S.  Pehrson,  living 
about  one-half  mile  from  the  gage.  The  bench  mark  is  a  stone  35  feet 
northeast  of  the  end  of  the  cable  on  the  north  side  of  the  river.  The 
elevation  is  14.01  feet  above  datum.  The  point  of  the  rock  and  the  letters 
'<  B.  M."  are  marked  with  red  paint.  The  following  discharge  measure- 
ments were  made  by  Samuel  Fortier  and  others  in  1897: 

May  7,  gage  height,  4.13  feet;  discharge,  1,210  second-feet. 
May  29,  gage  height,  4.60  feet;  discharge,  1,336  second-feet. 
June  17y  gage  height,  4.15  feet;  discharge,  1,097  second- feet. 
July  20,  gage  height,  3.20  feet;  discharge,  478  second-feet. 
Jnly  26,  gage  height,  3.10  feet;  discharge,  413  second-feet. 
August  21,  gage  height,  2.85  feet;  discharge,  305  second-feet. 
August  30,  gage  height,  2.80  feet;  discharge,  298  second-feet. 
September  13,  gage  height,  2.80  feet ;  discharge,  284  second- feet. 
November  12,  gage  height,  2.66  feet;  discharge,  219 second-feet. 
November  16,  gage  height,  2.66  feet;  discharge,  219 second-feet. 

Daily  gage  height,  infect,  of  Logan  Biver  ai  Logan,  Utah,  for  1897. 


Day. 

Jan. 

Feb. 

Mar. 

Apr. 

♦ 

May. 

JanA. 

July. 

Aug. 

Sept. 

Oct. 

Nov.! 

Dec. 

1 

2.45 

B 

3.80 
3.90 
4.10 
4.20 
4.10 
4.20 
4.15 
8.95 
3.80 
3.80 
3.75 
3.80 
3.90 
4.10 
4.15 
4.20 
4.00 
4.20 
4.40 
4.90 
4.00 
4.75 
4.80 
4.80 
4.80 
4.80 
4.70 
4.55 
4.50 
4.55 
4.70 

4.75 
4.65 
4.45 
4.80 
4.25 
4.15 
4.15 
4.20 
4.20 
4.15 
4.10 
4.10 
4.05 
4.06 
4.05 
4.10 
4.00 
3.85 
3.80 
.3.75 
3.75 
3.75 
3.75 
3.75 
3.70 
3.65 
3.65 
3.60 
3.56 
3.56 

8.50 
3.60 
3.55 
3.50 
3.46 
3.45 
8.45 
3.40 
3.35 
3.35 
8.80 
3.30 
3.25 
3.25 
3.25 
3.25 
3.25 
3.20 
3,20 
3.20 
3.20 
3.15 
3.15 
3.10 
3.10 
3.10 
3.10 
3.10 
3.05 
3.05 
3.06 

8.05 
8.05 
3.00 
8.00 
3.00 
3.00 
8.00 
8.05 
8.00 
3.00 
2.75 
2.75 
2.75 
2.95 
2.95 
2.95 
2.90 
2.90 
2.90 
2.90 
2.85 
2.85 
2.85 
2.85 
2.85 
2.85 
2.85 
2.85 
2.85 
2.80 
2.80 

2.80 
2.80 
2.90 
2.85 
2.75 
2.75 
2.75 
2.75 
2.75 
2.75 
2.75 
2.75 
2.75 
2.75 
2.75 
2.75 
2.75 
2.75 
2.76 
2.75 
2.75 
2.75 
2.75 
2.80 
2.75 
2.75 
2.75 
2.75 
2.75 
2.7& 

2.80 

a.  80 
a.  80 

2.80 
2.75 
2.75 
2.75 
2.75 
2.75 
2.75 
2.75 
2.75 
2.75 
2.75 
2.75 
2.75 
2.75 
2.75 
2.75 
2.75 
2.75 
2.75 
2.75 
2.80 
2.75 
2.70 
2.70 
2.70 
2.70 
2.70 
2.70 

2.70 
2.70 
2.70 
2.70 
2.70 
2.70 
2.70 
2.65 
2.66 
2.65 
2.70 
2.70 
2.70 
2.70 
2.65 
2.65 
2.65 
2.66 
2.65 
2.65 
2.65 
3.65 
2.65 
2.65 
2.65 
2.65 
2.65 
2.66 
2.66 
2.66 

165 

2 

2.45 

2.« 

3 

• 

2.6 

4 

1« 

5 

2.45 

2.40 

1« 

6 

1» 

7 

1« 

8 

2.« 

9 

2.45 

2.50 

156 

10 

t«o 

11 

160 

12 

2.45 

2.40 

1« 

13 

1« 

14 

160 

15 

2.75 
2.80 
2.95 
3.05 
3.40 
3.35 
3.15 
3.05 
2.95 
2.90 
3.00 
3.15 
3.35 
3.50 
3.70 
3.75 

1» 

18 

2.45 

155 

17 

2.55 

18 

156 

19 

2.45 

2.40 

156 

20 

150 

21 

150 

22 

23 

2.45 

ISO 
150 

24 

145 

26 

150 

26 

2.40 

2.50 

150 

27 

155 

28 

ISO 

29 

2.46 

155 

30 

1S5 

31 

ISO 
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OOLLINSTON  STATION  ON  BEAB  BIYEB. 

This  station,  described  in  the  Eighteenth  Annnal  Beport,  Part  lY, 
page  319,  is  located  in  the  canyon  below  Cache  Valley,  Utah,  about  4 
miles  from  the  railroad  station  of  Gollinston  or  2  miles  east  of  the  town 
3f  Fielding,  Utah.  The  observer  is  Robert  Anglesey,  who  is  the  ditch 
rider  of  the  Bear  Eiver  Canal  and  lives  near  the  station.  The  gage 
consists  of  a  vertical  iron  rod,  graduated  to  tenths  of  a  foot.  The  bench 
mark  is  a  nail  in  an  oak  post  20  feet  west  of  the  gage  and  20  feet  north 
)f  the  cable.  Its  elevation  is  7.35  feet  above  the  zero  of  the  gage. 
The  chief  source  of  error  at  this  station  is  the  large  rocks  which  are 
scattered  over  the  bed.  The  following  discharge  measurements  were 
made  in  1897  by  T.  H.  Humphreys  and  W.  B.  Dougall : 

May  3,  gage  height,  5.95  feet;  discharge,  8,344  second-feet. 
May  3,  gage  height,  5.95  feet;  discharge,  8,445  second-feet. 
May  28,  gage  height,  6.60  feet;  discharge,  10,241  second- feet. 
June  19,  gage  height,  4.03  feet;  discharge,  3,822  second-feet. 
Joly  28,  gage  height,  1.80  feet;  discharge,  1,274  second-feet. 
AngQst  16,  gage  height,  1.70  feet;  disqharge,  1,084  second-feet. 

DtUl^f  gage  height,  in  feet,  of  Bear  Biver  at  Collinstan,  Utah,  for  1897. 


Day. 

Jan. 

Feb. 

Mar. 

Apr. 

May. 

Jane. 

Jaly. 

Aag. 

1.70 
1.70 
1.70 
1.70 
1.70 
1.70 
1.70 
1.70 
1.70 
1.70 
1.70 
1.70 
1.70 
1.70 
1.70 
1.65 
1.65 
1.65 
1.60 
1.60 
1.60 
1.60 
1.60 
1.55 
1.55 
1.55 
1.55 
1.60 
1.50 
1.50 
1.55 

Sept 

Oct. 

Nov. 

Dec. 

1 

2.00 

'i"66* 

'2.' 66" 
2.00 

2.00 
2.40 
2.30 
2.60 
3.00 
8.40 
8.50 
3.60 
3.80 
4.00 
4.60 
5.00 
4.80 
4.80 
4  80 
4.80 
4.80 
5.00 
5.20 
5.40 
5.60 
5.70 
5.90 
6.10 
5.80 
5.70 
5.70 
5.80 
•5.90 
5.95 

6.00 
6.00 
5.90 
6.00 
6.00 
6.20 
0.40 
0.50 
6.00 
6.40 
6.20 
6.10 
6.00 
6.00 
6.00 
6.10 
6.15 
6.20 
6.30 
6.50 
6.60 
6.70 
6.80 
6.80 
6.80 
6.80 
6.70 
6.70 
6.60 
6.55 
6.40 

6.30 
6.20 
6.10 
6.00 
5.90 
5.80 
5.60 
5.40 
5.20 
5.10 
5.00 
4.90 
4.90 
4.80 
4.60 
4.70 
4.60 
4.40 
4.20 
4.00 
3.80 
3.60 
3.50 
3.40 
3.80 
3.20 
3.10 
3.05 
3.00 
3.00 

3.00 
3.00 
3.00 
2.95 
2.90 
2.85 
2.80 
2.65 
2.55 
2.50 
2.45 
2.40 
2.35 
2.30 
2.20 
2.15 
2.10 
2.00 
2.00 
2.00 
2.00 
2.00 
2.00 
2.00 
2.00 
2.00 
1.90 
1.85 
1.80 
1.75 
1.70 

1.60 
1.60 
1.60 
1.65 
1.70 
1.80 
1.80 
1.80 
1.80 
1.80 
1.80 
1.80 
1.85 
1.85 
1.85 
1.85 
1.90 
1.85 
1.85 
1.80 
1.80 
1.80 
1.80 
1.80 
1.80 
1.80 
1  80 
1.85 
1.85 
1.90 

1.90 
1.90 
1.90 
1.85 
1.85 
1.90 
2.00 
2.10 
2.15 
2.20 
2.25 
2.30 
2.35 
2.40 
2.45 
2.50 
2.50 
2.50 
2.45 
2.45 
2.50 
2.50 
2.50 
2.50 
2.50 
2.45 
2.45 
2.40 
2.35 
2.30 
2.20 

2.20 
2.10 
2.10 
2.10 
2.10 
2.00 
1.90 
1.80 
1.80 
1.80 
1.80 
1.80 
1.80 
1.90 
1.90 
1.90 
1.90 
1.00 
1.90 
1.90 
1.90 
1.90 
1.90 
1.90 
1.90 
1.00 
1.90 
1.85 
1.90 
1.85 

1.85 
1.85 
1.85 
1.85 
1.95 
1.96 
1.95 
1.96 
2.05 
2.05 
2.05 
2.15 
2.25 
2.20 
2.25 
2.25 
2.25 
2.20 
2.20 
2.20 
2.30 
2.10 
2.45 
2.40 
2.65 
2.60 
2.30 
2.20 
2.15 
2.15 
2.20 

2 

2.00 

3 

4 

1.80 

2.00 

5 

6 

1.80 

.2.00 

7 

8 

2.10 

*2.'20' 

2.' 66' 
2.00 

2."  66" 
2."  66" 

...... 

2.00 
'2.' 66' 

2.66 
2.00 
2.00 
2.00 
2.00 
2.00 
2.00 
2.00 
2.00 
2.00 
2.00 
2.00 
2.00 
2.10 
2.20 
2.20 
2.00 
3.00 

2.80 

9 

10 

11 

12 

13 

2.20 
'2.'i6' 

U 

16 

2.20 

16 

17 

18 

19 

2.00 

ioo* 

20 

1.90 

2.00 

21 

22 

2.00 

2' 66' 

23 

24 

25 

2.00 
2.00 

26 

27 

2.00 

'2.'66' 

28 

2.00 

29 

30 

2.00 

31 
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OGDEN  STATION  ON  OGDEN  BITEB. 

This  station,  described  in  the  Eighteenth  Annual  Beport,  Part  lY, 
page  3L6,  was  located  about  10  miles  east  of  the  city  of  Ogden,  Utah, 
at  the  upper  end  of  the  canyon.  Owing  to  the  presence  of  the  dani  of 
the  Pioneer  Electric  Power  Company,  constructed  in  1896,  just  below  this 
location,  water  was  backed  up  and  ponded  around  the  gage.  In  tbe 
spring  of  1897,  therefore,  the  station  was  moved  down  the  river  5  miles 
to  near  a  x>owder  mill  in  the  canyon.  The  station  is  equipped  with 
cable,  car  and  tag  wire.  The  gage  is  inclined  and  divided  into  tenths 
of  a  foot.  The  bench  mark  is  a  x>oint  on  a  quartzite  ledge,  one  foot 
above  the  ground,  at  edge  of  county  road,  37  feet  west  and  25  feet  south 
of  gage,  and  its  elevation  is  11.14  feet  above  the  zero.  The  observer  is 
Frank  Hart.  The  following  discharge  measurements  were  made  in  1897 
by  Samuel  Fortier  and  W.  B.  Dougall. 

May  11,  gage  height,  6.69  feet;  diBcharge,  1,890  second-feet. 
May  26,  gage  height,  5.79  feet;  discharge,  1,423  second-feet 
June  2,  gage  height,  4.79  feet;  discharge,  682  second-feet. 
June  26,  gage  height,  3.25  feet;  discharge,  170  second-feet. 
July  30,  gage  height.  2.80  feet;  discharge,  74  second-feet. 
Sept'Cmber  15,  gage  height,  2.61  feet;  discharge,  51  second-feet. 
October  15,  gage  height,  2.68  feet;  discharge,  78  second-feet. 

Ikiily  gage  height,  in  feet,  of  Ogden  Biver  near  Ogden,  Utah,  for  1897, 


Day. 

Jan. 

May. 

June. 

July. 

Aug. 

Sept. 

Oct. 

Nov. 

Dee. 

1 

4.90 
4.80 
4.70 
4.50 
4.50 
4.40 
4.40 
4.40 
4.30 
4.20 
4.10 
4.00 
8.90 
8.90 
3.80 
4.10 
3.90 
3.90 
3.90 
3.90 
3.90 
3.80 
3.70 
3.60 
3.50 
3.50 
3.40 
8.40 
3.40 
8.60 

3.60 
3.50 
3.40 
3.30 
3.30 
3.30 
3.20 
3.20 
3.20 
3.10 
3.00 
3.00 
3.00 
2.90 
2.90 
2.90 
2.90 
2.90 
2.90 
2.90 
2.90 
2.90 
2.80 
2.80 
2.80 
2.80 
2.^ 
2.70 
2.70 
2.70 
2.70 

2.70 
2.70 
2.70 
2.60 
2.60 
2.60 
2.60 
2.60 
2.60 
2.60 
2.60 
2.60 
2.60 
2.60 
2.60 
2.60 
2.60 
2.60 
2.60 
2.60 
2.60 
2.60 
2.60 
^60 
2.60 
-i.60 
2.60 
2.60 
2.60 
2.60 
2.60 

2.60 

2.80* 

2.70 

2.00 

2.60 

2.60 

2.60 

2.60 

2.60 

2.60 

2.60 

2.60 

2.70 

2.60 

2.60 

2.60 

2.60 

2.60 

2.60 

2.60 

2.60 

2.60 

2.60 

2.60 

2.60 

2.60 

2.60 

2.60 

2.70 

2.60 

2.80 
2.70 
2.70 
2.70 
2.60 
2.70 
2.70 
2.70 
2.70 
2.70 
2.70 
2.80 
2.70 
2.80 
2.80 
2.70 
2.70 
2.70 
2.70 
2.70 
2.70 
2.70 
2.70 
2.80 
2.70 
2.70 
2.70 
2.70 
2.70 
2.70 
2.70 

2.70 
2.70 
2.70 

2.70 

2 

170 
170 

a 

4 

2.70     1» 
2.80     1«0 
2.70     l« 
2.70     1« 
2.70     1« 
2.70     l» 

5 

0 

7 

3.45 

8 

9 

10 

6.70 
6.70 
0.50 
6.60 
6.80 
7.10 
6.80 
6.60 
6.40 
6.50 
7.10 
6.80 
6.40 
6.20 
6.10 
5.90 
5.80 
5.50 
5.20 
5.20 
5.10 
5.00 

2.70 

too 

11 

2.70 
2.70 
2.70 
2.70 
2.70 
2.70 
2.70 
2.70 
2.60 
2.60 
2.60 
2.80 
2.70 
2.70 
2.80 

Itt 

too 

Itt 
100 
101 
!•» 
ISO 
130 

too 

140 
ISO 
140 

ISO 

too 

12 

18 

14 

2.80 

15 

16 

17 

18 

19 

20 

21 

22 

3.00 

23 

24 

25 

26 

2.70     i» 
2.70     1* 

27 

2.70 

28 

2.70 

too 

29 

2.70 

170 



too 

t» 

30 

31 
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UINTA  STATION  ON  WEBER  RIYER. 

station,  described  in  the  Eighteenth  Annual  Report,  Part  lY, 
2Sj  is  located  near  the  watchman's  house  at  the  Union  Pacific 
d  bridge,  5  miles  east  of  Uinta,  Utah.  The  observer  is  Morgan 
}y,  post-office  address,  Uinta,  Utah.  The  gage  consists  of  a 
tal  timber,  4  by  4  inches  by  16  feet  long,  fastened  to  two  ver- 
«ts  set  in  the  ground  at  the  edge  of  the  bank  of  the  river,  with 
1  of  the  timber  projecting  out  over  the  water.  On  this  hori- 
timber  is  placed  a  wire  gage.  The  bench  mark  consists  of  a 
riven  into  the  first  telegraph  pole  up  the  canyon  from  the  gage, 
elevation  is  17.44  feet  above  gage  datum.  The  following  dis- 
measurements  were  made  in  1897  by  W.  B.  Dongall  and  others: 

29y  gikge  height,  5.40  feet;  discharge,  3,760  second-feet. 
h  g&go  height,  5.25  feet;  discharge,  3,662  second- feet. 
r,  gage  height,  4.95  feet;  discharge,  3,281  second-feet. 
4,  gage  height,  2.20  feet ;  discharge,  805  second-feet. 
9,  gage  height,  1.12  feet;  discharge,  149  second-feet, 
iher  16,  gage  height,  1.40  feet;  discharge,  250  second-feet. 
)r  15,  gage  height,  1.83  feet;  discharge,  433  second-feet. 

Daiiff  gage  height,  in  feet,  of  Weher  Biver  at  Uinta,  Utah,  for  1897, 


»»y. 

Jan. 

Feb. 

Mar. 

Apr. 

May. 

5.55 

5.65- 

5.80 

6.10 

6.45 

6.65 

6.90 

6.75 

6.25 

5.65 

5.40 

6.30 

5.50 

5.80 

5.90 

5.85 

6.65 

5.65 

5.65 

5.85 

6.75 

5.75 

5.56 

5.55 

5.50 

6.25 

4.96 

4.45 

4.25 

4.45 

4.50 

Jane. 

July. 

Aug. 

Sept. 

Oct. 

Nov. 

Dec. 

1.50 

1.50 

i.'io" 

2.10 
2.20 
2.20 
2.45 
2.65 
2.75 
2.75 
2.70 
2.95 
3.50 
3.45 
3.65 
8.80 
3.85 
4.05 
4.50 
4.60 
4.85 
5.30 
5.70 
5.35 
4.00 
4.50 
4.06 
3.85 
4.10 
4.70 
5.15 
5.40 

4.40 
4.40 
3.85 
3.55 
8.85 
3.70 
3.45 
3.05 
2.90 
2.90 
2.90 
2.75 
2.80 
2.70 
2.56 
2.60 
2.60 
2.60 
2.60 
2.45 
2.30 
2.30 
2.20 
2.10 
2.10 
2.10 
1.90 
1.65 
1.66 
1.45 

1.20 
1.20 
1.10 
1.20 
1.20 
1.20 
1.20 
1.20 
1.20 
1.20 
1.20 
1.20 
1.20 

i.ao 

1.20 
1.20 
1.20 
1.10 
1.10 
1.10 
1.10 
1.10 
I.IO 
1.10 
1.10 
1.10 
1.10 
1.10 
1.10 
1.10 
1.  lU 

1.10 
1.10 
1.10 
I.IO 
1.10 
1.10 
1.10 
1.10 

i.io 

1.10 
1.10 
1.10 
1.10 
1.10 
1.10 
1.10 
1.10 
1.10 
1.10 
1.10 
1.10 
1.10 
1.10 
1.10 
1.10 
1.10 
1.10 
1.10 
1.10 
1.10 
1.10 

1.10 
1.10 
1.10 
1.10 
1.10 
1.10 
1.20 
1.20 
1.20 
1.20 
1.20 
1.20 
1.20 
1.20 
1.20 
1.20 
1.20 
1.20 
1.30 
1.30 
1.30 
1.30 
1.30 
1.30 
1.30 
1.35 
1.40 
1.40 
1.55 
1.60 

1.60 
1.00 
1.65 
1.80 
1.80 
1.80 
1.80 
1.80 
1.80 
1.80 
1.80 
1.80 
1.80 
1.80 
1.80 
1.80 
1.80 
1.80 
1.80 
1.80 
1.80 
1.80 
1.80 
1.80 
1.80 
1.80 
1.80 
1.80 
1.80 
1.80 
1.70 

1.70 
1.70 
1.70 
1.70 
1.70 
1.70 
1.70 
1.70 
1.70 
1.70 
1.70 
1.70 
1.70 
1.70 
1.70 
1.70 
1.70 
1.70 
1.70 
1.70 
1.60 
l.GO 
1.60 
1.60 
1.60 
1.60 
1.60 
1.60 
1.60 
1.60 

1.60 
1.60 
1.60 
1.60 
1.60 
1.60 
1.60 
1.60 
1.60 
1.60 
1.60 
1.60 
1.60 
1.60 
1.60 
1.60 
1.60 
1.60 
1.60 
1.60 
1.60 
1.60 
1.60 
1.60 
1.60 
1.45 
1.50 
1.46 
1.40 
1.40 
1.40 

1.50 

1.50 

1.40 

1.00 



1.50 

1.50 

1.60 

1.60 

•  •- • 

1.60 

1.50 
1.50 
1.50 
1.50 
1.50 
1.50 
1.50 
1.60 
1.76 
1.80 
1.85 
2.10 
2.60 
2.70 
2.75 
2.60 
2.10 
2.10 

— 

1.50 

1.40 
1.40 

'i."5o' 

........... 

... ..«....• 

"i.io" 

i.'io' 

1.50 

1.40 

• 

1.50 
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POCATELLO  STATION  ON  PORTNBUP  BIYBB. 


This  station  is  located  at  the  wagou  bridge,  one-eighth  of  a  mile 
below  plant  of  the  Pocatello  Electric  Power  Ooinpany  at  Pocatello, 
Idaho.  It  was  established  May  18, 1897,  by  6.  H.  Nickerson.  The 
rod  is  vertical  and  secarely  spiked  to  center  jner  of  bridge.  The  bench 
mark  is  a  spike  driven  into  the  end  of  a  log  in  the  east  abutment  of 
bridge  and  is  opposite  the  13<foot  mark.  The  channel  above  the  sta- 
tion is  carved,  while  below  it  is  straight.  The  right  bank  is  high,  but 
the  left  is  liable  to  overflow  at  a  12-foot  gage  height  The  bed  of  the 
stream  is  rocky.  The  cnrrent  is  sluggish  at  low  stages.  The  observer 
is  John  A.  Lillibridge,  engineer  at  the  power-house.  The  following 
discharge  measurements  were  made  by  O.  H.  Nickerson  and  F.J.  Mills 
in  1897 : 

^*7  20,  gage  height,  12.70  feet;  discharge,  1,847  seoond-feet. 
July  29,  gage  height,  6.95  feet;  discharge,  123  seoond-feet. 

I>ailjf  gage  height,  in  feet  f  of  Portne^f  River  at  PooatellOy  Idaho,  far  1897. 


Day. 

May. 

June. 

July. 

Aug. 

Sept.. 

1 

10.70 

10. 60 

10.50 

10.30 

10.10 

0.80 

0.70 

9.  SO 

0.30 

9.30 

9.10 

0.00 

8.90 

8.80 

8.00 

8.4U 

7.80 
7.70 
7.80 
7.70 
7.70 
7.70 
7.00 
7.80 
7.70 
7.50 
7.50 
7.60 
7.40 
7.40 
7.40 
7.40 

6.90 
6.90 
6.90 
6.90 
6.90 
6.90 
6.90 
6.80 
7.00 
6.90 
6.90 
6.90 
6.90 
6.90 
6.90 
6.80 

6.80 
6.80 
6.80 
7.00 
7.10 
7.10 
7.10 
7  00 

2 

3 

4 

5 

6 

7 

8 

0 

6.90 
7.10 
7.00 
7.00 
7.00 
7.00 
7.00 
7  00 

10 

11 

12 

13 

14 

16 

16 

1 

Day. 


17 

18 

19 

20 

21 

22 

23 

24 

25. 

26, 

27, 

28, 

29, 

30. 

31, 


May. 


Jane. 


12.80 
12.70 
12.70 
12.70 
12.70 
12.70 
12.50 
12.40 
12.20 
11.90 
11.60 
11.40 
11.20 
10.90 


8.20 
8.00 
8.00 
8.00 
8.00 
7.90 
8.00 
8.10 
8.00 
8.00 
8.00 
8.00 
8.00 
7.00 


July. 


7.40 
7.50 
7.30 
7.30 
7.90 
7.20 
7.00 
7.00 
7.00 
7.00 
6.90 
7.00 
6.90 
6.90 
6.90 


Aug. 

SepL 

ft.  80 

7.00 

6.80 

7.00 

7.10 

IJID 

7.00 

7.00 

7.00 

6.90 

7.00 

6.00 

6.90 

6.90 

6.90 

7.00 

6.60 

7.00 

6.70 

7.00 

6.80 

7.00 

0.80 

7.10 

6.80 

7.10 

6.80 

7.30 

6.80 

DRAINAGE   BASIN   OF   GREAT   SALT   LAKE. 
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GENEVA  STATION  ON  UTAH  LAKE. 

This  station,  described  in  the  Eighteenth  Annaal  Eeport,  Part  lY, 
page  327y  is  located  at  Geneva,  Utah,  3  miles  south  of  American  Fork, 
it  the  lower  end  of  the  lake.  The  gage  consists  of  a  vertical  rod  driven 
uto  the  sand  at  the  Hoathern  end  of  a  bath-hoase,  and  nailed  iirmly  to 
:he  floor  of  the  house.  The  bench  mark  of  the  lake  commissioners,  a 
sandstone  monument  at  the  edge  of  the  bluff  and  opposite  the  south 
)ud  of  the  pavilion,  is  18.644  feet  above  gage  datum,  which  was  placed 
L  feet  below  "compromise  point.^'  The  observer  is  John  Dalliu;  i)ost- 
>ffice  address,  Pleasant  Grove,  Utah. 

Datljf  gage  hsight,  in  feet,  of  Utah  Lake  at  Geneva,  Utah,  for  1897. 


Bay. 

Jan.    Feb. 

Mar. 

Apr., 

May. 

June. 

July. 

Aug. 

Sept. 

Oct. 

Nov. 

Dec. 

1 

1.35    

1.00 

1.80   

2.80 

2.00 

i.'io' 
i.'io* 

0.80 

0.55 

0.70 

2 

1.65 

3 

1.90 

1.80 

2.06 

2.45 

2.00 

.8U 
.75 

o.'io' 

.55 

""."75  " 

4 

1.35 

1.58 

5 

1.85 

2.30 

2.70 

2.00 

6 

1.40 

1.68 

.75 
".'76' 

.40 
.85 

.40 

.60 

.80 

7 

1.90 

'2.' 40* 

2.70 

1.90 

1.30 

8 

1.40 
1.40 

1.40 

.60 

.85 

9 

1.90 

1.30 

10 

1.40 

2.50 

2.65 

1.90 

.00 

"Voo" 

11 

1.40 

.60 

.40 

12 

1.40 

1.90 

2.55 

2.65 

1.80 

1.30 

13 

1.40 

.56 

.85 

.60 

.90 

u 

1.90 

i'eo' 

2.' 65* 

2.40 

1.75 

1.20 

15 

1.40 
1.40 

'i-'io" 

1.40 

.50 

•  •      •  •  • 

.40 

.55 

"'.'96" 

16 

i.*o6 

1.95 

2.40 
'2.' 56' 

'i.'76' 
i'to 

1.15 

17 

18 

1.45 

1.10 

.50 

.46 

.55 

.90 

19 

1.80 
1.85 

2.00 

2.40 

20 

1.42 

1.10 
1.00 

.50 

.50 

.60 

.90 

21 

2.00 

i'is' 

2.40 

1.65 

22 

1.45 
1.45 

1.82 

.60 

.05 

23 

2.40 

'i.'55' 

1.00 

.40 

.55 

24 

1.82 

'i.'ss' 

1.88 

'i.*76* 
i'76' 

2.10 

2.80 

.95 

25 

1.45 

.95 

.40 

.50 

28      

2.10 

2.80 

2  35 

1.55 

.65 
.70 

'".'95  " 

27 

1.45 

.40 

.50 

28 

2.15 
'2.26" 

'2.80' 

2.85 

1.50 

.90 

29 

1.80 

.40 
.40 

.50 

.70 

.95 
1.00 

30 

1.50 

2.20 

31       

1.80 

1.40 

•••••• 
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On  the  Little  Wood  Kiver  the  station  is  one-half  mile  south  of  the 
railroad.  The  rod  is  fastened  to  the  floor  of  the  bridge,  the  1.8-foot 
mark  being  opposite  the  iron  vertical  on  the  upper  side  of  the  bridge. 
The  distance  from  the  end  of  the  weight  to  the  index  marker  is  10^ 
feet.  The  distance  from  the  end  of  the  rod  to  the  outside  edge  of  &e 
pulley  wheel  is  1.97  feet.  The  channel  is  good  and  not  obstructed  by 
piers,  but  the  banks  overflow  during  flood  stages.  The  observer  is 
Will  Hickman.  The  following  discharge  measurements  were  made  by 
G.  H.  Nickerson  and  F.  J.  Mills  in  1897 : 

Malad  Eiver: 

May  21,  gage  height,  7.50  feat;  disoharge,  4,437  second-feet. 
July  31,  gage  height,  2.80  feet;  discharge,  81  second-feet. 

Little  Wood  River: 

May  21,  gage  height,  7.30  feet;  disoharge,  487  second-feet. 

Daily  gage  height,  in  feet,  of  Malad  River  at  Toponis,  Idaho,  for  1897, 


Day. 


1 
2 
3 
4 
5 
6 
7 
8 
0 
10 

11 

12 
13 
U 
15 
16 


June. 


July. 


5.60 
5.60 
6.60 
5.50 
5.20 
5.00 
4.90 
4.50 
4.20 
4.40 
4.20 


4.00 
4.20 
4.30 
4.10 
3.00 
3.70 
8.50 
3.50 
3.50 
3.50 
3.40 
3.30 
3.30 


Aug. 


2.80 
2.80 
2.80 
2.80 
2.80 
2.70 
2.70 
2.60 
2.60 
2.60 
2.60 
2.60 
2.50 
2.40 
2.60 
2.60 


Sept. 


Oct 


2.40 
2.50 


17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 


Day. 


June. 


4.00 
3.80 
8.50 


July. 


3.30 
3.40 
3.30 
8.20 
8.80 
8.80 
8.20 
3.80 
3.20 
3.00 
3.00 
2.90 
2.90 
2.90 
2.80 


Aug. 


2.69 
2.50 
2.50 
2.50 
2.50 
2.40 
2.80 
2.20 
2.00 
2.00 
2.00 
2.00 


Sept*   Oct 


2.00 
2.10 
2.30 
2.30 
2.30 
2.20 
2.30 
2.20 
2.40 
2.40 
2.40 
2.50 
150 
2.40 


Daily  gage  height,  in  feet,  of  Little  Wood  River  at  Topania,  Idaho,  for  1837. 


Day. 


1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 


June. 


6.50 
6.50 
5.50 
4.80 
4.60 
4.20 
4.00 
4.00 
3.80 
4.20 
4.00 


July. 


2.30 
2.20 
2.40 
2.20 
2.00 
1.90 
1.90 
1.70 
1.50 
1.30 
1.20 
1.20 
1.10 
1.10 
1.00 
1.00 


Aug. 


1.20 
1.10 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.20 
1.20 
1.30 
1.20 
1.20 
1.10 
1.30 
1.30 


Sept. 

Oct. 

2.60 
2.30 
2.40 
2.40 
2.30 
2.20 
2.20 
2.80 
2.40 
2.50 
2.60 
2.60 
2.70 
2.80 
2.90 
2.90 

3.70 
3.80 

Day. 


17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
80 
31 


June. 


4.80 
8.60 
3.80 
3.20 
3.00 
8.40 
3.70 
8.90 
4.00 
4.10 
4.20 
4.40 
3.50 
2.50 


July.  Aug. 


1.30 
1.10 
1.20 
1.80 
1.20 
1.20 
1.20 
1.10 
1.30 
1.20 
1.20 
1.20 
1.20 
1.20 
1.30 


1.20 
1.20 
1.40 
1.40 
1.40 
1.40 
1.80 
1.40 
1.S0 
2.00 
2.00 
2.20 
2.80 
2.90 
2.80 


S«pt 


Oct. 


2.90 
S.00 
3.10 
3.00 
3.20 
3.30 
3.30 
8.30 
3.40 
3.40 
3.50 
3.40 
3.50 
3.00 


DRAINAGE   BASIN   OF   COLUMBIA   RIVER. 
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GBANDVIBW  STATION   ON  BBUNEAU  BIYEB. 

This  station  is  described  in  the  Eighteenth  Aunual  Report,  Part  lY, 
bge  339.  The  point  of  measurement  is  10  miles  east  of  Orandview, 
aho,  below  the  head  of  the  Brnneaa  ditch.  Observations  of  gage 
light  are  regularly  kept,  and  estimates  of  discharge  are  made  from 
em  by  A.  J.  Wiley,  chief  engineer  of  the  Owyhee  Land  and  Irrigation 
>mpany.    C.  0.  Gregg  is  the  observer. 

Daily  g<ige  height,  in  feet,  of  Bruneau  River  at  Grandview,  Idaho,  for  1897. 


Day. 


1... 
2... 
3... 
4... 

5-... 

6.... 

7... 

8... 

9... 
10... 
11... 
12... 
13... 
U.... 
15... 
16... 
17... 
18.... 
19... 


20 

21 

22 

28 

24 

25 

26 

27 

28 

tffV*  «••  «•««•  •■ 


Jan. 

Feb. 

Mar.  1 

1 

1.60 

t.66 

1.70 

1.60 

1.65 

1.70 

1.65 

1.66 

1.70 

1.55 

1.65 

1.70 

1.56 

1.70 

1.70 

1.55 

1.05 

1.70 

1.60 

2.70 

1.75 

1.55 

2.20 

1.75 

1.55 

2.05 

1.70 

1.55 

1.95 

1.65 

1.50 

1.80 

1.66 

1.50 

1.80 

1.65 

1.60 

1.80 

1.60 

1.60 

1.70 

1.50 

1.60 

1.60 

1.55 

1.00 

1.80 

1.60 

1.60 

1.70 

1.65 

1.60 

1.66 

1.66 

1.50 

1.65 

1.65 

1.50 

1.65 

1.65 

1.60 

L65 

1.66 

1.70 

1.65 

1.60 

1.70 

1.70 

1.60 

1.65 

1.65 

1.60 

1.65 

1.65 

1.65 

1.60 

1.65 

7.00 

1.60 

1.66 

7.00 

1.50 

1.65 

4.00 

1.55 

8.60 

1.60 

2.80 

1.70 

2.55 

2.30 
2.25 
2.30 
2.25 
2.65 
3.50 
8.75 
3.45 
3.10 
3.60 
4.40 
5.00 
4.50 
4.60 
4.60 
4.65 
4.80 
5.10 
5.50 
6.00 
5.75 
5.15 
4.50 
4.00 
3.70 
3.80 
4.00 
4.60 
4.80 
5.00 


4.80 
4.75 
4.90 
5.00 
5.10 
5.30 
6.50 
5.60 
5.25 
4.70 
4.50 
4.46 
4.35 
4.40 
4.55 
4.60 
4.65 
4.80 
5.00 
5.15 
5.35 
5.65 
5.50 
5.65 
5.45 
5.10 
4.70 
6.10 
4.70 
4.60 
4.50 


June. 

July. 

Aug. 

Sept. 

Got. 

4.46 

2.40 

1.40 

1.15 

1.30 

4.20 

2.40 

1.40 

1.15 

1.80 

4.00 

2.40 

1.50 

1.15 

1.30 

3.65 

2.35 

1.50 

1.15 

1.35 

3.60 

2.35 

1.40 

1.15 

1.35 

3.50 

2.30 

1.35 

1.15 

1.35 

3.40 

2.20 

1.35 

1.15 

1.40 

3.50 

2.15 

1.30 

1.15 

1.40 

3.46 

3.15 

1.30 

1.20 

1.40 

3.60 

2.10 

1.30 

1.20 

1.50 

3.45 

2.10 

1.30 

1.20 

1.55 

3.35 

2.00 

1.30 

1.20 

1.55 

3.30 

1.05 

1.30 

1.20 

1.00 

3.30 

2.00 

1.80 

1.20 

1.65 

8.80 

2.00 

1.86 

1.26 

1.60 

3.25 

2.00 

1.25 

1.25 

1.60 

8.15 

1.95 

1.25 

1.25 

1.65 

8.10 

1.90 

1.25 

1.25 

1.65 

3.00 

1.90 

1.25 

1.80 

1.60 

2.90 

1.90 

1.26 

1.80 

1.60 

2.80 

1.85 

1.06 

1.30 

1.60 

2.65 

1.80 

1.10 

1.30 

1.60 

2.60 

1.65 

1.10 

1.30 

1.60 

2.60 

1.60 

1.10 

1.30 

1.65 

2.60 

1.60 

1.10 

1.80 

1.65 

2.60 

1.65 

1.10 

1.30 

1.65 

2.50 

1.56 

1.15 

1.80 

1.65 

2.50 

1.50 

1.10 

1.80 

1.65 

2.55 

1.46 

1.16 

1.30 

1.66 

2.20 

1.46 

1.15 

1.30 

1.65 

1.45 

1.15 

1.66 

1.60 
1.65 
1.70 
1.65 
1.60 
1.60 
1.70 
1.65 
1.65 
1.60 
1.65 
1.70 
1.70 
1.70 
1.70 
1.70 
1.70 
1.70 
1.70 
1.76 
1.75 
1.75 
1.85 
1.85 
1.80 
1.80 
1.75 
1.70 
1.65 
1.70 


1.76 
1.70 
1.70 
1.65 
1.65 
1.65 
1.75 
1.80 
1.80 
1.75 
1.80 
1.80 
1.80 
1.85 
1.85 
1.80 
1.70 
1.75 
1.70 
1.80 
1.70 
1.75 
1.70 
1.70 
1.70 
1.75 
1.70 
1.80 
1.75 
1.70 
1.70 
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BOISE   STATION   ON  BOISE  BIYEB. 


This  station,  as  described  in  the  Eighteenth  Annual  Bex>ort,  Part  lY, 
page  340,  is  located  about  9  miles  above  Boise,  Idaho,  at  the  month  of 
the  canyon.  April  18  the  river  cut  into  the  right  bank  of  the  station, 
carrying  out  the  cable  and  leaving  the  gage  on  a  small  island,  so  that 
the  record  after  that  date  is  unreliable.  A  temporary  gage  was  tbero- 
fore  established  May  12  at  the  Broadway  Bridge,  at  Boise,  and  a 
record  kept  by  it  until  June  17,  when  a  new  gage  was  again  placed  in 
the  canyon  1  mile  above  the  old  location.  The  inclined  rod  is  firmly 
attached  to  a  cotton  wood  tree.  The  bench  mark  is  a  20-penny  spike 
in  the  upstream  face  of  the  6  by  8  cable  support,  about  2  feet  aboye 
the  ground.  Its  elevation  is  15.00  feet  above  datum;  also  two  spikes 
in  same  post  are  14.00  feet  above  datum.  Discharge  measurements  are 
made  from  a  cable  and  car,  50  feet  below  the  gage.  An  auxiliary 
cable  for  flood  measurements  is  placed  117  feet  above  the  main  cable. 
The  observer  is  Mrs.  Ed.  Marnell.  The  following  are  the  discharge 
measurements  made  on  the  Boise  Kiver  by  F.  J.  Mills  and  others  in 
1897: 

April  21  y  at  Star  bridge,  discharge,  24,312  Becond-feet. 

May  18,  at  Broadway  bridge,  gage  height,  4.30  feet;  discharge,  23,522  second-feet 

Jane  29,  gage  height,  3.25  feet;  discharge,  3,626  second-feet. 

Angust  6,  gage  height,  1.60  feet;  discharge,  1,357  second- feet. 

September  18,  gage  height,  1.30  feet ;  discharge,  987  second-feet. 

October  25,  gage  height,  1.50  feet;  discharge,  1,256  second-feet. 

Daily  gage  height,  in  feet,  of  Boise  River  at  Boiee,  Idaho,  for  1897. 


Day. 


1 

2 

3 

4 

5 

6 

7 

8 

0 

10 

11 

12 

13 

U 

15 

IG 

17 

18 

19 

20 

21 

22 

23 

24 

25 

26 

27 

28 

29 

30 

81 


Jan. 


2.00 
1.90 
1.90 
1.80 
1.80 
1.70 
1.70 
1.80 
1.80 
1.90 
1.70 

i.eo 

1.40 
1.20 
1.20 
1.20 
1.10 
1.10 
1.10 
1.40 
1.60 
1.60 
1.80 
1.50 
1.40 
1.40 
1.20 
1.20 
1.60 
1.80 
1.90 


Feb. 


1.90 
1.80 
1.60 
1.60 
1.90 
2.00 
1.90 
2.40 
2.40 
2.20 
2.10 
2.10 
2.00 
2.00 
2.00 
1.90 
1.90 
1.80 
1.80 
1.70 
1.60 
1.70 
1.70 
1.70 
1.60 
1.50 
1.50 
1.60 


Mar. 


1.70 
1.70 
1.90 
2.00 
2.00 
1.90 
2.00 
2.10 
2.00 
1.90 
1.90 
1.70 
1.50 
1.70 
1  70 
1.70 
2.00 
2.00 
1.90 
1.80 
1.80 
1.90 
2.20 
2.60 
3.00 
4.00 
4.20 
4.00 
3.00 
3.70 
3.50 


Apr. 


3.60 
3.30 
3.20 
3.30 
3.20 
3.60 
3.50 
3.40 
8.90 
4.30 
5.00 
5.60 
6.00 
6.20 
7.30 
8.00 
8.90 
9.00 
9.30 
8.90 
6.80 
6.70 
6.60 
6.70 
6.90 
7.40 
7.40 
7.50 
7.00 
6.50 


May. 


7.80 
8.00 
8.20 
8.00 
8.00 
7.50 
7.00 
7.00 


Jane. 


4.00 
3.80 
3.50 
3.50 
3.40 
3.50 
3.80 
3.40 
3.30 
8.30 
3.40 
8.30 
3.20 
3.20 


July. 


3.20 
3.60 
3.30 
3.05 
3.05 
2.90 
2.75 
2.70 
2.40 
2.80 
2.35 
2.35 
2.30 
2.30 
2.30 
2.20 
2.20 
2.30 
2.20 
2.00 
1.96 
1.80 
2.00 
l.t» 
1.90 
1.80 
1.80 
1.75 
1.70 
1.60 
1.66 


Aug. 


i.eo 

1.60 
1.60 
1.65 
1.5S 
1.56 
1.55 
1.50 
1.50 
1.45 
1.45 
1.46 
1.40 
1.40 
1.40 
1.86 
1.30 
1.30 
1.26 
1.26 
1.20 
1.16 
1.20 
1.20 
1.20 
1.30 
1.30 
1.80 
1.80 
1.80 
1.20 


Sept. 


1.20 
1.30 
1.30 
1.30 
1.40 
1.40 
1.40 
1.80 
1.30 
1.40 
1.40 
1.40 
1.50 
1.60 
1.40 
1.40 
1.40 
1.80 
1.30 
1.80 
L40 
L40 
1.40 
1.40 
1.40 
1.20 
1.20 

i.ao 

1.20 
1.20 


Oct. 


1.30 
1.25 
1.25 
1.25 
1.35 
1.25 
1.80 
1.2S 
1.25 
1.80 
1.35 
1.40 
1.40 
1.35 
1.85 
1.3S 
1.80 
1.30 


If»v. 


1.35 


l.» 


l.» 


35 
25 
30 
30 


L35 


l» 


"i^ 


1.30 
1.40 
1.50 
1.S0 
1.40 
1.35 
L3S 
1.85 
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YALE  STATION  ON  MALHBX7B  RITSB. 

This  station,  described  in  the  Eighteenth  Annual  Report,  Part  FV, 
page  345,  is  located  at  the  iron  highway  bridge  at  Vale,  Oregon.  The 
observer  is  E.  E.  Murray,  postmaster.  The  station  is  distant  from  the 
ibserver's  house  about  one-fourth  of  a  mile.  The  gage  is  inclined,  and 
is  in  two  parts.  The  lower  part  is  graduated  from  1.6  to  9.1  feet,  the- 
iistance  between  the  footmarks  being  1.95  feet.  The  upper  part  is 
^adnated  from  9.1  to  11.7  feet,  the  distance  between  the  footmarks 
yeiug  3  feet.  The  channel  is  composed  of  earth  and  sand  and  is  shift- 
ng.  The  bench  mark  is  on  a  flat  rock,  nearly  buried,  above  the  right 
>ank  of  the  river,  50  feet  southeast  of  south  abutment  of  new  bridge, 
ind  is  12.32  feet  above  the  zero  of  the  gage.  Measurements  are  made 
it>m  the  iron  highway  bridge.  The  following  discharge  measurements 
were  made  in  1897  by  Frank  Shirley  and  O.  H.  Nickerson: 

April  17,  gage  height,  7.15  feet;  discharge,  4,857  second-feet. 
May  15,  gage  height,  4.75  feet ;  discharge,  1,883  second-feet. 
May  28,  gage  height,  4.37  feet;  discharge,  1,694  second-feet. 

Daily  gage  height,  in  feet,  of  Malheur  Biver  at  Vale,  Oregon,  for  1897. 


D»y. 

Apr. 

May.  June. 

i 

July. 

Day. 

Apr. 

May. 

June. 

July. 

Day. 

Apr. 

May. 

June. 

July. 

1.. 

6.  JO 
6.10 
6.10 

3.75 
3.56 
3.45 

2.43 
2.40 
2.40 
2.35 
2.30 
2.30 
2.28 
2.20 
2.20 
2.18 
2.13 

12... 

5.05 
4.95 
4.80 

2.65 
2.65 
2.50 
2.50 
2.60 
2.45 
2.40 
2.40 
2.50 
2.43 
2.40 

2.10 
2.00 
1.98 
1.90 
1.90 
1.87 
1.75 
1.65 
1.55 
1.50 
1.50 

23... 
24... 
25... 
26... 
27... 
28... 
29... 
30... 
31... 

7.70 
7.20 
0.60 
6.45 
6.65 
7.00 
7.10 
6.60 

4.50 
4.45 
4.40 
4.35 
4.35 
4.36 
4.15 
3.95 
3.80 

2.40 
2.40 
2.38 
2.85 
2.68 
2.65 
2.60 
2.55 

1.46 
1.40 
1.40 
1.40 
1.38 
1.33 
1.30 
1.25 
1.20 

1     2.. 

13... 

3 

14... 

4.. 

5.»6  ;  3.25 
5.95     3.10 
5.80  1  3.20 
6.05  '  3.05 
6.10  '  3.00 

15... 
16... 
17... 
18... 
19... 
20... 
21... 
22... 

6.55 
6.75 

4.70 
4.70 

5.. 

7.. 
8.. 

7.25  1  4.80 
8.30  1  5.00 
8. 05  i  4. 90 
9. 30     4. 90 
10.10     4.85 
8  50     -^  SO 

9.. 



5.80 
5.40 
5.15 

2.90 
2.95 
2.75 

10 

U.. 

I 

i 

'  •  •  •  •  •  a 

1 
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PAYETTE  STATION  ON  PAYBTTB  BIYEB. 

This  station,  as  described  in  the  Eighteenth  Annual  Beport,  Part  IV, 
page  350,  is  located  at  the  highway  bridge  at  Payette,  Idaho.  The 
observer  is  J.  A.  Ballinger,  the  town  marshal  at  Payette.  The  statioB 
is  distant  from  the  observer's  house  about  one-half  mile.  The  gage  is 
vertical,  of  pine  plank,  spiked  to  a  wooden  pier,  graduated  irom  0  to 
12.5  feet.  It  is  easily  read  from  the  bridge.  The  character  of  the 
channel  is  sandy  and  shifting.  The  point  12.5  on  the  gage  is  lev<^  with 
the  top  of  the  pier,  on  which  is  the  mark  *^B.  M."  Measoremente  of 
discharge  were  made  as  follows  by  O.  H.  Nickerson  in  1897 : 

May  14,  gage  height,  7.40  feet;  diflcharge,  19,422  seoond-feet. 
May  27,  gage  height,  8.20  feet;  discharge,  26,707  second-feet. 

Daily  gage  height,  in  feet,  of  Payette  Biver  at  Payette,  Idaho,  for  18S7. 


Day. 

May. 

June. 

July. 

Day. 

May. 

Jane. 

July. 

Day. 

May. 

Jane. 

Jnly. 

1 

'7.60 
7.00 
0.80 
6.10 
5.90 
6.10 
b.80 
5.60 
5.60 
5.50 
5.40 

3.80 
8.90 
8.00 
3.90 
3.70 
3.60 
3.50 
3.30 
3.20 
3.00 
2.90 

12 

5.30 
5.30 
5.30 
5.20 
5.00 
4.90 
4.70 
4.60 
4.40 
4.30 
4.20 

2.80 
2.70 
2.60 
2.50 
2.40 
2.80 
2.20 
2.20 
2.10 
2.10 
2.00 

28 

24 

25 

28 

27 

28 

29 

30 

31 

8.50 
8.40 
8.60 
8.60 
8.20 
7.90 
7.80 
7.80 
7.60 

4.10 
4.00 
4.00 
8.00 
3.80 
3.80 
3.80 
3.90 

LW 

2 

13 

1.W 

3 

14 

15 

16 

17 

18 

19 

20 

21 

22 

7.40 
7.60 
7.80 

aoo 

8.30 
8.40 
8.60 
8.70 
8.50 

L80  , 

4 

I.W 

5 

L» 

6 

1.79 

7 

1.10 

8 

LflD 

0 

i.sa 

10 

11 
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WBISBB  STATION  ON  WEISEB  BIYEB. 

itatioD,  deseribed  in  the  Eighteenth  Annnal  Report,  Part  IVv 
2,  is  about  10  miles  above  the  town  of  Weiser,  Idaho,  at  the 
f  the  canyon.  The  gage  is  firmly  fastened  to  xK>sts  driven  into 
md.  The  6-foot  mark  is  13.46  feet  below  a  bench  mark  on  a 
wjlder  30  feet  south  of  the  gage.  The  observer  is  J.  W.  Lane, 
ouse  is  about  one- fourth  of  a  mile  from  the  gage.  The  channel 
:ht  for  some  distance  above  and  below  the  section,  the  banks  are 
id  the  bed  is  gravelly.  The  following  discharge  measurements 
bde  in  1897  by  F.  J.  Mills,  Gyms  0.  Babb,  and  others: 

,  gage  height,  4.95  feet;  discharge,  5,026  second-feet. 
5,  gage  height,  0.70  foot ;  discharge,  100  lecond-feet. 
r  23,  gage  height,  0.95  foot;  discharge,  153  second-feet. 


Daily  gage 

hHghtf  inf60i,  of  Weiser  Biver  ai  Weiser, 

Idaho 

ffor 

1S97. 

Apr. 

May.  June. 

1 

July. 

Aug. 

Sept. 

Day. 

Apr. 

May. 

June. 

July. 

Aug. 

Sept. 

5.10 
6.85 
6.00 
6.10 
7.00 
6.90 
6.70 
6.60 
6.90 
7.00 
7.00 
6.50 
6.60 
6.60 
6.80 

5.60 
5.80 
5.90 
6.00 
6.20 
6.40 
6.90 
6.40 
5.80 
5.40 
6.40 
6.40 
5.50 
5.70 
5.00 
6.00 

3.70 

3.40 
3.20 
3.10 
3.00 
3.00 
2.90 
2.90 
2.80 
2.70 
2.60 
2.60 
2.60 
2.60 
2.40 
2.40 

1.80 
1.80 
2.00 
1.90 
1.80 
1.70 
1.70 
1.70 
1.60 
1.60 
1.50 
1.50 
1.40 
1.40 
1.30 
1.30 

0.80 
.80 
.80 
.70 
.70 
.70 
.70 
.60 
.60 
.60 
.60 
.60 
.60 
.60 
.60 
.60 

0.70 
.70 
.70 
.70 
.70 
.70 
.70 
.80 
.80 
.80 
.80 
.80 
.80 
.80 
.80 
.80 

17 

1  18 

1  1» 

20 

21 

22  .... 

23 

24 

25 

26 

27 

1  28 

29 

30 

31 

7.10 
7.60 
7.90 
8.30 
7.90 
7.60 
7.30 
6.70 
5.60 
6.00 
6.50 
0.90 
6.50 
5.80 

6.00 
6.00 
5.90 
5.90 
5.90 
6.80 
5.60 
5.00 
5.20 
5.00 
4.30 
4.20 
4.10 
4.00 
4.00 

2.30 
2.30 
2.20 
2.10 
2.10 
2.00 
2.00 
2.00 
1.90 
1.90 
2. 10 
2.00 
1.90 
1.80 

1.80 
1.20 
1.20 
1.20 
1.20 
1. 10 
1.10 
1.10 
1.00 
1.00 
1.00 
1.00 
.90 
.90 
.00 

0.60 
.60 
.60 
.60 
.60 
.60 
.60 
.60 
.60 
.60 
.60 
.60 
.60 
.60 
.60 

0.80 
.80 
.80 
.80 
.80 
.80 
.80 
.90 
.90 
.90 
.90 
.90 
.90 
.90 

6.70 

( 
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HOOPER  STATION  ON  PALOUSE  BIYER. 

This  station  is  located  on  the  Palonse  Biver  at  Hooper,  Washington. 
It  was  established  April  1, 1897,  by  the  land  department  of  the  North- 
ern Pacific  Eailroad.  September  9, 1897,  this  Survey  took  charge  of 
the  station,  placing  the  gage  rod  1  mile  beloyr  the  former  location  and 
opposite  the  water  tank,  and  stretching  a  cable  across  the  river  for 
discharge  measurements.  The  rod  is  inclined,  fastened  to  poHts  driven 
into  the  right  bank.  The  bench  mark  is  a  point  of  rock,  marked  with 
red  paint,  on  a  ledge  on  the  left  bank  of  the  river  opposite  the  gage, 
and  its  elevation  is  7.60  feet  above  datum.  When  the  new  gage  reads 
2.1  feet  the  height  on  the  Northern  Pacific  Railroad  gage  is  6.1  feet 
The  channel  is  gravelly  and  not  liable  to  change.  The  left  bank  is  high 
and  can  not  overflow.  The  right  bank  overflows  in  extreme  high 
water.  The  initial  point  for  sounding  is  the  cable  post  on  left  banL 
The  station  is  about  3  miles  above  the  mouth  of  Cow  Greek  and  2  milei 
below  the  head  of  the  ditch  of  the  Palouse  Irrigation  Company,  carrying 
25  second-feet  when  full  The  observer  is  Frank  Hill,  rancher.  Dis- 
charge measurements  were  made  by  Gyrus  0.  Babb  in  1897,  as  follows: 

September  9,  gage  height,  2.10  feet ;  disobarge  73  second-feet. 
October  1,  gage  beigbt,  1.90  feet;  discbarge,  50  second-feet. 

Dailfi  gage  heigkif  in  feet,  of  Palouee  Biver  at  Hooper,  Waehington,  for  1SS7. 


Day. 

Apr. 

May. 

Jane. 

July. 

1 
Aug. 

Sept. 

Oct 

Nor. 

Dee. 

1 

10.10 

9.85 

10.18 

10.11 

0.98 

9.98 

9.97 

10.22 

10.08 

0.90 

9.80 

10.16 

10.58 

10.15 

0.80 

0.97 

10.04 

10.17 

10.25 

10.30 

10.24 

10.10 

9.80 

0.40 

0.08 

6.80 

8.60 

8.72 

8.80 

8.74 

8.45 

&ao 

8.10 
8.12 
8.00 
7.98 
7.98 
&12 
8.00 
7.00 
7.66 
7.44 
7.40 
7.20 
7.05 
7.06 
7.05 
7.11 
7.00 
6.89 
6.78 
6.63 
6.55 
6.40 
6.40 
6.39 
6.88 
6.88 
6.87 
6.22 
6.18 

6.08 
6.06 
6.03 
6.01 
6.95 
5.94 
6.93 
6.02 
6.21 
6.20 
6.15 
6.07 
6.07 
6.07 
6.10 
6.10 
6.18 
6.28 
6.55 
7.20 
7.50 
7.20 
7.00 
6.88 
6.85 
6.77 
6.62 
6.58 
6.62 
6.50 

6.42 
5.42 
6.42 
6.42 
6.50 
6.50 
6.46 
6.86 
6.81 
6.26 
6.20 
6.16 
6.46 
6.89 
6.81 
6.22 
6.18 
6.12 
6.06 
6.02 
6.90 
5.99 
6.94 
5.98 
5.93 
6.92 
5.91 
6.80 
6.70 
6.66 
5.60 

5.55 
5.52 
6.62 
6.68 
6.65 
5.65 
5.72 
6.82 
6.85 
6.86 
6.92 
6.88 
5.80 
6.80 
6.80 
6.80 
6.78 
5.77 
5.95 
6.97 
6.95 
5.89 
5.87 
6.89 
6.82 
6.86 
6.90 
6.91 
6.85 
5.82 
5.80 

"iio* 

2.20 
2.10 
2.10 
2.20 
2.20 
2.10 
2.10 
2.00 
2.00 
2.00 
2.00 
2.00 
2.00 
2.00 
1.90 
1.90 
1.90 
1.90 
1.90 
1.90 
1.00 

1.90 
1.90 
1.95 
2.00 
2.00 
1.96 
1.95 
1.90 
1.90 
1.95 
2.00 
2.00 
1.95 
1.90 
1.90 
1.90 
1.95 
1.96 
1.95 
2.00 
2.00 
2.00 
2.00 
2.00 
2.00 
a.  05 
2.06 
2.00 
2.00 
2.00 
2.00 

2.00 

2.00 

2.06 

2.05 

2.05 

2.05 

2.20 

2.20 

2.10 

2.20 

2.25 

2.30 

2.50 

2.70 

8.50 

8.90 

3.00 

3.40 

8.40 

8.60 

4.35 

4.80 

4.70 

4.20 

4.00 

8.65 

8.60 

8.50 

3.40 

8.80 

ISO 

2 

8.80 
3.00 
S.7D 
3.  OP 
&0P 
5.0D 
6i95 
7.00 
7.05 

8 

4 

6 

6 

7 

8 

Q 

10 

11 

C.N 

12 

&I0 

4.10 

0.90 
7.55 

7.00 
&I0 
5.40 
5l» 
ilO 
i» 
iOO 
490 
L» 
435 
4.00 
i«5 

7.W 
7.40 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

26 

27 

28 

29 

30 

81 

Resdiuga  on  Northern  Pacific  Bailroad  cage  April  1  to  August  31.   United  States  Geolo(ic«l  Stf*? 
ige  estaolished  September  9  and  located!  mile  Wow  Kortfiem  Pacific  T^q^ad  gage,  aiM  alio**' 
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SSLAH  STATION  ON  YAKIMA  RIVER. 

station  is  located  on  the  Yakima  Biver  at  the  Northern  Pacific 
hj  bridf^e,  or  first  crossing  of  the  Yakima,  7  miles  above  the  town 
th  Yakima,  Washington.  It  was  established  by  Gyms  0.  Babb, 
9, 1897,  after  the  Naches  station  had  been  discontinued,  with  the 
lat  the  difference  in  discharge  between  this  station  and  the  one 
on  Gap  wonld  give  approximately  the  discharge  of  the  Natches 
The  gage  is  the  wire  type,  the  rod  being  fastened  to  the  gnard 
the  bridge,  west  span,  lower  side.  The  length  of  gage  wire  is  39 
The  pnlley  distance  is  2  feet.  The  bench  mark  is  the  top  of  the 
sill  of  the  clearance  posts,  about  150  leet  west  of  the  bridge,  and 
vation  is  35.2  L  feet  above  gage  datnm.  During  the  months  of 
nber  and  October  the  bridge  was  undergoing  repairs,  and  gage 
s  could  not  be  kept.  The  observer  is  Pat  Gallagher,  section 
m.    The  following  measurements  were  made  in  1897  by  Gyrus  G. 


19,  gage  height,  10.77  feet;  discharge,  13,904  second-feet. 
^9  g^^  height,  8.88  feet;  discharge,  7,424  second-feet. 
10>  g^o  height,  7.60  feet;  discharge,  4,859  second-feet. 
18,  gmge  height,  6.90  feet;  discharge,  3,185  second- feet. 
3|  g^®  height,  7.10  feet;  discharge,  3,636  second-feet. 
10,  gage  height^  6.28  feet;  discharge,  2,300  second-feet. 
17,  gage  height,  5.81  feet;  discharge,  1,751  second-feet. 
29,  gage  height,  5.15  feet;  discharge,  1,019  second- feet. 
Bt  13,  gage  height,  4.91  feet;  discharge,  810  second-feet. 

}aily  gage  height^  in  feet,  of  Yakima  Biver  at  Selahj  Waakingtan,  far  1897. 


Day. 

May. 

Jane. 

July. 

Aug. 

Cot. 

Nov. 

Dec. 

8.40 
8.20 
8.10 
7.80 
7.60 

6.90 
6.00 
7.20 

"*7.'io* 

6.90 
6.80 
6.60 
6.50 
6.30 

'6"io' 

6.10 
6.10 
6.00 
5.90 
5.90 

*5.*86' 
5.70 
5.60 
5.60 
5.60 
5.60 

4.90 
4.90 
4.90 
4.90 
4.90 
4.90 

6.20 
6.20 
6.20 
6.20 

"6.26 
0.20 
6.60 
6.80 
6.80 
6.80 

"6.' 80 
6.40 
6.40 
6.30 
6.10 
6.10 

"6.' 66 
5.90 
5.90 
5.70 
5.60 
6.60 

"5' 60 
6.00 
8.60 
9.20 
8.80 

5.00 
5.00 
5.00 
4.00 
4.90 
4.90 

7.50 
7.70 
7.80 
7.60 
7.30 
7.20 

4.90 
4.90 
4.90 
5.70 
6.50 
7.60 

4.90 
4.90 
4.90 
4.90 
4.80 
4.80 

7.20 
7.20 
7.00 
7.00 
7.00 
0.00 
6.80 
6.70 
6.00 
7.30 
7.30 
7.20 
7.20 

"Tio' 

7.00 
6.00 

7.30 
7.00 
6.60 
7.00 
12.80 
11.60 

"'9.16' 
8.40 
7.90 
7.40 
6.90 
6.30 

"*6.'a6' 

6.20 

4.80 
4.80 
4.80 
4.70 
4.70 
4.70 

4.90 
4.90 
4.90 
4.90 

10.80 
10.60 
10.40 
10.30 

9.70 
0.20 
8.00 
8.70 
8.50 
8.30 

'  4.90 
4.90 
4.90 
4.90 
4.90 
4.90 

5.40 
5.30 
5.30 
5.20 
5.10 
5.10 

&30 
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NORTH  TAKIMA  STATION  ON  NAGHSS  RIYBR. 

This  station,  as  described  in  the  Eighteenth  Annaal  Beport,  Part  IV, 
page  355,  is  located  at  the  highway  bridge,  2  miles  from  North  Yakima, 
W  ashington,  at  the  month  of  the  river.  The  rod,  a  2  by  6  inch  tim- 
ber, is  fastened  to  the  crib  bulwark,  just  below  the  highway  bridge. 
The  flood  of  November,  1896,  modified  the  channel  very  greatly,  depos- 
iting a  large  mass  of  coarse  gravel  and  small  bowlders  along  the  riglit 
side  of  the  channel  at  the  section,  so  that  the  rod  was  50  feet,  more  or 
less,  from  the  edge  of  the  water  at  low  stages.  The  current  is  swift, 
even  at  low  water.  On  account  of  the  instability  of  the  channel  the 
station  was  abandoned  in  February,  1897,  although  a  number  of  dis- 
charge measurements  were  made  during  the  season.  The  station  vas 
located  below  the  heads  of  a  number  of  ditches.  May  19, 1897,  a  station 
was  established  on  the  Takima  Biver,  5  miles  above  the  mouth  of  the 
Naches,  at  the  Northern  Pacific  Eailway  bridge  near  Selah,  Washio;- 
ton,  with  the  idea  that  the  difference  in  discharge  between  this  ststk» 
and  the  one  at  Union  Gap  would  give  approximately  the  discharge  of 
the  Naches  River.  IVo  dit-ches,  those  of  the  Moxee  Valley,  are 
taken  out  between  the  two  x>oiuts,  but  their  amount  is  about  counter- 
balanced by  that  received  from  Ahtanuni  Creek  and  the  wastage  at 
Old  Town.  The  following  discharge  measurements  were  made  in  1897 
by  Cyrus  C.  Babb  and  Sydney  Arnold : 

Jane  10,  discharge,  3,178  second-feet. 
Jane  18,  discharge,  1,993  second-feet. 
July  29,  discharge,  781  second-feet. 
September  22,  discharge,  385  second-feet. 
November  15,  discharge,  1,500  second-feet. 

Daily  gage  height,  in  feet,  of  Naches  River  at  North  Takima,  WaehingUm,  for  1897. 


Day. 

1 

Jan. 

3.00 
3.00 
2.90 
2.90 
3.00 
3.00 
8.00 
8.00 

Feb. 

3.00 
3.00 
3.00 
2.00 
2.90 
2.00 
2.90 
2.80 

Day. 

Jan. 

Feb. 

Day. 

17 

18 

19 

20 

21 

22 

23 

24 

Jan. 

Feb. 

[     Day. 

Jao. 

1  J::::::: 

i  3 

i  S::::::: 

8 

9 

10 

11 

12 

18 

14 

15 

16 

3.00 
2.90 
2.90 
2.90 
2.80 
2.80 
2.70 
2.70 

2.80 
2.70 
2.70 
2.70 
2.60 
2.60 
2.60 
2.60 

2.70 
2.70 
2.80 
3.10 
3.30 
3.60 
3.60 
3.50 

2.50 
2.50 
2.40 
2.40 

25 

1  26 

27 

28 

29 

30 

31 

3.50 
3.40 
3.90 
3.20 
3.10 
S.1U 
3.10 

Feb. 
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UNION  OAF  STATION  ON  YAKIMA  RIVER. 

tttion,  described  in  the  Eighteenth  Annual  Report,  Part  lY, 
,  is  located  at  Union  Gap^  6  miles  below  North  Yakima,  Wash- 
•nd  1,000  feet  below  the  highway  bridge.  The  gage  rod  is 
and  is  attached  to  a  willow  stamp  and  to  posts  set  into  the 
bnd  loaded  with  rock.  The  bench  mark  is  a  stone,  marked 
39  feet  west  of  the  gage  and  8.5  feet  east  of  the  railroad  track. 
5  feet  above  gage  datum.  The  gaging  cable  and  car  is  about 
above  the  rod.  The  channel  of  the  river  is  straight  for  sev- 
Ired  feet,  both  above  and  below  the  cable.  During  floods  a 
f  the  water  passes  through  a  depression  in  the  left  bank,  and 
t  be  measured  from  the  bridge.  The  right  bank  is  high  and 
)verflow.  The  observer  is  Ed.  Farmer,  section  foreman.  The 
'  measurements  were  made  in  1897  by  Gyrus  G.  Babb : 

i;age  height,  10.90  feet;  discharge,  19,234  seoond-feet. 
^ge  height,  9.40  feet;  diBoharge,  15,543  second-feet, 
age  height,  8.15  feet;  discharge,  8,938  second-feet, 
gage  height,  7.25  feet ;  discharge,  5,901  second-feet, 
age  height,  7.35  feet;  discharge,  6,275  second- feet, 
age  height,  6.45  feet;  discharge,  3,973  second- feet. 
;age  height,  6.05  feet ;  discharge,  3,097  second-feet, 
^age  height, 5.48  feet;  discharge,  2,361  second-feet. 
)  gs^  height, 4.80  feet;  discharge,  1,314  second-feet. 
er  6,  gage  height,  4.55  feet ;  discharge,  1,140  second- feet, 
er  21,  gage  height,  4.26  feet;  discharge,  683  second-feet. 

age  h^ht,  in  feet,  of  Yakima  Biver  at  Union  Oap,  Washington,  for  1897, 


' 

Jan. 

Feb. 

Mar. 

Apr. 

May. 

Jane. 

July. 

Aug. 

Sept. 

Oct. 

Nov. 

Dec. 

....... 

5.60 

6.80 

6.00 

6.80 

7.40 

7.60 

7.90 

7.90 

7.90 

8.70 

0.40 

8.40 

0.60 

0.60 

10.00 

jO.60 

10.00 

11.40 

*ii."66* 

12.00 

11.00 

11.00 

10.60 

0.00 

0.40 

9.60 

9.80 

9.70 

0.40 

9.10 

9.00 

9.20 

9.40 

9.60 

9.80 

9.60 

9.00 

9.00 

9.10 

9.20 

9.20 

9.10 

9.40 

9.90 

10.00 

11.40 

11.40 

11.40 

11.20 

10.90 

10.80 

10.40 

10.20 

10.00 

9.80 

9.60 

9.40 

9.20 

0.10 

9.00 

8.90 

&70 
8.60 
8.50 
8.30 
8.20 
8.10 
8.00 
8.30 
8.20 
7.90 
7.80 
7.60 
7.70 
7.50 
7.40 
7.30 
7.20 
7.20 
7.00 
6.90 
6.80 
7.10 
7.40 
7.4« 
7.30 
7.20 
7.10 
7.80 
7.20 
7.10 

7.20 
7.40 
7.35 
7.20 
7.10 
6.90 
6.70 
6.60 
6.50 
6.30 
6.30 
6.20 
6.10 
6.00 
6.00 
6.00 
5.90 
5.80 
5.80 
5,70 
5.60 
5.50 
5.50 
5.40 
5.40 
5.30 
5.30 
5.20 
6.10 
5.10 
5.10 

4.90 
4.80 
4.80 
4.80 
4.80 
4.80 
4.80 
4.80 
4.80 
4.70 
4.70 
4.70 
4.70 
4.70 

"4.*  60* 
4.60 
4.60 
4.50 
4.50 
4.60 
4.50 
4.50 
4.40 
4.40 
4.40 
4.40 

4.40 
4.30 
4.30 
4.40 
4.40 
4.40 
4.40 
4.40 
4.40 
4.40 
4.40 
4.40 
4.30 
4.30 
4.30 
4.30 
4.20 
4.20 
4.30 
4.30 
4.80 
4.30 
4.20 
4.20 
4.20 
4.30 
4.20 
4.20 
4.20 
4.30 

4.30 
4.30 
4.30 
4.30 
4.20 
4.20 
4.30 
4.20 
4.20 
4.20 
3.20 
4.20 
4.20 
4.20 
4.20 
4.20 
4.20 
4.20 
4.20 
4.20 
4.30 
4.40 
4.40 
4.50 
4.50 
4.50 
4.40 
4.40 
4.50 
4.50 
4.40 

4.40 
4.40 
4.40 
4.40 
4.40 
4.40 
4.40 
4.40 
4.50 
4.80 
5.00 
6.50 
7.20 
7.00 
6.80 
5.90 
5.80 
6.10 
11.00 
11.60 
9.60 
9.00 
8.30 
7.70 
7.80 
6.90 
6.70 
6.60 
6.60 
6.80 

6.30 
6.30 
6.20 
6.10 
6.00 
6.80 
6.90 
7.10 
7.00 
6.90 
6.80 
6.70 
6.70 
6.60 
6.50 
6.40 
6.30 
6.10 
6.10 
5.00 
5.80 
5.60 
5.70 
5.70 
5.60 
5.60 
5.70 
5.70 
5.70 
8.80 
8.20 

5.60 

6.40 

►•••"•* 

5.20 
6.10 
5.10 
5.10 
5.30 
5.30 
5.20 
5.10 
5.10 
5.20 
6.00 
6.80 
6.40 
6.20 
6.40 
6.80 
0.60 
6.60 

5.40 

5.50 

6.70 

6.00 
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WKNATOHEB   STATION  ON   WENATOHEB   BIVBB. 

This  Htatioii  is  located  on  the  Wenatchee  Biver  at  the  wagon  bridge, 
6  miles  above  its  mouth  and  7  miles  from  Wenatchee,  Washington.  It 
was  established  November  1, 1897.  The  rod  is  vertical  and  fsistened 
to  the  face  of  the  second  wooden  pier  from  the  north.  Observations  of 
heights  were  taken  at  the  bridge  site  of  the  Wenatchee  Waterpower 
Oompany  by  0.  Nasten,  engineer  in  charge,  5  miles  below  the  station, 
and  redaced  to  the  station  gage  by  having  simultaneous  readings  at 
both  points  on  September  13,  November  1,  14,  and  20,  respectively. 
Both  banks  of  the  river  at  the  station  are  high  and  not  liable  to  over- 
flow. The  bed  of  the  river  is  composed  of  bowlders  and  the  current  is 
quite  swift,  even  at  low  stages.  The  canal  of  the  Wenatchee  Water- 
power  Company  is  taken  out  about  1  mile  above  the  station.  The  fol- 
lowing are  the  discharge  measurements  made  in  1897  by  Gyrus  O.  Babb 
and  G.  Nasten: 

September  13,  gage  height,  0.30  foot;  disoharge,  900  second-feet. 
November  1,  gage  height,  0.00  feet;  discharge,  706  second- feet. 
Novein1)er  14,  gage  height,  1.24  feet;  discharge,  2,770  second-feet. 
November  20,  gage  height,  5.10  feet;  discharge,  13,280  second-feet. 

DaUjf  gage  h^ht,  in  feet,  of  Wenatchee  Biver  at  Wenatchee,  WaeMrngton,  far  18S7, 


Day. 
I.. 

Ang. 

Sept. 

Oct. 

0.22 
.15 

Nov. 

0.00 
.00 
.00 
.00 
.00 
.00 
.00 

Day. 

Ang. 

S«pt. 

Oct. 

Nov. 

Day. 

Aug. 

Sept. 

Oct. 

Nov. 

12... 

0.00 
.35 
.80 
.20 
.00 

2.18 
1.66 
1.25 

28... 

0.36 
.85 
.62 

"."is" 

.38 
.36 
.80 

0.80 

I 

2.. 

18... 

0.80 

24... 

8.. 

14... 

25... 

.22 
.12 
.08 

4.. 

.00 
.00 
.00 
.00 
.00 
.00 

15... 

28... 
27... 

0.82 

6.. 

16... 
17... 

0.95 

.15 
.15 
.15 

6.. 

28... 

7.. 

8.. 

1.22 

6."  is" 

18... 

.00 
.00 
.00 
.00 
.22 

*6.'io' 

29... 

.00 
.00 

19... 

SO... 

9.. 

20... 

.26 
.82 
.35 

31... 

10.. 

21... 

11.. 

.00 

22... 
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WHITMAN   STATION   ON  WALLA  WALLA  RIYEB. 


station,  located  on  Wallawalla  Kiver,  7  miles  below  Wallawalla, 
igton,  was  established  July  19,  1897,  for  the  parx)ose  of  deter- 
the  amount  of  water  available  for  the  several  canals  taken  oat 
The  gage  is  an  unasaal  form,  consisting  of  a  horizontal  timber 
s  square  by  14  feet  long,  fastened  to  two  vertical  posts  6  feet 
nd  set  in  the  ground  at  the  edge  of  the  bank  of  the  river,  with 
I  of  the  timber  projecting  out  over  the  water.  On  this  hori- 
timber  is  then  placed  a  wire  gage.  The  distance  from  the  end 
weight  to  the  wire  index  is  19.62  feet  and  the  outside  edge  of 
ley  at  the  end  of  the  timber  is  4.27  feet  from  the  zero. .  The  bench 
3  a  nail  driven  into  the  southwest  comer  of  the  barn,  70  feet 
f  the  gage,  and  1  foot  above  the  sill.  Its  elevation  is  11.00  feet 
latum.  Discharge  measurements  are  to  be  taken  from  a  foot 
sion  bridge,  near  by.  The  channel  is  gravelly  aiid  the  banks 
1  high.  The  observer  is  Mrs.  W.  F.  York,  post  of&ce,  Walla- 
yV'ashmgton.  A  gaging  on  August  26,1897,  was  made  by  Syd- 
nold;  gage  height,  0.86  feet;  discharge,  78  second-feet. 

gag€  height,  in  feet,  of  Wallawalla  Biver  at  Whiimanf  WaehingUm,  for  1897, 


July. 

Aug. 

Sept. 

Oct. 

Nov. 

1.30 
1.80 
1.30 

Dec. 

2.35 
2.22 
2.12 

Day. 

July. 

Aug. 

Sept. 

Oct. 

1.25 
1.20 
1.20 

Nov. 

1.90 
2.08 
2.32 

Dec. 

0.00 
.88 
.88 

0.95 

.08 

1.00 

1.20 
1.20 
1.20 

17 

0.88 
.88 
.82 

1.15 
1.15 
1.15 

2.55 
2.35 

2.20 

18 

10 

1.00 

.88 

1.00 

1.20 

1.30 

2.02 

20 

1.00 

.82 

1.15 

1.20 

2.35 

2.20 

.88 

1.05 

1.20 

1.80 

2.18 

21 

1.00 

.88 

1.15 

1.20 

2.28 

2.15 

.88 

1.15 

1.20 

1.30 

2.35 

22 

1.00 

.82 

1.15 

1.20 

2.15 

2.10 

.88 

1.15 

1.20 

1.80 

2.92 

23 

1.00 

.82 

1.15 

1.25 

2.15 

2.05 

.88 

1.20 

1.20 

1.80 

3.05 

24 

1.00 

.82 

1.15 

1.25 

2.12 

2.05 

.88 

1.20 

1.20 

1.30 

2.88 

25 

1.00 

.82 

1.15 

1.25 

2.05 

2.05 

.88 

1.18 

1.20 

1.38 

2.68 

26 

.08 

.82 

1.15 

1.25 

1.98 

2.12 

.88 

1.15 

1.20 

1.05 

2.80 

27 

.95 

.82 

1.15 

1.30 

1.00 

2.25 

.88 

1.15 

1.20 

1.00 

2.88 

28 

.02 

.82 

1.15 

1.30 

1.85 

2.75 

.88 

L15 

1.22 

2.05 

2.80 

20 

.88 

.82 

1.15 

1.30 

1.86 

3.20 

.88 

1.15 

1.30 

2.02 

3.00 

30 

.M 

.85 

1.20 

1.30 

2.20 

3.75 

.88 

1.15 

1.30 

1.02 

2.88 

31 

.88 

.00 

1.30 

3.28 

.88 

L15 

1.25 

1.00 

2.72 

< 
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GIBBON  STATION  ON  XTMATTLUL  RIYBB. 

This  station,  described  in  the  Eighteenth  Annual  Beport,  Part  lY, 
page  361,  is  located  aboat  one-half  mile  west  of  the  railroad  station  at 
Gibbon,  Oregon.  The  lower  section  of  the  old  gage  rod  was  carried 
oat  by  the  floods  in  March,  but  a  temi)orar7  rod  was  used  until  a  per- 
manent one  was  placed  June  12,  400  feet  downstream.  It  consists  of  a 
substantial  rod  4  inches  square  by  14  feet  long  fastened  to  a  rock  by 
two  one-half-inch  bolts,  soldered  into  holes,  drilled  into  the  rock.  The 
bench  mark  for  this  new  gage  is  a  cross  in  black  paint  on  the  highest 
point  of  the  rock  to  which  the  rod  is  fastened.  Its  elevation  is  4.40  feet 
above  datum,  also  marked  on  the  rock.  One  foot  in  elevation  on  the  rod 
is  equal  to  2.71  feet  along  its  length.  The  section  under  the  cable,  at 
which  discharge  measurements  were  made,  was  also  so  modified  by  the 
March  freshets  that  it  was  found  necessary  to  remove  the  cable  and  car 
to  a  better  location  one-quarter  of  a  mile  below.  The  channel  here  is 
straight  for  a  distance  above  and  below.  The  bed  of  the  river  is 
gravelly.  The  initial  point  for  soundings  is  on  the  right  bank.  The 
observer  is  W.  Swart,  telegraph  operator  at  Gibbon.  The  following 
discharge  measurements  were  made  in  1897  by  Gyrus  G.  Babb: 

May  5,  gage  height,  4.10  feet;  diBcharge,  2,141  second-feet. 
May  22,  gage  height,  2.05  feet ;  discharge,  624  second-feet. 
May  27,  gage  height,  1.36  feet;  discharge,  448  second-feet. 
June  7,  gage  height,  1.00  foot;  discharge,  233  second-feet. 
June  12,  gage  height,  0.80  foot;  discharge,  168  second-feet. 
Jnly  5,  gage  height,  1.16  feet;  discharge,  265  second-feet. 
July  20,  gage  height,  0.59  foot;  discharge,  118  second-feet. 
Angust  27,  gage  height,  0.30  foot;  discharge,  83  second-feet. 

Daily  gage  height,  in  feet,  of  Umatilla  Bivfr  at  Gibbon,  Oregon,  for  2897. 


Day. 

Jan. 

Feb. 

Mar. 

Apr. 

May. 

June. 

July. 

Aug. 

Sept. 

Oct. 

Not. 

0.40 

.40 

.40 

.40 

.40 

.40 

.40 

.45 

.SO 

.80 

.90 

.95 

L90 

I.  SO 

1.06 

1.06 

L» 

2.00 

1.90 

2.00 

L80 

1.90 

1.90 
L59 
LI0 
L» 
L80 
L20 
L40 
100 

Dee. 

1 

2 

1.80 
1.76 
1.70 
1.70 
1.65 
1.66 
1.60 

i.eo 

1.60 
1.60 
1.55 
1.66 
1.56 
1.56 
1.66 
1.50 
1.50 
1.50 
1.70 
1.66 
1.65 
1.65 
1.65 
1.60 
1.60 
L60 
1.60 
1.66 
1.66 
1.70 
1.75 

1.80 
2.00 
2.60 
2.80 
2.90 
2.90 
2.80 
2.60 
2.40 
2.90 
2.80 
2.90 
3.10 
3.10 
2.96 
2.80 
2.50 
2.40 
2.20 
2.20 
1.90 
1.80 
1.66 
1.60 
1.50 
1.60 
1.60 
1.66 

1.80 
2.00 
1.90 
1.90 
1.90 
1.80 
1.80 
1.70 
1.70 
1.60 
1.56 
1.56 
1.50 
1.60 
1.60 
1.60 
1.70 
1.70 
1.70 
1.65 
1.65 
1.65 
1.60 
8.06 
6.66 
6.06 
4.20 
8.80 
8.60 
8.86 
3.16 

3.06 
8.05 
3.00 
3.00 
3.20 
3.40 
3.50 
3.70 
4.00 
5.00 
4.90 
4.80 
4.70 
6.05 
6.38 
5.60 
6.00 
6.05 
5.65 
4.70 
8.95 
3.70 
8.70 
8.60 
3.60 
4.40 
4.40 
8.00 
3.60 
8.60 

3.40 
3.40 
3.60 
3.75 
4.10 
4.40 
3.66 
3.20 
3.00 
3.00 
3.10 
3.10 
3.20 
3.10 
8.06 
3.00 
3.16 
2.90 
2.60 
2.40 
2.20 
2.08 
L80 
1.86 
L60 
L86 
1.25 
1.26 

i.ao 

1.20 
1.80 

1.20 

1.16 

1.10 

1.10 

1.00 

1.00 

1.00 

1.00 

.90 

.85 

.85 

.80 

.80 

.80 

1.10 

1.25 

1.16 

1.10 

1.00 

.05 

.85 

.90 

.85 

.86 

.86 

1.00 

.96 

.00 

.86 

.86 

0.86 
1.06 
1.30 
1.20 
1.15 
1.10 
1.00 
.95 
.90 
.85 
.80 
.80 
.76 
.70 
.70 
.65 
.66 
.60 
.60 
.60 
.56 
.66 
.50 
.60 
.60 
.60 
.46 
.46 
.46 
.46 
.46 

0.45 
.46 
.45 
.46 
.46 
.45 
.45 
.45 
.45 
.46 
.45 
.46 
.46 
.46 
.40 
.40 
.40 
.40 
.86 
.86 
.86 
.36 
.85 
.85 
.85 
.36 
.80 
.80 
.80 
.80 
.60 

0.40 
.36 
.86 
.85 
.35 
.60 
.45 
.45 
.40 
.40 
.40 
.40 
.35 
.35 
.85 
.35 
.85 
.85 
.30 
.80 
.80 
.80 
.80 
.80 
.80 
.80 
.85 
.85 
.85 
.85 

0.36 
.86 
.35 
.36 
.36 
.35 
.35 
.35 
.35 
.85 
.36 
.40 
.40 
.40 
.40 
.40 
.36 
.36 
.36 
.40 
.40 
.40 
.40 
.46 
.46 
.40 
.40 
.40 
.40 
.40 
.40 

1 

LOO  : 
l.» 

3 

l.» 

4 

l.W 

5 

« 

7 

8 

185  j 

9 

1«  , 

10 

11 

12 

l» 

13 

IW  1 

14 

14J 

16 

16 

2.» 

17  

L» 

18 

19  

1.W  1 
1.70 

20 

21 

22 

23  

^i 

24 

26 

28 

1-2  i 

27  

l9  ! 

28 

29 

30 

31 

l» 

-  — 

_--- 

I 
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MORO  STATION  ON  DESCHUTES  RIVER. 

lis  station  is  located  on  the  Deschutes  Eiver^  near  Moro,  Oregon, 
liles  east  of  The  Dalles,  Oregon,  at  the  ranch  of  the  observer,  J.  E. 
ris,  3  miles  above  what  is  known  as  the  ^^firee  bridge.'^  The  rod  is 
ned.  The  bench  mark  is  the  head  of  a  nail,  at  elevation  8.41  feet, 
le  large  alder  tree  to  which  the  rod  is  spiked.  The  discharge  meas- 
Eients  are  taken  at  the  iron  bridge  below.  The  section  here  is  poor, 
ig  to  the  swift  cnrrent.  The  bed  is  rocky  and  aneven.  A  measure- 
t  made  on  September  27, 1897,  by  Cyrus  C.  Babb,  gave  gage  height^ 
feet;  discharge,  5,962  second-feet. 

Daily  gage  height,  in  feet,  of  Deschutes  River  at  Moro,  Ch-egon,  for  1897. 


>•>. 

Got. 

Nov. 

Deo. 

Day. 

Oct. 

Nov. 

Dec. 

Day. 

Oct. 

Nov. 

Dec. 

« 

2.00 
2.00 
2.00 
2.00 
2.10 
2.20 
2.30 
2.30 
2.30 
2.40 
2.40 

2.20 
2.20 
2.10 
2.10 
2.10 
2.30 
8.30 
3.40 
3.40 
3.20 
3.20 

12 

2.60 
2..'>0 
2.40 
2.40 
2.40 
2.50 
2.00 
2.80 
3.10 
2.80 
2.60 

3.40 

3.20 

4.10 

3.40 

3.20 

3.10 

3.00 

2.80  ' 

2.60 

2.60  1 

2.50  i 

1 
1 

23 

24 

26 

26 

27 

28 

29 

30 

31 

2.10 
2.00 
2.00 
2.00 
2.00 
2.00 
2.00 
2.00 
2.10 

2.60 
2.40 
2.30 
2.30 
2.20 
2.20 
2.20 
2.10 
2.10 

2.50 
2.40 
2.40 
2.40 
2.80 
2.70 
8.10 
3.00 
2.10 

13 

14 

16 

16 

17 

18 

• 

19 

20 

2r 

32 

2.00 
2.10 
2.00 
2.10 

TtJOKERS  STATION  ON  HOOD  BIVSB. 

his  station  is  located  at  Tuckers,  5  miles  south  of  Hood  River, 
gon.  It  was  established  October  20, 1897,  by  Cyrus  0.  Babb.  The 
6  is  of  the  wire  type.  The  rod  is  nailed  to  a  wooden  member  of 
bridge.  The  length  of  the  gage  wire  is  33.85  feet,  and  the  pulley 
feet  from  end  of  rod.  At  gage  height  1.50  the  water  is  30.10  feet 
)w  edge  of  floor  at  side  of  inner  inclined  wooden  brace  at  station 
feet  from  east  end,  lower  side.  The  bottom  is  a  rock  ledge  and  the 
»  are  precipitous.  The  observer  is  B.  B.  Tucker,  proprietor  of  a  saw- 
I.    Measurements  were  made  as  follows  in  1897  by  Gyrus  O.  Babb : 

ptember  28,  gage  height,  1.70  feet ;  diacharge,  541  second- feet, 
stober  20,  gage  height,  1.50  feet;  discharge,  459  second-feet. 

Daily  gage  height,  in  feet,  of  Hood  River  at  Tuckers,  Oregon,  for  1897, 


Dmy. 

Oct. 

Nov. 

Deo. 

Day. 

Oct. 

Not. 

Dec. 

Day. 

Oct. 

Not. 

Deo. 

1 

1.60 
1.50 
1.50 
.1.60 
1.70 
1.80 
1.60 
1.70 
2.10 
4.60 
4.80 

3.40 
3.00 
2.80 
3.70 
6.70 
7.50 
7.30 
7.00 
5.50 
5.00 
4.90 

12 

5.20 
5.70 
3.80 
3.20 
8.00 
4.20 
9.00 
7.80 
5.60 
5.20 
4.10 

5.10 
5.00 
6.50 
5.40 
5.00 
4.60 
3.00 
3.90 
3.50 
3.50 
3.10 

23 

24 

25 

26 

27 

28 

29 

30 

31 

1.80 
1.90 
1.80 
1.70 
1.60 
1.60 
1.60 
1.60 
1.60 

3.50 
3.10 
2.90 
2.90 
2.60 
2.50 
2.70 
4.00 

2.90 
2.00 
3.40 
4.00 
5.00 
8.97 
7.60 
6.00 
5.40 

2 

18 

3 

14 

4 

15 

5 

16 

6 

17 

7 

18 

8 

19 

9 

20 

21 

22 

1.50 
1.90 
1.80 

10 

11 

IBB  16- 


6 
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SEGUIN  STATION  ON  DUNGENESS  BITEB. 

This  station  is  located  at  a  county  bridge  near  Segoin  Postoffice,  18 
miles  soatheast  of  Port  Angeles,  Washington,  and  9  miles  above  the 
month  of  the  river.  It  was  established  July  5,  1897,  by  A.  Judson 
Adams.  The  gage  consists  of  a  vertical  rod  fastened  to  the  down- 
stream side  of  the  crib  abutment  on  the  right  bank  of  the  river.  The 
bencli  mark  is  a  spike  in  the  root  of  a  fir  stump  4  feet  in  diameter,  about 
20  feet  north  of  north  end  of  bridge,  the  elevation  being  12.75  feet  above 
gage  datum.  The  initial  point  for  sounding  is  on  the  right  bank.  The 
channel  is  straight  for  some  distance  above  and  below  the  station. 
The  right  bank  is  high  and  not  liable  to  overflow.  The  left  bank  is  low 
and  is  flooded  during  freshets.  The  observer  is  David  Duncan,  farmer. 
Discharge  measurements  were  made  as  follows  by  A.  Judson  Adams 
in  1897 : 

Jaly  5,  gago  height,  6.06  feet ;  discharge,  546  second-feet. 
Aagiist  17)  gago  height,  4.81  feet;  discharge,  357  second- feet. 
November  4,  gage  height,  4.36  feet;  discharge,  165  second-feet. 

Daily  gage  height,  in  feet,  of  Dungeneu  Eiver  at  Seguin,  Washington,  for  18S7, 


Day. 

July. 

Aug. 

• 

Sept. 

Oct. 

Nov. 

Deo. 

Day. 

• 
July. 

Aug. 

Sept. 

Get. 

Hot. 

I 

1 

4.10 
4.00 

1 

4.70 
4.70 
4.70 

4.80 
4.50 
4.55 

4.30 
4.25 
4.25 

4.50 
4.40 
4.40 

4.20 
5.20 
5.10 

17 

18 

10 

4.95 
4.90 
4.90 

4.80 
4.80 
4.85 

4.36 
4.40 
4.40 

4.20 
4.20 
4.20 

5.80 
8.10 
6.60 

2 

3.... 

4 

4.75 
4.80 

4.55 
4.50 

4.30 
4.25 

4.36 
4.35 

5.10 
5.70 

20 

21 

6.00 
4.96 

4.85 
4.90 

4.30 
4.36 

4.30 
4.25 

5.90 
5.70 

i« 

5.... 

5.05 

in 

6.... 

5.10 

4.80 

4.50 

4.25 

4.40 

6.26 

22 

4.90 

4.80 

4.40 

4.76 

5.50 

i.» 

7.... 

5.05 

4.80 

4.40 

4.20 

4.40 

7.40 

23 

4.90 

4.80 

4.40 

5.05 

5.40 

3.n 

8.... 

5.00 

4.80 

4.40 

4.20 

4.30 

6.10 

24 

4.90 

4.75 

4.40 

4.70 

5.35 

3.  IS 

9.... 

5.00 

4.80 

4.40 

4.20 

4.40 

5.50 

25 

4.86 

4.70 

4.40 

4.60 

5.30 

3.  SO 

10.... 

5.00 

4.80 

4.35 

4.25 

4.86 

5.20 

26 

4.80 

4.55 

4.40 

4.50 

5.90 

3.1* 

11.... 

5.10 

4.80 

4.35 

4.30 

5.05 

6.20 

27 

4.80 

4.55 

4.40 

4.50 

6w20 

7.M 

12.... 

5.20 

4.75 

4.35 

4.40 

5.06 

5.00 

28 

4.80 

4.60 

4.40 

4.46 

5.10 

S.» 

13.... 

5.05 

4.70 

4.40 

4.80 

4.85 

8.00 

29 

4.80 

4.55 

4.40 

4.45 

5.20 

5.S0 

14.... 

5.05 

4.70 

4.40 

4.25 

4.85 

5.20 

30 

4.80 

4.55 

4.36 

4.45 

5.30 

5.00 

15.... 

5.06 

4.70 

4.40 

4.20 

4.00 

4.00 

31 

4.76 

4.76 

4.40 

l» 

16  ... 

5.00 

4.80 

4.85 

4.20 

4.00 

4.86 

WATEBSUBD   OF   NORTH   PACIFIC   COAST. 
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MCDONALD  STATION  ON  BLWHA  BIYEB. 

3  station  is  located  9  miles  southwest  of  Port  Angeles  at  MoDon- 
lallam  County,  Washington,  at  the  new  county  bridge  and  was 
ished  October  8, 1897,  by  A.  Judson  Adams.  The  horizontal  rod 
)  wire  gage  is  nailed  to  the  railing  of  the  north  side  of  the  bridge, 
foot  mark  being  opposite  the  fourth  upright  post  counting  from 
^t  end  of  the  bridge.  The  leugth  of  the  gage  wire  is  49.26  feet, 
tie  distance  from  the  end  of  the  rod  to  outside  edge  of  pulley  is 
3et.  The  bench  mark  is  the  top  edge  of  the  top  side-rail  on  the 
side  of  the  bridge  at  the  third  upright  post  from  the  east  end  of 
ridge,  and  its  elevation  is  41.34  feet  above  gage  datum.  The  iui- 
3int  for  soundings  is  on  the  right  bank.  The  channel  is  straight 
me  distance  above  and  below  the  station.  Both  banks  are  high 
[>cky  and  will  not  overflow.  The  bed  of  the  stream  is  rocky.  The 
^er  is  Thomas  H.  Stringham,  postmaster  at  McDonald.  The  fol- 
g  measurements  of  discharge  were  made  by  A.  Judson  Adams  in 


ber  8,  gage  height^  0.95  foot ;  diaoharge,  406  second-feet, 
imber  28,  gage  height,  8.00  feet ;  discharge,  4,623  Becoud-feet. 

aily  gage  height,  in  feet,  of  Elwha  Biver  at  McDonald,  Washington,  for  1897, 


^7- 


Oct. 


1.00 
1.00 
1.U0 
1.00 


Nov. 


1.20 
1.15 
1.15 
1.20 
1.25 
1.22 
1.22 
1.25 
3.30 
2.45 
3.60 


Deo. 


2.40 
2.00 
1.45 
2.60 
2.85 
4.5u 
6.40 
5.20 
4.30 
4.25 
3.95 


Day. 


12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 


Oct. 


1.10 

1/22 

.05 

.90 

.85 

.85 

.80 

1.25 

1.45 

2.65 

2.20 


Nov. 


2.40 
2.20 
2.15 
2.05 
1.95 
2.05 
U.50 
5.40 
4.00 
3.30 
3.05 


J^vC. 


8.45 
3.60 
4.60 
3.80 
3.20 
8.50 
2.50 
2.45 
2.40 
2.50 
2.10 


Day. 


23 
24 
25 
26 
27 
28 
29 
30 
31 


Oct 


2.50 
1.60 
1.85 
1.35 
1.30 
1.30 
1.25 
1.25 
1.20 


Nov. 


2.65 
2.35 
2.10 
1.95 
1.00 
1.45 
2.50 
2.90 


Dec. 


2.00 
2.10 
2.35 
2.55 
6.90 
8.95 
6.87 
4.55 


( 
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FORKS  STATION  ON  OAI^OWA  RIVER. 

This  station  is  located  at  the  coanty  highway  bridge  in  the  aoath* 
western  part  of  Clallam  County  near  Forks,  Washington,  and  is  reached 
by  steamer  to  Clallam  Bay,  thence  overland  30  miles  by  wagon.  It  was 
established  November  12,  1897,  by  A.  Judson  Adams.  The  horizontal 
rod  of  the  wire  gage  is  nailed  to  the  railing  of  the  wagon  bridge.  Both 
banks  are  high  and  rocky  and  do  not  overflow.  The  bed  of  the  stream 
is  gravelly.  The  observer  is  H.  O.  Whittter,  a  farmer,  iK>st-offioe,  Forks, 
Washington.  The  following  discharge  measurements  were  made  by 
A.  Judson  Adams  in  1897: 

September  6,  gage  height, feet;  discharge,  467  second-feet. 

November  12^  gage  height,  3.66  feet ;  discharge  1,494  seoond-feet. 

Daily  gage  height,  in  feet,  of  Calowa  Biver  at  Forks,  Waehington,  for  1897, 


Day. 

Nov. 

Deo. 

Day. 

Nov. 

Dec. 

Day. 

Nov. 

Deo. 

Day. 

Nov. 

3.00 
2.15 
3.00 
2.80 
8.00 
6.40 

Dec. 

1  

4.00 
3.80 
3.00 
3.85 
6.70 
6.45 
0.60 
0.40 

9 

6.45 
6.50 
7.10 
5.70 
10.25 
8.00 
5.40 
4.30 

• 

17 

18 

10 

20 

21 

22 

28 

24 

10.60 

17.00 

7.25 

5.00 

4.ro 

4.05 
5.55 
3.10 

3.75 
3.30 
3.90 
2.70 
2.56 
2.40 
2.35 
2.40 

25 

96 

27 

28 

29 

30 

31 

3.96 
4.70 
15.M 
10.50 
6. 06 
5.00 
4.10 

2 

10 

3 

11 

4 

12 

13 

14 

16 

16 

3.85 
8.00 
8.40 
2.96 
2.70 

5 

6 

7 

8 

QUILLAYTJTB  STATION  ON  SOLDUOK  BIYBR. 

This  station  is  located  at  the  connty  highway  bridge  abont  9  mOes 
northeast  of  Lapash,  in  southwestern  part  of  Clallam  Connty,  near 
Qaillaynte,  Washington,  and  was  established  November  13,  1897,  bj 
A.  Judson  Adams.  The  horizontal  rod  of  the  wire  gage  is  fastei^ed  to 
the  railing  of  the  wagon  bridge.  The  channel  is  straight  for  soiii«  dis- 
tance above  and  below  the  station.  The  banks  are  high  and  rockj 
and  do  not  overflow.  The  bed  of  the  stream  is  composed  of  rocks  and 
gravel.  The  observer  is  Peter  Van  Bossche,  a  farmer,  address  Qnil* 
layute,  Washington.  The  following  measurements  were  made  by  ^ 
Judson  Adams  in  1897 : 

September  1,  gage  height, feet;  discharge,  S58  second-feet.    ' 

November  13,  gage  height,  4.00  feet ;  discharge,  1,896  second- feet. 

Daily  gage  height,  in  feet,  of  Solduck  Biver  at  Quillayute,  Washington,  for  1S97. 


Day. 

Nov. 

Doc. 

Day. 

Nov. 

Doc. 

Day. 

Nov. 

Deo. 

Day. 

Nov. 

8.75 
8.65 
8.<0 

Dec. 

1 

4.95 
4.30 
3.90 
3.65 
6.80 
5.45 
0.10 
8.05 

9 

7.15 
6.45 
7.10 
6.35 
7.55 
8.90 
6.30 
6.40 

17 

18 

19 

20 

21 

22 

23 

24 

3.96 
11.90 
8.36 
5.00 
5.40 
4.90 
4.40 
4.00 

4.75 
4.85 
4.06 
8.80 
3.60 
3.45 
8.30 
8.80 

25 

26 

27 

28 

20 

30 

81 

i» 

2 

10 

4.(10 

a 

11 

•.» 

4 

12 

8.40  li» 

5 

\lv.::::: 

15 

16 

4.00 
8.46 
3.10 
2.90 

8.90 
5.55 

(.15 

6 

7 

8 

WATERSHED   OF   BAN   FRANCISCO   BAY. 
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JBLLYS  FBRRT  STATION  ON  SACRAMENTO   RIVER. 


This  station,  as  described  in  the  Eighteenth  Annual  Report,  Part 
TV  J  page  365,  is  located  about  12  miles  above  the  town  of  Bedbluft',  Cal- 
ifornia, at  a  crossing  of  a  county  road  at  Jellys  Ferry.  The  observer, 
Fred  Lemstrom,  is  the  ferryman.  The  ferry  cable  is  used  in  the  discharge 
measurements.  The  gage  consists  of  a  vertical  rod  marked  to  tenths  of 
a  foot.  It  is  made  in  three  sections  and  nailed  firmly  to  trees.  Besides 
the  gage  rod  at  this  point,  another  rod  is  located  1,206  feet  upstream 
from  the  gage  and  another  350  feet  downstream,  in  order  to  determine 
the  slope  of  the  water  surface.  Bench  mark  No.  1  is  on  an  oak  tree  on 
the  left  bank  1,206  feet  upstream  from  the  ferry  and  65  feet  north  of  the 
upper  rod,  and  is  22.724  feet  above  gage  datum.  Bench  mark  !No.  2  is 
on  an  oak  tree  on  the  left  bank  of  the  river  300  feet  below  the  cable, 
and  is  22.429  feet  above  gage  datum.  The  channel  for  1,000  feet  above 
and  below  the  station  is  nearly  straight.  The  right  bank  is  high,  but 
the  left  bank  is  liable  to  overflow  when  the  water  rises  above  the  25-foot 
mark.  The  bed  of  the  stream  consists  of  gravel,  and  changes  slightly. 
The  following  discharge  measurements  -were  made  in  1897  by  J.  B. 
Lippincott  and  Fred  Lemstrom: 


[ 


Bate. 


Kar.13. 

Mar.  29. 

Apr.    3. 

Apr.  16. 

Apr.SO. 

May  14. 
I  May  28. 
I    Jane  11 


Oage 
h«tght 


Fe€t. 

10.30 

14.40 

10.85 

12.20 

10.30 

9.00 

7.50 

6.50 


Dia- 
ohorge. 

See.  ft. 
18,568 
|28, 319 
21, 519 
25,806 
18,544 
14, 719 
10,193 

7,277 


Date. 


Jnne  28 
July  13. 
July  28.. 
Aug.  13. 
Aug.  28. 
Sept.  13 
Sept.  28 
Oct.  13.. 


Qaee 
height. 

Dis- 
charge. 

See.  ft. 

Date. 

Feel. 

6.42 

6,493 

Oct.  28... 

5.95 

5,032 

Nov.  13  .  - 

6.70 

5,082 

Nov.  28.. 

5.60 

4,285 

Dec.  13... 

6.50 

4,490 

Dec.  17... 

5.50 

4,257 

Dec.  17... 

5.50 

4,418 

Dec.  28... 

5.60 

4,591 

Oage 
hei^t. 


Dis- 
charge. 


Feet 

5.70 

5.70 

5,95 

7.40 

6.85 

6.85 

5.96 


Secft. 
4,202 
4,196 
6,179 
10, 151 
8,195 
8,802 
6,105 


BEDBLUFP  STATION. 

This  station,  as  described  in  the  Eighteenth  Annual  Beport,  Part  lY, 
P^ge  362,  is  located  at  the  wagon  bridge  in  the  town  of  Bedbluff,  Gali- 
^otnia.  The  observations  of  gage  heights  are  maintained  by  the  Weather 
^Ureau  and  are  taken  by  Maurice  Oonnell.  The  vertical  rod,  30  feet 
^^S;  is  nailed  to  a  large  sycamore  tree  on  the  left  bank  of  the  river 
^boat  25  feet  above  the  bridge. 
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Daily  gage  height,  in  feet,  of  Sacrafnento  River  at  Jelly  8  Ferry ,  California,  for  1897. 


Day. 

Jan. 

Feb. 

Mar. 

Apr. 

1 

13.10 
11.25 
10. 25 
9.50 
9.00 
8.65 
8.45 
8.25 
8.05 
7.85 
7.75 
7.60 
7.65 
7.60 
7.50 
7.40 
7.25 
7.10 
7.00 
7.00 
6.95 
6.90 
6.90 
6.95 
7.00 
6.90 
6.90 
7.45 
17.45 
13.95 
13.80 

19.76 
19.20 
18.70 
20.53 
23.77 
22.60 
20.30 
16.00 
15.40 
14.00 
12.75 
12.25 
11.55 
11.15 
11.00 
13.10 
12.00 
11.30 
13.90 
18.20 
11.55 
10.65 
10.16 
9.85 
9.90 
10.00 
10.10 
10.00 

16.46 

13.45 

12.36 

11.60 

11.90 

11.76 

12.20 

11.95 

11.75 

11.20 

10.60 

10.30 

0.85 

9.56 

9.45 

0.65 

9.75 

9.60 

0.55 

0.55 

9.10 

8.85 

8.65 

8.50 

8.70 

10.15 

10.10 

16.90 

14.55 

13.10 

12.16 

12.65 
11.35 
10.85 
10.55 
10  50 
10.70 
11.20 
.11.25 
11.35 
11.55 
12.00 
12.05 
12.00 
11.05 
12.10 
12.20 
12.15 
12.25 
12.45 
13.05 
12.10 
11.56 
11.16 
10.85 
10.80 
11.00 
11.20 
11.00 
10.66 
10.30 

2 

3 

4 

5 

6 

7 

8 

0 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

26 

27 

28 

29 

30 

31 

May. 


10.20 
10.05 
0.90 
0.90 
0.95 
9.95 
9.60 
0.25 
O.OU 
8.95 
0.20 
0.06 
9.05 
9.00 
8.85 
8.80 
8.65 
8.50 
8.30 
8.30 
8.20 
8.10 
8.00 
8.00 
7.90 
7.70 
7.60 
7.45 
7.80 
7.30 
7.20 


June. 

July. 

Aug. 

7.15 

6.25 

5.70 

7.10 

6.20 

6.70 

7.00 

6.20 

6.70 

6.95 

6.20 

5.70 

6.90 

6.15 

5.60 

6.80 

6.10 

5.60 

6.70 

6.10 

5.60 

6.70 

6.  10 

5.60 

6.60 

6.10 

5.60 

6.60 

6.00 

5.60 

6.60 

6.00 

6.60 

6.60 

6.00 

6.60 

6.40 

6.00 

6.60 

6.40 

6.00 

5.60 

6.55 

5.90 

5.60 

6.50 

6.90 

6.60 

6.40 

6.00 

5.60 

6.30 

5.80 

5.60 

6.35 

5.80 

5.50 

6.80 

5.80 

5.50 

7.20 

5.80 

6.50 

6.05 

6.80 

5.60 

6.85 

6.80 

6.50 

6.65 

5.80 

6.50 

6.55 

5.80 

5.50 

6.50 

5.70 

6.50 

6.50 

6.70 

6.50 

6.40 

5.70. 

5.50 

6.40 

6.70 

5.50 

6.30 

6.70 

5.50 

6.70 

6.60 

Sept. 

Oct. 

6.50 

6.50 

6.50 

6.60 

5.50 

5.60 

6.50 

5.50 

5.50 

6.50 

5.50 

5.50 

5.50  ' 

6.50 

Kov. 


D«r.  ' 


6.50 
5.50 
5.6o 
5.50 
6.50 
5.50 
5.50 
5.50 
5.50 
5.50 
5.50 
5.50 
6.50 
5.50 
6.50 
6.50 
6.50 
6.50 
5.60 
5.50 
5.50 
6.50 
6.60 


6. 
5. 
5. 
5. 


50 
50 
50 
50 


6.50 
5.60 
6.60 
6.  to 
6.60 
5.60 
5.60 


6. 
5. 
5. 
5. 


60 
60 
70 

70 


6.00 
6.30 
5.80 
5.80 
5.70 
6.70 
5.70 
6.70 


6.70 
5.70 
6.70 
6.70 
5.70 
5.70 
5.70 
5.70 
5.70 
6.70 
5.70 
5.70 
5.70 
5.70 
5.70 
6.70 
5.  70 
6.70 
5.70 
6.10 
6.30 
6.00 


7. 
6. 
6. 
6. 


00 
60 
30 
10 


6.00 
5.90 
6.90 
5.90 


5.90 
5.90 
5.80 
5.86 
5.80 
6.00 
6.50 
9.70 
7.80 
7.» 
8.40 
8.30 
7.40 
8.99 
7.80 
7.  SO 
6.M 
6.00 
6.50 
6.40 
6.30 
6.10 
6.10 
6.10 
6.00 
6.00 
5.90 
5.90 
5.90 
5.90 
S.90 


I 


Daily  gage  height,  in  feet,  of  Saeramento  Biver  at  Redbluff,  California,  for  1S97. 


Day. 


X  •  •  •  •  • 

2 

8 

4 

D  -  ■  •  « • 

7 

8 

0 

10 

11 

12 

18 

14 

15 

16 

X  fl  •  ■  ■  •  • 

18 

19 

20 

21 

22 

23 

24 

25 

26 

27 

28 

29 

30 

81 


Jan. 


Feb. 


7.2 
6.1 
6.7 
6.2 
4.9 
4.4 
4.3 
4.1 
8.0 
3.6 
8.4 
3.0 
3.2 
3.0 
8.1 
2.4 
2.2 
2.1 
2.0 
2.0 
2.0 
2.0 
2.0 
2.0 
2.0 
2.0 
2.0 
2.4 
14.0 
11.1 
10.0 


16.0 

16.6 

14.0 

17.7 

20.7 

21.6 

15.6 

13.2 

11.6 

10. 0 

9.6 

8.6 

7.5 

7.0 

7.1 

8.5 

8.2 

7.4 

10.0 

11.0 

7.6 

6.7 

6.0 

6.9 

6.8 

5.9 

5.6 

6.9 


Mar. 


13.6 
11.0 
8.6 
8.0 
7.8 
7.8 
7.0 
6.0 
7.6 
6.0 
6.0 
6.0 
6.6 
5.2 
6.0 
5.0 
6.3 
6.3 
6.1 
4.9 
4.6 
6.0 
6.2 
6.1 
6.1 
8.6 
10.7 
9.0 
8.6 
8.1 
8.4 


Apr. 


7.9 
7.6 
7.4 
6.5 
6.1 
6.1 
6.8 
7.1 
7.0 
7.4 
7.8 
8.0 
8.0 
7.8 
8.0 
8.0 
8.1 
8,1 
8.1 
8.0 
8.0 
8.0 
7.6 
7.4 
7.1 
7.0 
6.0 
6.8 
6.6 
6.0 


May. 


6.0 
6.1 
6.9 
6.8 
6.6 
6.3 
6.9 
6.0 
6.0 
6.0 
5.0 
5.0 
4.0 
4.9 
4.8 
4.6 
4.3 
4.2 
4.2 
4.0 
4.0 
4.0 
4.1 
4.1 
4.1 
4.1 
3.8 
3.7 
3.7 
8.7 
8.7 


Jnne. 


2.3 
2.8 
2.3 
2.0 
2.0 
2.0 
1.9 
1.9 
1.7 
1.7 
1.6 
1.5 
1.3 
1.0 
l.O 
l.O 
1.0 
1.0 
1.8 
2.0 
2.9 
1.9 
2.0 
2.0 
1.4 
1.4 
1.0 
1.0 
1.0 
1.0 


July.'  Aag. 


1.0 
1.0 
1.0 
1.0 
1.0 
.9 
.0 
.9 
.9 
.8 
.7 
.7 
.7 
.6 
.5 
.5 
.6 
.3 
.8 
.2 
.2 
.2 
.1 
.1 
.1 
.1 
.1 
.1 
.1 
.1 
.1 


Sept. 


0.6 
7 
3 
2 


Oct 


Nov.     Dec. 


I 


0.0 
.2 
.3 
.2 
.1 
.1 
.1 
.1 
.1 
.0 
.0 
.1 
.3 
.6 
.4 
.3 
.2 
.1 
.1 
.2 
.4 
1.0 
1.2 
1.0 
1.0 
.8 
.7 
.6 
.5 
.6 
.3 


0.3 
.3 
.6 
.5 
.5 
.4 
.3 
.8 
.3 
.3 
.3 
.3 
.3 
.3 
.3 
.4 
.4 
.6 
.8 
1.0 
1.3 
1.4 
.9 
.9 
.4 
.4 
.4 
.4 
.4 
.4 


0.4 
.4 
.0 

L3 
12 
3.4 
7.2 
&5 
5.3 
4.4 
5.0 
49 
3.9 
4.0 
10 
1.9 
1.4 
l.« 
1.* 
1.0 
1.0 
1,0 
1.0 
1.0 
LO 
1.0 
1.0 
1.0 
1.0 
.9 


WATERSHED   OP   BAN   FRANCISCO    BAY. 
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OAKDALE  STATION  ON  STANISLAUS  RIVER. 

tation,  described  in  the  Eighteenth  Annual  Beport,  Part  lY, 
,  is  located  at  the  wagon  bridge  one-half  mile  north  of  the  town 
ale^  California.  One  gage  rod  is  set  between  the  south  or  left 
)rs  of  the  wagon  bridge  on  the  side  toward  the  water,  and  can 
&om  the  bridge.  The  datum  is  27.92  feet  below  the  top  of  the 
;t  iron  pier  of  the  wagon  bridge.  A  rod  for  the  lowest  readings 
ver  is  125  feet  below  the  wagon  bridge  on  the  left  bank  and 
to  the  same  datum.  A  secondary  gage  for  determining  the 
the  river  is  attached  to  the  crib  abutment  of  the  Southern 
tailroad  bridge,  1,071  feet  below  the  wagon  bridge  and  referred 
>me  datum  as  the  upper  gage.  Its  zero  is  5.1)2  feet  below  the 
le  cap  on  the  piles  of  the  south  crib  pier  of  the  railroad  bridge. 
r  has  settled  during  the  last  year.  The  channel  of  the  river  is 
and  straight  above  and  below  the  station,  and  both  banks  are 
)ugh  to  prevent  overflow  in  all  except  extreme  conditions  of 
?he  bed  of  the  stream  at  this  point  is  of  sand  and  gravel  and 
only  slightly.  The  observer  is  Frank  Templin.  The  following 
e  measurements  were  made  in  1897  by  J.  B.  Lippincott  and  A. 
»be]l: 

7  ^%  gAge  height,  4.22  feet;  discharge,  1,346  second- feet, 
gage  height,  8.60  feet;  discharge,  6,754  second-feet, 
gage  height,  3.20  feet;  discharge,  1,015  second- feet. 
>er  5,  gage  height,  2.00  feet;  discharge,  144  second- feet. 
29,  gage  height  2.40  feet;  discharge,  223  second- feet, 
er  19,  gage  height  3.00  feet ;  discharge,  429  second-feet. 

f  gage  height,  infect,  of  Stanislaus  River  at  Oakdale,  California,  for  1897, 


Jan. 


3.60 
3.30 
3.10 
3.10 
3.00 
3.00 
3.00 
3.00 
3.00 
8.00 
2.90 
2.W 
3.00 
3.g3 
8.10 
3.00 
2.00 
2.90 
2.80 
2.90 
2.90 
2.90 
2.90 
2.90 
2.90 
2.90 
2.90 
2.90 
5.15 
4.53 
4.40 


Feb. 


8.66 
8.52 
6.10 

11.20 
9.50 

10.  uo 
6.90 
6.20 
5.50 
5.10 
4.80 
4.80 
4.50 
4.30 
4.20 
4.10 
6.07 
5.00 
5.47 
5.63 
5.00 
4.60 
4.40 
4.30 
4.30 
4.40 
4.50 
5.60 


Mar. 

Apr. 

May. 

Jnne. 

5.00 

5.60 

8.40 

6.60 

4.70 

5.00 

9.53 

6.20 

4.60 

4.90 

10.11 

6.00 

4.50 

4.80 

10.80 

6.00 

4.40 

4.90 

10.50 

5.90 

4.90 

5.10 

9.53 

6.90 

5  50 

5.50 

&80 

6.00 

5.10 

6.60 

8.20 

6.40 

4.90 

5.90 

&50 

6.50 

4.60 

6.50 

8.40 

5.80 

4.40 

7.00 

9.20 

5.40 

4.30 

7.40 

9.42 

6.10 

4.30 

7.60 

9.13 

5.20 

4.10 

8.20 

9.07 

5.40 

4.10 

8.70 

a77 

4.90 

4.10 

9.20 

8.62 

4.50 

4.40 

9.80 

8.45 

4.10 

5.15 

10.30 

8.20 

3.90 

5.13 

9.00 

8.90 

3.90 

4.60 

7.90 

9.53 

3.90 

4.50 

7.20 

0.03 

4.10 

4.30 

7.20 

0.23 

4.00 

4.30 

6.80 

10.60 

3.90 

4.30 

6.80 

10.10 

3.00 

4.50 

7.60 

0.10 

3.90 

4.80 

8.70 

8.00 

8.90 

4.80 

9.20 

8.00 

8.70 

7.40 

8.60 

8.20 

3.60 

6.00 

8.90 

8.20 

8.70 

5.40 

8.80 

8.00 

3.80 

5.10 

7.70 

July. 


3.80 
8.90 
4.00 
3.90 
3.80 
3.80 
3.70 
3.50 
3.60 
3.30 
3.10 
3.20 
3.20 
3.20 
3.20 
3.20 
3.20 
3.00 
2.90 
2.80 
2.80 
2.80 
"2.70 
2.70 
2.60 
2.60 
2.60 
2.50 
2.50 
2.60 
2.60 


Aug. 


2.40 
2.40 
2.40 
2.40 
2.30 
2.30 
2.30 
2.30 
2.30 
2.30 
2.30 
2.20 
2.20 
2.20 
2.20 
2.10 
2.10 
2.10 
2.10 
2.20 
2.30 
2.30 
2.20 
2.20 
2.20 
2.20 
2.20 
2.20 
2.20 
2.20 
2.20 


Sept 


Oct. 


2.20 
2.20 
2.10 
2.10 
2.00 
2.00 
2.00 
2.00 
2.00 
2.00 
2.00 
2.00 
2.00 
2.00 
2.00 
2.00 
1.90 
2.00 
1.90 
1.90 
1.90 
1.90 
1.90 
2.00 
2.00 
2.00 
2.00 
2.00 
2.00 
1.90 


1.90 
2.00 
2.00 
2.00 
2.00 
2.00 
2.00 
2.00 
2.00 
2.00 
2.00 
2.00 
2.00 
2.00 
2.20 
2.30 
2.20 
2.10 
2.10 
2.10 
2.10 
2.20 
2.20 
2.40 
2.60 
2.40 
2.30 
2.30 
2.30 
2.20 
2.20 


Nov. 


2.20 
2.20 
2.30 
2.30 
2.20 
2.20 
2.30 
2.30 
2.20 
2.20 
2.20 
2.30 
2.30 
2.20 
2.20 
2.20 
2.20 
2.20 
2.20 
2.20 
2.10 
3.00 
8.10 
3.50 
3.00 
2.80 
2.60 
2.50 
2.40 
2.40 


Dec. 


2.50 

2.50 

2.50 

2.40 

2.40. 

2.30 

2.40 

2.70 

4.40 

3.40 

8.10 

3.00 

3.40 

8.60 

3.20 

3.00 

2.90 

2.80 

2.80 

2.60 

2.80 

2.70 

2.60 

2  40 

2.70 

2.60 

2.50 

2.80 

2.90 

2.70 

2.70 
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LAGRANGE  STATION  ON  TUOLUMNE  RIYER. 

This  station,  described  in  the  Kigbteeenth  Annaal  Report.  Part  lY, 
page  378,  is  located  at  the  bridge  in  the  town  of  Lagrange,  Califoriiia, 
32  miles  from  Modesto.  The  vertical  gage  rod  is  fastened  to  timbers 
between  the  two  iron  piers  on  the  right  bank  of  the  river.  The  bench 
mark  is  a  nail  driven  into  the  bottom  of  the  west  post  of  the  fifth  bent 
south  of  the  south  iron  cylinder  and  is  15.31  feet  above  the  zero  of  tbe 
rod.  The  channel  both  above  and  below  the  bridge  is  straight  for  se?- 
eral  haudred  feet  and  the  velocity  of  the  stream  is  quite  unifonn. 
Both  banks  are  high  and  not  subject  to  overflow.  The  bed  is  of  graveL 
The  observer  is  Oleo  Pereira.  The  following  is  a  list  of  discharge 
measurements  made  by  J.  B.  Ijippincott  and  A.  Q.  Campbell  in  1897: 

Febraary  15,  gage  height,  5.80  feet ;  discharge;  1,864  second- feet. 
May  29,  gage  height,  9.25  feet ;  discharge,  11,594  second- feet. 
July  12,  gage  height,  5.70  feet;  discharge,  1,839  seoond-feet. 
September  7,  gage  height,  4.00  feet;  discharge,  95  aecond-ieet. 
October  30,  gage  height,  4.73  feet;  discharge,  534  seoond-feet. 
December  20,  gage  height,  4.85  feet ;  discharge  614  second-feet. 

Daily  gctge  heightf  in  feet,  of  Tuolumne  River  at  Lagrange,  Ca2t/on»ta,  for  18S7. 


Day. 


1. 
2. 


5. 


6. 

7. 

8., 

9. 
10. 
11. 
12. 
13. 
U., 
15. 
16. 
17. 
18. 
19. 
20. 
21. 
22. 
23. 
24. 
25. 
26. 
27. 
28. 
29. 
30. 
31., 


Jan. 


Feb. 


5.55 
5.25 
6.15 
5.20 
5.10 
6.10 
5.10 
5.10 
5.10 
5.00 
5.00 
5.00 
5.05 
5.40 
5.10 
5.10 
5.10 
5.00 
4.90 
4.90 
4.90 
4.05 
5.00 
5.00 
5.00 
5.35 
5.45 
0.40 
6.40 
6.65 
6.20 


8.96 
8.85 
9.05 
9.80 
8.95 
8.10 
8.30 
7.10 
6.90 
6.36 
6.20 
6.20 
6.20 
5.95 
5.80 
6.70 
7.00 
6.90 
6.70 
6.80 
6.50 
6.30 
6.10 
6.00 
6.00 
6.20 
6.30 
6.30 


Mar. 

Apr. 

Hay. 

June. 

6.30 

6.50 

8.70 

8.30 

6.40 

6.40 

8.90 

8.00 

6.40 

6.30 

9.30 

7.90 

6.20 

6.40 

9.50 

8.00 

6.10 

6.60 

9.70 

8.00 

6.80 

6.90 

9.80 

8.20 

6.80 

7.00 

9.90 

8.50 

6.30 

7.20 

9.50 

8.20 

6.30 

7.30 

9.80 

8.20 

6.20 

7.40 

9.70 

8.50 

6.20 

7.60 

9.00 

8.00 

6.10 

7.90 

9.30 

7.60 

6.10 

8.20 

9.20 

7.60 

6.00 

8.50 

9.10 

7.30 

6.00 

8.90 

0.70 

7.00 

6.00 

0.30 

9.00 

6.90 

6,00 

9.60 

8.80 

6.40 

6.70 

9.80 

8.60 

6.20 

7.80 

9.90 

8.90 

6.00 

6.50 

8.70 

0.20 

6.80 

6.60 

8.60 

9.60 

6.40 

6.20 

8.40 

10.00 

6.60 

6.10 

8.30 

10.10 

6.40 

6.30 

8.10 

10.20 

6.20 

6.40 

7.50 

10.30 

6.40 

6.70 

7.80 

0.00 

6.60 

6.70 

7.90 

9.20 

6.60 

9.00 

8.20 

0.10 

6.60 

8.70 

8.30 

9.20 

6.70 

7.40 

8.60 

9.30 

6.70 

6.60 

9.00 

July. 


6.60 
6.70 
6.80 
6.80 
6.90 
6.70 
6.60 
6,20 
6.00 
6.40 
6.80 
6.10 
6.20 
5.80 
6.60 
6.50 
6.40 
5.40 
6.40 
5.60 
5.40 
6.30 
6.20 
5.00 
6.00 
4.00 
6.00 
4.90 
4.80 
4.90 
4.70 


Aug. 

Sept. 

Oct 

Nov. 

4.70 

4.70 

4.10 

8.80 

4.60 

4.10 

3.80 

4.70 

4.60 

4.10 

3.80 

4.80 

4.60 

4.00 

3.80 

4.70 

4.60 

4.00 

3.90 

4.70 

4.60 

4.00 

8.90 

4.60 

4.50 

4.00 

3.90 

4.70 

3.80 

4.00 

3.80 

4.00 

4.80 

3.90 

3.80 

4.60 

4.60 

4.00 

8.80 

4.60 

4.50 

4.00 

4.70 

4.60 

4.60 

4.00 

4.00 

4.60 

4.30 

4.00 

3  80 

4.70 

4.80 

3.90 

3.90 

4.60 

4.30 

3.90 

3.00 

4.60 

4.30 

3.00 

4.40 

4.60 

4.10 

3.80 

4.80 

4.60 

4.10 

3.80 

4.70 

4.50 

4.20 

3.00 

4.30 

4.50 

4.30 

3.40 

3.80 

4.40 

4.30 

3.40 

3.90 

6.40 

4.20 

B.50 

3.00 

6.40 

4.20 

3.60 

8.90 

5.70 

4.10 

3.80 

6.00 

5.10 

4.10 

8.80 

4.70 

5.20 

4.10 

3.80 

4.60 

5.30 

4.20 

3.80 

4.60 

6.00 

4.10 

3.80 

4.50 

5.(10 

4.20 

8.80 

4.60 

6.00 

4.10 

8.80 

4.70 

5.00 

4.10 

4.70 

Dec. 


i» 
5.W 
3.00 
4.90 
4.W 
i» 
4.80 
COD 
&» 
5.» 
5.00 
i.» 
5.W 
5.40 
5.50 
i.» 
5.10 
5.10 
5.W 
5.40 
4.80 
480 
l» 
4.W 
4.80 
4.80 
4.80 
180 
480 
480 
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MODESTO  STATION  ON  TUOLUMNE  RIV^R. 

This  station,  described  in  the  Eighteenth  Annual  B^K)rt,  Part  lY, 
page  384,  is  located  one-half  mile  south  of  the  depot  and  at  the  wagon- 
road  bridge  at  Modesto,  Oalifomia.  The  gage  is'  a  vertical  rod  2  by  6 
inches,  feustened  on  the  soath  side  of  the  central  railroad  pier.  The  top 
of  the  rail  at  the  central  pier  is  46.05  feet  above  the  datam  of  the  gage. 
The  discharge  measarements  are  made  fh>m  the  wagon  bridge,  100  feet 
west  of  the  railroad  bridge.  The  initial  point  for  soanding  is  at  the 
pier  on  the  right  bank.  The  channel  above  and  below  the  station  is 
straight,  bnt  in  the  summer  stages  of  the  stream  the  current  is  very 
sluggish.  The  right  bank  shows  indications  of  overflow.  The  observer 
is  J.  T.  Beed.    No  discharge  measurements  were  made  in  1897. 

Daily  gage  heightf  infeet,  of  Tuolumne  River  ai  ModMto,  California,  far  1897, 


Jan. 
6.50 

Feb. 

11.97 

5.63 

18.00 

6.17 

11.79 

4.83 

9l17 

4.70 

13.88 

4.71 

19.25 

4.63 

12.25 

4.67 

12.50 

4.58 

9129 

4.56 

8.25 

4.48 

7.68 

4.44 

7.83 

4.19 

7.13 

4.75 

6.92 

5.79 

6.46 

5.04 

6.46 

4.88 

8.83 

4.86 

8.63 

4.46 

8.88 

4.38 

9.78 

4.29 

8.58 

4.21 

7.71 

4.13 

7.42 

4.17 

7.21 

4.17 

7.00 

4.13 

7.00 

4.13 

7.25 

4.04 

7.50 

8L45 

....... 

6.50 

6.54 

*  «  «  •  •  •  • 

Mar. 


7.42 
8.38 
7.58 
7.46 
6.96 
7.83 
9.83 
8.17 
7.60 
7.26 
7.13 
6-83 
6.63 
6.64 
6.46 
6.54 
6.73 
7.42 
9l86 
8.04 
7.50 
7.08 
6.75 
6.81 
7.08 
7.67 
7.88 
7.75 
12.67 
9.42 
8.25 


Apr. 


May. 


7.92 

8.25 

7.60 

7.46 

7.71 

7.88 

8.46 

8.92 

9.21 

9.83 

ia46 

11.21 

11.88 

11.96 

1L50 

12.96 

13.64 

14.21 

14.25 

13.04 

11.42 

11.08 

10.60 

9.92 

9.83 

10.83 

It  92 

18.21 

13u42 

13.25 


13.42 
13.46 
12.83 
14.17 
15.92 
16.54 
16.35 

15.  oa 

14.54 
13.33 
18.29 
14.29 
15.00 
15.21 
15.79 
15.04 
14.67 
14.04 
13.58 
14.79 
15.79 
1#.88 
17.29 
17.76 
17.92 
16.96 
15.46 
14.64 
16.08 
15.00 
15.04 


Jane. 


14.37 

13.00 

11.96 

U.04 

12.08 

12.25 

12.62 

12.83 

12.43 

12.08 

12.17 

10.87 

10.66 

11.25 

10.92 

9.42 

8.83 

8w33 

7.9S 

7.66 

&08 

8.12 

ao4 

8.19 
8.17 
8.04 
7.42 
7.58 
7.66 
7.98 


Jaly. 


Aug. 


8.17 
8.42 
8.58 
8.62 
8.17 
7.70 
7.54 
7.12 
6.75 
6.58 
6.50 
6.50 
6.87 
0.83 
6.88 
6.58 
6.70 
6.37 
6.64 
5.83 
6.88 
5.42 
5.26 
5.17 
5.12 
5.00 
4.96 
4.88 
4.79 
4.75 
4.66 


4.66 
4.58 
4.54 
4.50 
4.46 
4.87 
4.29 
4.21 
4.12 
4.08 
4.08 
4.17 
4.  IT 
4.08 
3.96 
3.92 
3.92 
3.83 
8.88 
3.92 
3.83 
3.83 
3.88 
3.96 
4.08 
4.17 
3.96 
8.87 
8.79 
3.75 
3.75 


Sept. 


3.70 
8.66 
8.58 
8.54 
8.60 
8.46 
3.88 
3.88 
8.88 
3.33 
3.83 
3.83 
3.26 
8.25 
3.25 
8.25 
8.17 
8.17 
3.17 
8.25 
8.26 
8  17 
8.17 
8.17 
8.17 
3.13 
3.17 
8.17 
3.17 
3.17 


Oot. 


8.13 
8.21 
3.25 
3.25 
8.17 
8.18 
8.26 
3.17 
3.29 
3.25 
8.21 
3.29 
3.37 
3.37 
3.29 
3.37 
3.62 
8.79 
3.96 
3.87 
3.66 
3.58 
3.54 
3.37 
3.96 
4.50 
4.42 
4.42 
4.25 
4.12 
4.08 


Nov. 


Dec. 


4.12 
4.25 
4.87 
4.08 
4.38 
4.12 
4.12 
4.04 
4.04 
4.04 
3.96 
4.08 
4.04 
3.96 
4.12 
4.12 
4.04 
3.92 
8.87 
3.83 
2.92 
8.08 
7.87 
7.08 
7.29 
6.26 
5.58 
5.12 
5.04 
4.75 


4.58 
4.75 
4.58 
4.54 
4.50 
4.25 
4.48 
4.21 
9.66 
7.38 
6.12 
5.62 
5.54 
6.04 
5.87 
5.58 
5.17 
5.00 
4.87 
4.54 
4.46 
4.37 
4.50 
4.50 
4.33 
4.25 
4.12 
4.04 
4.04 
4.04 
4.04 
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OPERATIONS  AT   RIVER   STATIONS,  1897. 


HERNDON  STATION  ON  SAN  JOAQUIN  RIYER. 

This  station*  as  described  iu  tbe  Eighteenth  Annual  Report,  Part 
lY,  page  385,  is  located  at  the  wagon  bridge  half  a  mile  north  of 
Hemdon  and  12  miles  north  of  Fresno,  California,  on  the  Sonthern 
Pacific  Kailroad.  The  gage  consists  of  a  vertical  rod  fastened  to  the 
lower  side  of  the  south  central  railroad  bridge  pier.  The  bench  mark 
is  at  the  south  end  of  the  wagon  bridge  trestle  on  the  west  side,  on  a 
nail  in  a  post  0.2  of  a  foot  above  the  ground  and  marked  by  a  ^'B.  M.'' 
cut  in  the  post.  The  elevation  above  rod  datum  is  24.12  feet.  A  gage 
on  the  same  datum  is  also  painted  on  the  southwest  cylinder.  The 
initial  point  for  soundings  is  on  the  lefb  bank  at  the  south  cylinder.  The 
channel  for  900  feet  above  and  3,000  feet  below  the  bridge  is  straight 
and  the  water  has  a  uniform  and  moderate  velocity.  There  are  do 
piers  in  the  bed  of  the  stream  to  disturb  the  current  and  the  section 
is  a  satisfactory  one.  The  right  bank  is  high,  rocky,  and  steep.  The 
bed  of  the  stream  is  sandy  and  gravelly.  The  observer  is  G.  G. 
Nelson.  The  following  discharge  measurements  were  made  byJ.  B 
Lippincott  and  A.  Q.  Oampbell  in  1897 : 

February  14,  gage  height,  3.58  feet;  diachargo,  1,117  second-feet. 
'  May  31,  gage  height,  8.60  feet;  discharge,  10,774  second-feet. 
July  16,  gage  height,  4.50  feet;  discbarge,  3,223  second-feet. 
September  8,  gage  height,  2.66  feet;  discharge,  271  second- feet. 
November  2,  gage  height,  2.92  feet;  discharge,  515  second-feet. 
December  21,  gagje  height,  3.00  feet;  discharge,  699  second- feet. 


Daily  gage  height,  in  feet,  of  San  Joaquin  Siver  at  Hemdon,  California,  for'lS97. 


1. 

2. 

3. 

4. 

6. 

6. 

7. 

8. 

9. 
10. 
11. 
12. 
13. 
U. 
15. 
16. 
17. 
18. 
19. 
20. 
21. 
22. 
23. 
24. 
25. 
26. 
27. 
28. 
29. 
30. 
31. 


I>ay. 


Jan. 


3.17 
3.00 
3.00 
2.92 
2.96 
3.00 
2.92 
2.92 
2.92 
2.92 
2.92 
3.00 
H.OO 
3.00 
3.08 
3.  00 
3.00 
3.00 
2.92 
2. 92 
2.92 

...  Otf 

2.83 
2.83 
2.83 
2.83 
2.83 


83 
83 
17 
38 


Feb. 

Har. 

Apr. 

May. 

June. 

Jnly. 

Aag. 

Sept 

1 

4,38 

4.00 

4.13 

7.50 

8.37 

4.92 

8.60 

2.83 

9.83 

4.64 

4.38 

7.46 

7.42 

5.21 

3.50 

2.83 

6.17 

4.00 

4.13 

7.67 

7.12 

5.21 

3.42 

2.83 

4.54 

4.00 

4.17 

8.79 

7.29 

5.26 

3.42 

2.83 

4.13 

4.00 

4.21 

9.13 

7.12 

6.00 

3.42 

2.83 

6.46 

8.75 

4.17 

9.25 

7.25 

9.00 

3.29 

2.83 

5.00 

6.29 

4.33 

9.21 

7.12 

4.79 

3.25 

2.75 

4.58 

4,79 

4.46 

8.38 

7.29 

4.50 

3.25 

2.07 

4.13 

4.17 

5.29 

8.25 

7.12 

4.25 

3.37 

2.07 

4.00 

4.00 

6.63 

8.25 

7.04 

4.12 

3.83 

2.54 

3.79 

4.00 

5.71 

8.42 

6.42 

4.12 

3.25 

2.50 

3.67 

3.92 

6.60 

8.58 

6.37 

4.29 

3.26 

2.50 

3.54 

3.83 

6.71 

9.08 

6.50 

4.37 

8.12 

2.50 

3.58 

3.83 

6.83 

9.25 

6.92 

4.79 

8.08 

2.50 

3.50 

8.83 

7.13 

8.96 

6.64 

4.68 

3.00 

2.42 

3.50 

3.76 

7.75 

8.67 

6.21 

4.50 

3.08 

2.33 

3.42 

3.92 

7.79 

8.13 

6.46 

4.33 

8.08 

2.38 

4.13 

3.83 

8.17 

8.21 

6.04 

4.86 

8.08 

2.33 

4.00 

4.75 

7.66 

8.13 

4.70 

4.12 

8.00 

2  38 

4.13 

4.08 

6.87 

7.92 

4.70 

3.96 

3.08 

2.42 

3.96 

4.00 

6.42 

8.83 

4.54 

3.92 

3.08 

2.42 

3.79 

3.92 

6.46 

9.50 

4.42 

3.87 

3.00 

2.33 

3.75 

3.83 

6.29 

9.96 

4.29 

3.83 

8.00 

2.83 

3.58 

4.00 

6.17 

10.17 

4.29 

3.66 

3.00 

2.33 

3.50 

8.92 

6.00 

9.70 

4.83 

8.50 

8.08 

2.33 

3.60 

4.00 

6.71 

9.12 

4.46 

3.50 

8.08 

2.33 

3.42 

4.60 

7.46 

8.58 

4.21 

3.50 

3.08 

2.33 

8.96 

4.29 

7.67 

8.79 

4.21 

3.50 

3.00 

2.33 

6.38 

7.67 

8.87 

4.37 

3.60 

8.00 

2.33 

4.20 

7.54 

8.70 

4.54 

8.60 

3.00 

2.33 

4.08 

8.54 

8.60 

2.92 

Oct. 


2.33 
2.50 
2.50 
2.50 
2.50 
2.50 
2.50 
2.50 
2.42 
2143 
2.42 
2.42 
2.42 
2.50 
2.50 
2.75 
2.75 
2.50 
2.50 
2.50 
2.50 
2.50 
2.50 
2.64 
2.87 
8.08 
3.08 
3.00 
2.92 
2.92 
2.98 


Nov.     D«. 


2.92 

2.92 

2.92 

^92 

2.75 

2.75 

2.75 

2.75 

2.66 

8.66 

2.66 

2.66 

8.79 

2.83 

2.75 

2.66 

2.50 

2.50 

2.50 

2.42 

2.42 

5.25 

4.06 

3.50 

4.33 

3.02 

4.54 

3.48 

3.04 

3.25 


3.06 
117 
ISO 

l» 
3.  IT 
3.06 
3.00 
100 

&.U 

i7» 

3.67 

133 

104 

117 

106 

112 

117 

ISO 

l» 

106 

100 

1« 

111 

2.11 

183 

3.63 

2.63 

117 

106 

106 

117 
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BED  MOUNTAIN  STATION  ON-  KINGS  BIYEB. 

station,  described  iu  the  Eighteenth  Annual  Report,  Part  lY, 
^0,  is  located  15  miles  east  of  Sanger,  California,  southwest  of 
^untaiii  and  3  miles  below  Jarrett's  place,  and  may  be  reached 
8  on  either  side  of  the  river  from  Sanger.  '  The  station  is  on 
\  called  "Lower  Section  of  !No.  9"  o^  the  lumber  flume.  The 
made  of  two  4  by  8-inch  timbers  14  and  20  feet  long,  respectively, 
the  ground  lender  a  rock  and  bolted  to  a  tree.  The  bench  mark 
IS  cut  in  the  top  of  a  granite  bowlder  11  feet  northwest  of  a  blazed 
re  tree  at  top  of  rod  and  18.045  above  the  zero  of  the  rod.  The 
K)int  of  measurement  is  on  the  left  bank,  the  "deadman"  being 
)n  50.  The  chs^nnel  above  and  below  the  station  is  quite  straight, 
ht  bank  is  high  and  rocky,  but  the  left  is  subject  to  overflow  in 
)  high  water.  The  bed  of  the  stream  is  of  large  gravel  and 
*s.  The  observer  is  Mrs.  Alice  House.  The  following  discharge 
sments  were  made  by  J.  B.  Lippincott  and  A.  Q.  Campbell  in 


iry  13,  gage  height,  5.18  feet;  discharge,  1,021  second-feet. 
,  gage  height,  6.82  feet;  discharge,  2,071  second-feet. 
,  gage  height,  10.02  feet;  discharge,  8,838  second-feet. 
S  g^g^  height,  7.17  feet;  discharge,  3,313  second-feet, 
iher  9,  gage  height,  4.10  feet;  discharge,  295  second- feet, 
ber  1,  gage  height,  4.57  feet;  discharge,  552  second-feet, 
ber  22,  gage  height,  4.70  feet;  discharge,  515  second-feet. 

f  gage  height,  in  feet,  of  Kings  Siver  at  Bed  Mountain,  California,  for  1897. 


y- 

J  tax. 

Feb. 

Mar. 

Apr. 

May. 

9.90 
9.10 
9.90 
10.50 
10.90 
11.30 
11.00 
10.90 
11.00 
11.00 
11.30 
11.40 
11.40 
11.60 
11.30 
10.60 
10.50 
10.60 
10.00 
11.00 
11.10 
11.60 
12.30 
12.40 
12.00 
11.60 
11.40 
11.50 
11.50 
11.10 
11.10 

Juno. 

July. 

Aug. 

S«pt. 

Oct. 

4.00 
4.00 
4.00 
3.90 
3.90 
3.90 
3.90 
3.90 
3.80 
3.80 
8.80 
3.90 
4.00 
4.00 
4.60 
4.00 
4.30 
4.30 
4.30 
4.80 
4.20 
4.10 
4.10 
4.30 
4.50 
4.50 
4.50 
4.60 
4.60 
4.60 
4.60 

Nov. 

4.60 
4.60 
4.60 
4.50 
4.40 
4.30 
4.30 
4.30 
4.40 
4.40 
4.30 
4.30 
4.30 
4.40 
4.80 
4.20 
4.20 
4.10 
4.10 
4.10 
6.60 
5.10 
6.40 
7.00 
5.90 
5.40 
5.00 
5.00 
4.90 
4.70 

Dec. 

4.30 

0.10 

6.00 
6.02 
6.03 
6.00 
5.00 
7.70 
8.20 
6.80 
6.40 
6.40 
6.20 
6.20 
6.00 
5.90 
5.80 
5.90 
6.00 
5.80 
6.80 
6.10 
5.90 
5.90 
5.70 
6.00 
6.20 
6.80 
6.70 
7.80 
7.20 
6.90 
6.60 

6.60 
6.60 
6.50 
6.60 
6.80 
7.50 
7.20 
7.50 
7.90 
8.00 
8.30 
8.80 
9.00 
9.30 
0.60 
0.70 
9.90 
10.10 
9.50 
8.80 
8.40 
8.80 
8.30 
8.20 
8.40 
9.20 
9.60 
9.70 
0.60 
9.70 

10.20 

10.40 

10.20 

10.20 

10.30 

10.40 

10.30 

10.00 

10.20 

10.20 

10.00 

0.80 

9.70 

9.60 

9.00 

8.40 

7.60 

7.40 

7.80 

7.00 

7.00 

7.30 

7.30 

7.40 

7.30 

7.30 

7.30 

7.20 

7.10 

7.20 

7.40 
7.80 
8.00 
7.70 
7.60 
7.40 
7.30 
6.70 
6.60 
6.70 
6.50 
7.00 
7.00 
7.20 
7.20 
7.20 
6.80 
6.50 
6.30 
6.20 
6.10 
6.10 
5.00 
6.00 
6.00 
5.90 
5.90 
5.50 
5.50 
5.40 
5.40 

5.50 
5.30 
5.30 
5.80 
6.10 
5.10 
5.00 
6.20 
5.00 
5.00 
4.90 
4.90 
4.80 
4.80 
4.70 
4.70 
4.70 
4.70 
4.80 
4.80 
4.90 
5.10 
5.00 
5.00 
4.90 
4.80 
4.70 
4.70 
4.60 
4.50 
4.30 

4.30 
4.30 
4.40 
4.80 
4.30 
4.20 
4.10 
4.10 
4.10 
4.00 
4.10 
4.00 
4.00 
4.00 
4.00 
4.00 
3.80 
3.90 
3.70 
3.70 
3.80 
3.80 
3.80 
3.90 
3.90 
3.80 
3.90 
3.90 
3.90 
3.90 

4.00 
4.90 
5.00 
4.90 
4.90 
4.70 
4.70 
9.80 
6.30 
5.70 
5.30 
5.00 
5.00 
5.20 
5.10 
4.70 
4.80 
4.80 
4.70 
4.70 
4.70 
4.70 
4.80 
4.80 
4.80 
4.60 
4.70 
4.60 
4.60 
4.60 
4.60 

5.00 
5.80 

5.60 

4.30 

4.30 

*" 

4.10 

0.30 
6.00 
5.90 
6.70 
5.50 
5.50 
5.50 
5.80 
6.00 
6.00 

:::::::i :: :: 

4.80 

4.30 

4.70 
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KINaSBUBG   STATION  ON  KINGS  RIYEB. 

This  Btation,  as  described  in  the  Eighteenth  Annual  Report,  Part  IT, 
page  393,  is  located  at  the  Southern  Pacific  Railway  bridge,  approxi- 
mately 1  mile  south  of  Kingsburg,  California.  The  vertical  gage^  the 
property  of  the  railway  company,  is  nailed  to  the  south  central  rail- 
road pier,  with  the  zero  31.66  feet  below  the  top  of  the  rail  of  the 
bridge.  The  channel  of  the  stream  at  the  wagon  bridge,  200  ffeet  below 
the  railroad  bridge,  where  discharge  measurements  were  first  made,  is 
badly  broken  by  the  piers  of  both  bridges.  The  direction  of  the  flow 
is  oblique  to  both,  and  the  channel  contains  shifting  sand  bars.  The 
right  bank  is  not  subject  to  overflow  except  in  very  high  water,  but  the 
left  bank  is  low.  Discbarge  measurements  subsequent  to  April  7, 1897, 
were  made  2  miles  above  the  railroad  bridge  at  Clark's  bridge  which 
crosses  the  river  in  one  span.  The  section  here  is  uniform  and  does 
not  change.  The  water  is  very  deep  and  slow.  The  observer  is  Alf. 
Thompson.  The  following  discharge  measurements  were  made  in  1897 
by  J.  B.  Lippincott  and  A.  Q.  Campbell: 

February  11,  gage  height,  5.58  feet;  discharge,  905  second- feet. 
April  6,  gage  height,  5.20  fi0)Bt,  discharge,  825  second-feet. 
June  3,  gage  height,  8.60  feet,  discharge,  5,959  second-feet. 
July  17,  gage  height,  5.02  feet;  discharge,  503  second-feet. 
September  10,  gage  height,  3.20  feet;  discharge,  221  second-feet. 
Novembers,  gage  height,  4.84  feet;  discharge,  465  second-feet. 
December  23,  gage  height,  4.80  feet;  discharge,  522 second-feet. 

Daily  gage  height,  in  feet,  of  King»  Biver  at  Kingsburg,  California,  for  18S7. 


1 

2. 

3. 

4. 

5. 

6. 

7. 

8. 

9. 
10. 
11. 
12. 
13. 
14. 
15. 
16. 
17. 
18. 
19. 
20. 
21. 
22. 
23. 
24. 
25. 
26. 
27. 
28. 
29. 
30. 
31. 


4.08 
4.00 
3.79 
3.67 
4.08 
4.00 
4.00 
3.67 
3.25 
3.26 
3.17 
8.25 
3.38 
3.92 
4.50 
4.08 
3.88 
3.58 
3.42 
3.42 
3.46 
3.50 
3.50 
3.60 
3.58 
3.50 
3.33 
3.20 
3.58 
3.54 
4.79 


Feb. :  Mar.  |  Apr. 


5.54 
8.58 
6.63 
6.21 
6.08 
7.13 
6.42 
6.04 
5.88 
5.83 
5.54 
5.33 
5.21 
5.04 
4.92 
4.83 
4.63 
5.75 
6. 96 
6.08 
6.00 
5.92 
5.63 
5.42 
5.42 
5.50 
5.50 
5.50 


5.63 
6.21 
5.79 
5.92 
5.54 


58 
58 
67 
6.00 
6.92 
5.58 
6.54 
5.46 
5.29 
5.17 
5.00 
5.00 
5.50 
5.67 
5.71 
5.71 
5.38 
4.83 
4.58 
4.58 
4.96 
5.71 
5.46 
7.04 
6.08 
5.50 


5.33 
5.79 
6.21 
4.92 
5.08 
5.21 
5.50 
5.75 
5.83 
6.13 
6.54 
6.58 
6.92 
7.33 
7.67 
7.88 
7.88 
8.13 
8.00 
7.54 
6.92 
6.71 
6.54 
6.29 
6.38 
6.71 
7.04 
7.54 
7.75 
7.83 


May. 


8.04 
7.50 
8.08 
8.83 
9.42 
9.58 
9.64 
9.33 
9.17 
9.38 
9.75 
9.71 
9.88 
10.04 
9.83 
10.04 
9.04 
8.79 
8.92 
9.29 
9.75 
10.04 
10.79 
11.33 
10.37 
9.92 
9.64 
9.66 
9.70 
9.70 
9.64 


Jane. 

July. 

8.83 

5.21 

8.25 

6.37 

8.08 

5.58 

8.12 

6.62 

8.12 

5.50 

8.33 

6.46 

8.87 

6.33 

8.21 

6.12 

7.96 

4.66 

8.00 

4.33 

7.62 

4.54 

7.37 

4.42 

7.42 

4.62 

7.29 

4.79 

7.12 

6.25 

6.92 

6.21 

6.17 

6.04 

5.75 

4.62 

5.54 

4.21 

5.46 

4.08 

5.17 

8.70 

6.04 

3.64 

5.29 

3.29 

6.37 

3.64 

5.46 

3.38 

6.64 

3.50 

5.29 

3.60 

6.26 

3.46 

6.21 

3.42 

6.17 

3.50 

3.92 

Aug. 


Sept 


4.00 
3.88 
3.75 
3.75 
3.76 
8.66 
3.50 
8.46 
3.60 
8.42 
8.46 
3.50 
3.42 
3.37 
8.25 
3.26 
3.25 
3.21 
3.00 
3.33 
3.33 
3.68 
3.50 
3.25 
3.25 
3.36 
8.96 
3.06 
8.26 
3.83 
8.17 


3.17 
8.29 
3.25 
3.26 
3.25 
3.26 
3.25 
3.25 
3.25 
3.17 
3.17 
3.17 
3.00 
8.04 
3.26 
3. 26 
3.26 
3.26 
3.26 
3.26 
3.25 
3.37 
3.33 
3.00 
3.04 
3.25 
3.26 
3.33 
3.33 
3.25 


Oct. 


Nov. 


Dec. 


3.29 
8.83 
8.83 
8.13 
3.08 
3.21 

Kb.  33 

3.50 
8.54 
8.67 
8.67 
8.71 
3.67 
3.75 
4.06 
4.79 
4.62 
4.50 
4.46 
4.50 
4.33 
4.29 
4.88 
4.60 
5.12 
5.06 
6.26 
6.21 
5.06 
6.00 
6.00 


5.00 
4.96 
4.83 
4.83 
4.75 
4.70 
4.66 
4.66 
4.37 
4.17 
4.17 
4.17 
4.17 
4.13 
4.06 
4.00 
3.83 
3.75 
3.75 
3.75 
3.75 
6.54 
5.98 
5.75 
6uS8 
6.66 
6.46 
5.88 
5.12 
5.08 


5.M 

5.1i 
4.96 
4.93 
497 
4.83 
4.75 
4.6 
7.08 
«.« 
5.C 
iSO 
5.59 
5.49 

6.37 
5.39 

5.17 
5.09 
5.99 

Ifi 
4.0 
175 
4.75 
i« 
4. 83 

4.79 
4.99 
499 
483 
483 

1<) 

I . 
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PAI^BCDAJLE  STATION   ON  LITTLE  BOOK  OBEEK. 

TMfi  Station,  us  described  in  the  Eighteenth  Annual  Report,  Part 
-^f  pttge  402,  is  located  about  8  miles  southeast  of  West  Palmdale, 
jslifornia,  at  the  head  works  of  the  South  Antelope  VaUey  Canal.  The 
xeek  is  diverted  through  a  tunnel  into  a  flume  at  the  headworks, 
^hich  at  the  normal  stage  of  the  stream  will  carry  all  of  the  water.  A 
^ge  has  been  placed  in  this  flume,  in  which  the  discharge  measure 
aents  are  made  at  low  stages.  During  high  water  a  second  gaging 
vill  be  made  from  the  bridge,  where  the  flume  crosses  the  creek,  one- 
lalf  mile  below  the  headworks,  and  a  gage  rod  will  be  placed  there  for 
hat  station.  The  flume  is  straight.  The  channel  of  the  stream  is 
srooked  and  the  bed  is  fiill  of  bowlders.  The  banks  are  high,  and  the 
;reek  will  not  leave  its  present  channel  at  the  bridge.  The  observer  is 
)art  Cole.  The  following  discharge  measurements  were  made  in  1897 
>y  J.  B.  Lippincott  and  Burt  Cole : 

Fobmary  9,  at  long  fiame^  gag*^^  height,  0.56  foot ;  discharge,  20  seoond-feet. 
February  9,  at  headworks  flume,  gago  height,  0.91  foot;  discharge,  21  second-feet.. 
Febmaiy  9,  at  long  ohute,  gage  height,  0.34  foot;  discharge,  21  second-feet. 
Fcbmary  0,  at  box  flume,  gage  height,  2.00  feet ;  discharge,  126  second-feet. 
March  7,  gage  height,  1.17  feet;  discharge,  26  second- feet. 
March  7,  gage  height,  2.00  feet ;  discharge,  69  second-feet. 
April  7,  gag«  height,  2.80  feet;  discharge,  126  second- feet. 
April  16,  gage  height,  0.70  foot;  discharge,  14  seoond-feet. 
^^y  ^y  S'^  height,  1.47  feet;  discharge,  47  second-feet. 
May  15,  gage  height,  0.45  foot ;  discharge,  7  second-feet. 

Dailjf  gage  heightf  in  feet,  of  Little  Bock  Creek  at  FalmdalCf  California,  for  1897. 


Dtty. 

Jan. 

Feb. 

Mar. 

Apr. 

May. 

Jane. 

July. 

Aug. 

Sept. 

Oct. 

Nov. 

Deo. 

1 

2 

t 

4 

0.40 
.30 
.25 
.20 
.30 
.30 
.90 
.30 
.32 
.85 
.45 
.48 
.52 
.42 
.50 
.60 
.62 
.65 
.60 
.55 
.65 
.82 
.80 
.80 
.80 
.75 
.60 
.60 
.70 
1.10 
1.35 

2.10 

2.50 

2.25 

1.70 

1.75 

2.05 

1.60 

1.50 

1.22 

1.15 

1.00 

.80 

.90 

.80 

.80 

.70 

.70 

1.65 

1.85 

1.00 

1.00 

1.00 

.90 

.00 

LOO 

1.15 

1.80 

1.70 

2.25 
2.10 
2.15 
2.10 
2.10 
2.00 
2.00 
1.75 
1.40 
1.40 
1.45 
1.45 
1.40 
1.40 
1.40 
1.40 
1.40 
1.60 
1.60 
LOO 
L60 
L4I0 
L35 
L45 
L90 
2.60 
2.85 
2.40 
2.70 
2.80 
2.80 

2.80 
2.80 
2.80 
2.80 
2.80 
2.80 
2.80 
2.80 
2.50 
2.60 
2.70 
2.70 
2.70 
2.70 
2.70 
2.70 
2.70 
2.70 
2.70 
2.36 
2.45 
2.25 
2.25 
2.20 
2.80 
2.00 
2.15 
2.25 
2.25 
2.20 

2.05 

L95 

L80 

2.00 

2.00 

1.85 

L80 

L65 

1.65 

L55 

L45 

L40 

1.35 

L25 

L25 

LIO 

LOO 

.90 

.80 

.70 

.70 

.70 

.70 

.70 

.65 

.60 

.55 

.55 

.60 

.55 

.45 

0.40 
.40 
.40 
.40 
.40 
.40 
.40 
.40 
.40 
.40 
.40 
.40 
.40 
.40 
.40 
.40 
.40 
.40 
.40 
.40 
.40 
.40 
.40 
.40 
.40 
.40 
.35 
.80 
.25 
.15 

0.05 
.05 
.05 
.03 
.03 
.03 
.03 
.02 
.02 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 

0.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 

0.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 

0.00 
.00 
.05 
.10 
.10 
.15 
.20 
.20 
.25 
.30 
.40 
.40 
.40 
.40 
.40 
.40 
.40 
.40 
.40 
.40 
.40 
.40 
.40 
.40 
.40 
.40 
.40 
.40 
.40 
.40 
.40 

0.40 
.40 
.40 
.40 
.40 
.40 
.40 
.40 
.40 
.40 
.40 
.40 
.40 
.40 
.40 
.40 
.40 
.40 
.40 
.40 
.40 
.40 
.40 
.40 
.40 
.40 
.40 
.40 
.35 
.35 

0.35 
.30 
.80 
.30 
.30 
.30 
.30 
.30 
.35 
.35 
.35 
.35 
.35 
.35 
.35 
.85 
.35 
.35 
.35 
.35 
.35 
.85 
.85 
.35 
.35 
.35 
.35 

5 

0 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

26 

27 

28 

.36 

29 

80 

31 

.36 
.35 
.35 

194  OPERATIONS   AT   BIVER   STATIONS,  1897. 

AZUSA  STATION  ON  SAN  OABBIEL  BIYEB. 

This  station,  described  in  the  Eighteenth  Annual  Bei)ort,  Part  IV, 
page  405,  is  located  at  the  month  of  the  San  Gabriel  Biver  canyon,  2 
miles  northeast  of  Azasa,  California.  Daring  the  greater  portion  of  the 
year  all  the  water  of  the  San  Gabriel  Biver  is  diverted  into  canals  and 
the  measurements  of  discharge  are  then  made  at  the  division  box  of 
the  Azusa-Duarte  canal.  The  gage  rod  is  vertical  and  nailed  to  the 
inside  of  the  box,  with  the  zero  of  the  rod  at  the  bottom  of  the  flame, 
or  1.335  feet  below  the  knife  edge  of  the  weir.  At  times,  during  the 
winter  season,  water  flows  past  the  diversion  points  down  the  river, 
and  in  order  to  measure  this  amount  a  gage  rod  has  been  placed  in  the 
right  bank  of  the  river  at  a  point  near  the  division  box.  A  few  hun- 
dred feet  above  is  a  cable,  car,  and  tag-wire  for  measuring  the  floocLs. 
B.  M.  Fellows  and  H.  F.  Parkinson  are  the  observers.  The  beuch 
mark  to  which  both  rods  are  referred  is  a  cross  in  the  wooden  sill  at  the 
head  of  the  lowest  Azusa  tunnel.  It  is  7.97  feet  above  the  zero  of  the 
river. rod.  The  channel  of  the  river  for  200  feet  above  and  below  the 
cable  is  straight.  The  banks  are  not  liable  to  change.  The  bed  of 
the  stream  is  full  of  bowlders  embedded  in  sand.  June  4  a  diversion 
dam  was  placed  just  below  the  river  gage  backing  the  water  up  above 
it.  Beadings  on  this  rod  were  then  discontinued.  The  rod  and  cable 
were  moved  up  the  river  later  in  the  season. 

The  following  discharge  measurements  were  made  in  1897  by  J.  B. 
Lippincott  and  A.  Q.  Campbell: 

On  the  river: 

January  10,  gage  height,  1.28  feet;  discharge^  4.5  second-feet. 
January  25,  gage  height,  2.00  feet;  discharge,  58  second-feet. 
February  1,  gage  height,  5.10  feet;  discharge,  1,725  secoiid-feet. 
February  2,  gage  height,  3.40  feet;  discharge,  422  second- feet. 
March  12,  gage  height,  3.30  feet;  discharge,  410  second- feet. 
April  29,  gage  height,  2.60 feet;  discharge,  162  second-feet. 
May  24,  gage  height,  2.08  feet;  discharge,  76  second-feet. 
November  13,  discharge,  8  second-feet. 
November  27,  discharge,  3.5  second-feet. 

In  the  Division  Box. 

January  10,  gage  height,  2.10  feet;  discharge,  22  becond-feet. 
April  29,  gage  height,  2.88  feet;  discharge,  71  seoond-feet. 
May  24,  gage  height,  2.93  feet;  discharge,  68  second-feet. 
June  30,  gage  height,  2.76  feet;  discharge,  56  second- feet. 
July  5,  gage  height,  2.72  feet;  discharge,  54  second-feet. 
Angust  7,  gage  height,  2.33  feet;  discharge,  31  second- feet. 
September  1,  gage  height,  2.20  feet;  discharge,  24  second-ieet. 
September  29,  gage  height,  2.10  feet;  discharge,  19  seoond-feet. 

November  13,  gage  height, feet ;  discharge,  25  second-feet. 

November  27,  gage  height^ feet;  disobarge,  33  seoond-feei. 
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Daily  gage  height,  in  feet,. of  San  Gabriel  Biver  at  Azuaa,  Calif ornia,  for  1897. 


Day. 

Jan. 

Feb. 

Mar. 

Apr. 

3.10 
3.00 
3.10 
8.00 
3.00 
3.10 
3.10 
3.10 
3.10 
3.15 
3.10 
3.15 
8.20 
3.20 
3.20 
3.07 

May. 

Jane.        Day. 

Jan. 

Feb. 

Mar. 

Apr.  May. 

Juno. 

1 

6.01 
4.00 

3.00 
3.00 
3.10 
8.05 
3.05 
4.00 
5.15 
4.30 
3.80 
3.50 
3.45 
3.40 
3.80 
3.20 
3.20 
3.20 

i'so' 

i'so* 

1.80 

"i.'so" 

17 

2.10 
5.00 
3.90 
3. 60 
3.20 
3.00 
2.95 
2.90 
3.00 
3.06 
3.00 
3.00 

8.50 
3.00 
3.20 
3.15 
8.10 
3.00 
3.00 
3.00 
3.10 
3.10 
3.10 
8.00 
8.10 
8.10 
3.10 

3.05 
3.06 
3.00 
2.90 
2.90 
2.80 
2.70 
2.65 

2 

18 

19 

2.00 

2.20 
2.15 

3 

3.00 
2.90 
2.56 
2.60 
2.50 
2.45 
2.40 
2.35 
2.25 
2.20 
2.15 
2.10 
2.10 
2.00 

4... 

20 

i      5 

1  25 
1.25 

21 

1  I:::. 

7 

22 

23 

24 

2.00 
2.00 

2.05 



8 

2.50 

2.10 

9 

25 

10.... 

U.... 

1     12 

1.80 
1.90 

26 

2  57 

i'sa" 

27 

28 

1.08 

1.00 



13 

29 

1.85 
1  80 

14 

30 

31 

2.10 
2.05 

15 

2.25 

16 

WABM  SPRINGS  STATIONS  ON  SANTA  ANA  BITEB. 

This  station,  as  described  in  the  Eighteenth  Annual  Keport,  Part  IV, 
page  411,  is  located  5  miles  northeast  of  Mentone,  California,  three- 
fourths  of  a  mile  below  the  headworks  of  the  Santa  Ana  Canal  and 
opposite  the  Warm  Springs  in  the  canyon.  The  gage  is  an  inclined 
timber,  the  lower  end  of  which  has  been  set  under  the  projecting  edge 
of  a  large  bowlder  and  fastened  to  upright  posts  at  its  upper  end. 
August  31,  1897,  a  second  gage  .was  placed  1  mUe  above  this  loca- 
tion and  above  the  headworks  of  the  Santa  Ana  Canal.  The  record  as 
published  in  this  report  is  for  the  lower  gage.  The  observer  is  A.  Laird, 
ditch  watchman  and  water  divider  on  the  Bear  Valley  system.  The 
following  discharge  measurements  were  made  in  1897  by  J.  B.  Lippiu- 
eott  and  A.  Q.  Campbell: 

January  27,  gage  heigh t, feet ;  discharge,  44  second-feet. 

March 4,  gage  height,  1.45  feet;  discharge,  101  secoad-feet. 
May  3;  gage  height,  1.50  feet;  discharge,  96  seoond-feet. 
May  4,  gage  height,  1.50  feet;  discharge,  98  second-feet. 
June  15,  gage  height,  1.15  feet;  discharge,  64  second- feet. 
Jnly  5,  gage  height,  1.20  feet;  discharge,  72  second-feet. 
Jnly  6,  gage  height,  1.11  feet;  discharge,  60  second-feet. 
Augnst  8,  gage  height,  1.32  feet;  discharge,  56  second- feet. 
Angust  31,  gage  heigiit,  1.35  feet;  discharge,  60  second-feet. 
Septemher  30,  gage  height,  1.13  feet;  discharge,  43  second-feet. 
November  14,  gage  height,  1.25  feet;  discharge,  40  second-feet. 

At  new  station,  1  mile  above  old  one: 

AagQst  31,  gage  height,  1.00  foot;  discharge,  78  second* feet. 
September  30^  gage  height,  0.83  foot ;  discharge,  65  second-feet. 
November  14,  gage  height,  0.35  foot;  discharge,  47  second-feet. 
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Daily  gage  height,  in  fed,  of  Santa  Ana  River  at  Warm  Springs ,  California,  for  1897,^ 


D«y. 


1 

2 

3 

4 

5 

8 

7 

8 

9 

10 

u 

12 

13 

U • 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

26 

27 

28 

30 

31 


Jm. 


1.25 
1.23 
1.00 
1.00 
1.00 
.06 
.02 
.93 
.92 
.92 
1.12 
1.10 
1.16 
1.21 
1.37 
1.21 
1.40 
1.40 
1.85 
1.35 
1.49 
1.40 
1.45 
1.45 
1.45 
1.45 
1.46 
1.45 
1.45 
1.50 
1.45 


Feb. 


2.70 
2.10 
1.85 
1.85 
1.66 
1.65 
1.65 
1.80 
1.85 
1.65 
1.50 
1.50 
1.50 
1.40 
1.40 
1.35 
1.40 
2.90 
2.10 
2.05 
1.70 
1.70 
1.65 
1.60 
1.60 
1.66 
1.55 
L55 


Har. 


1.60 
1.60 
1.55 
1.60 
1.45 
1.60 
2.50 
1.65 
1.65 
1.60 
1.50 
1.50 
1.50 
1.40 
1.60 
1.60 
1.50 
1.45 
1.40 
1.60 
1.46 
1.40 
1.40 
1.30 
1.85 
1.86 
1.40 
1.76 
1.60 
1.65 
1.60 


Apr. 


1.60 
L60 
1.65 
1.60 
1.60 
1.65 
1.70 
1.70 
1.66 
1.65 
1.75 
1.75 
1.80 
1.80 
1.75 
1.75 
1.75 
1.80 
1.80 
1.80 
l.TO 
1.66 
1.60 
1.60 
1.60 
1.60 
1.55 
1.60 
1.65 
1.60 


May. 


1.50 
1.50 
1.60 
1.^ 
1.50 
1.60 
1.50 
1.45 
1.40 
1.30 
1.30 
1.30 
1.30 
1.30 
1.25 
1.25 
L20 
1.15 
1.10 
1.10 

1.  to 

1.10 
1.10 
1.16 
1.10 
1.05 
1.00 
1.00 
1.00 
.96 
.05 


June. 


1.10 
1.05 
1.10 
1.15 
1.10 
1.05 
1.05 
1.06 
1.05 
1.10 
1.10 
1.10 
1.15 
1.16 
1.20 
1.20 
1.20 
1.20 
1.20 
1.20 
1.20 
1.20 
1.16 
1.15 
1.15 
1.20 
1.20 
1.20 
1.10 
1.16 


July. 


Aug. 


1.15 

1.30 

1.30 

1.03 

1.86 

1.17 

1.10 

1.36 

1.15 

1.15 

1.86 

1.15 

1.10 

1.35 

1.20 

1.10 

1.80 

1.25 
1.23 

1.10 

1.80 

1.15 

1.85 

1.30 

1.20 

1.35 

1.23 

1.15 

1.35 

1.12 

1.20 

1.85 

1.20 

1.20 

1.40 

1.20 

1.16 

1.40 

1.23 

1.26 

1.40 

2.60 

1.16 

1.40 

1.25 

1.80 

1.30 

1.15 

1.20 

1.30 

1.10 

1.20 

1.80 

.90 

1.20 

1.30 

.90 

1.15 

1.85 

.90 

1.10 

1.46 

.90 

1.15 

1.25 

.90 

1.15 

1.15 

.90 

1.20 

1.25 

.96 

1.20 

1.35 

.95 

1.26 

L85 

1.05 

1.35 

1.30 

1.05 

1.80 

1.80 

1.10 

1.30 

1.86 

1.25 

1.30 

1.85 

1.25 

1.30 

1.35 

1.25 

Oct. 


>  Ko  record  for  Sepiember  on  low«r  rod. 
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A. 

Pago. 

lex.,  hydrogr»phlo  work  »t 129 

.work  of 182,183,184 

^ng  stations  in 51-57 

Ya.,  hydrograpbic  work  at 58 

I jdrographic  work  »i 43 

hydrographic  work  at 37 

r,  measnrements  of 146 

H.,  work  of 23,25,58,59 

sek,  measurements  of IC 

•.,  hydrographic  work  at 144-145 

Ing  stations  in 147-151 

eer,  measurements  of . . .  117-122, 124 

,  by drographio  work  near 94 

ey,  work  of 174,176,179 

C,  hydrographic  work  at*. 60 

lydrographic  work  at 194 

B. 

Cm  work  of 22, 

117,  135, 136, 137, 141, 165, 171, 172, 

173, 174, 175,  170, 177, 178, 180. 181 

,  Idaho,  hydrographic  work  at. . .  157 

ain,  Ke  v.,  hydrographic  work  at.  153 

yolo.,  measurements  of 90 

leasurements  of 157, 159 

,  hydrographic  work  at 110 

s.,  hydrographic  work  at 112 

eek,  measurements  of 77 

m  River,  measurements  of 94 

S.  C . ,  hydrographic  work  at 36 

measurements  of 134 

}r  River,  measurements  of 57 

hydrographic  work  at 136 

leasurements  of 115 

hydrogcaphio  work  at 168 

neasurements  of 168 

rorkof 78 

I.,  hy drograph  ic  work  near 92 

k,  measurements  of 92 

ek,  measurements  of 75 

nt.,  hydrographio  work  near. ...  66, 

67,75 

work  of 147 

Ga.,  measurements  of 40 

S.  C,  measnronents  of 36-37 

ar,  measurements  of 167 

,  hydrographic  work  at .  61 

II.,  hydrographic  work  at 24 

.,  hydrographic  work  at 78 

,  hydrographic  work  at 147 

*16 7 


c. 

Page. 

Caldwell,  H.  W.,  work  of 12 

Calhoun  Falls,  S.  C,  hydrographic  work  at. . .    39 

California,  gaging  stations  in 185-195 

Calowa  River,  measurements  of 184 

Campbell,  A.  Q .,  work  of 1 87, 

188, 100, 191, 192, 194, 195 
Camp  Clarke,  Nebr.,  hydrographic  work  at. . .    85 

Cnnton,  Ga.,  hydrographio  work  at 48 

Ciinyon  Cit}',  Colo.,  hydrographio  work  at 119 

Cape  Fear  River,  measurements  of 31 

Carey,  Ga.,  hydrographio  work  at 41 

Carlton,  Ga.,  hydrographic  work  at 40 

Carters,  Ga.,  hydrographic  work  at 49 

Catawba,  N.  C,  hydrographic  work  at 34 

Catawba  River,  measurements  of 34-35 

Chama  River,  measuremeDts  of 129 

Chattahoochee  River,  measurements  of . . . .  46-47 
Chattanooga,  Tenn.,  hydro^ipraphic  work  at . .    64 

Chinook,  Mont.,  hydrographic  work  at 73 

ClarksviUe,  Ya .,  hydrographic  work  at 26 

Clear  Creek,  Wyo.,  measurements  of 78 

Cogswell,  F.,  work  of 88,89,91, 

92,  93,  117,  118,  119. 120, 123, 127, 
137, 139,141, 142, 143, 144. 145, 146 

Collinston,  Utah,  hydrographio  work  at 159 

Colorado,  gating  stations  in 87-94, 

117-123, 127, 137, 189-146 

Colorado  River,  measurements  of 151 

Colton,  A.  T.,  work  of 147 

Columbus,  Nebr.,  hydrographic  work  near.  07-98 

Coosa  River,  measurements  of 51-55 

Coosawattee  Ri  vcr,  measurements  of 49 

Courchesno,  T.  M.,  work  of 1:2 

Crawford,  Nebr.,  hydrographio  work  near 79 

Cumberland,  Md.,  hydrographic  work  at 15 

D. 

Dalll8,P.A.,workof 42 

Dan  River,  measurements  of 26 

Davis,  Arthur  P.,  work  of 7, 

15, 16, 37, 38, 61, 62, 63 

Deansbury,  Colo.,  hydrographic  work  at 87 

Delaware  River,  measurements  of 7 

Del  Norte,  Colo.,  hydrographic  work  at 127 

Denver,  Colo. ,  hydrographic  work  at 88 

Denver  nnd  Rio  Gnmde  Railroad,  aid  l.y.  137, 140 

Deschutes  River,  measurements  of 181 

Dobson,  Adna,  work  of 80, 05, 96, 97, 98, 99, 108 

Dolores,  Colo.,  hydrographic  work  at.  143 

Dolores  River,  measurements  of 143 

m 
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Page. 

Dongall,  W.  6.,  work  of. 186, 150, 160, 161, 162 

Dublin,  Ga. ,  hydrographio  work  at 42 

Dangeneaa  River,  meaanremeD  to  of 182 

Dorango,  Colo.,  hydrographio  work  at 146 

E. 

Elkhom  River,  measnremento  of 90 

Elko,  Nev.,  hydrographio  work  at J. . . .  152 

Ellsworth,  Elans.,  hydrographio  work  at ... .  114 

El  Paso,  Tex.,  hydrographio  work  at 132 

Elwha  River,  measnrenients  of 183 

Emhado,  N.  Hex.,  hydrographio  work  at 128 

Emery,  Roe,  work  of. .  65, 66, 67, 68, 60, 71, 73, 74, 75 
Engineer  Corps,  United  States,  work  of.  51, 54, 65 
Etowah  River,  measaremento  of 48 

Fall  Creek,  Colo.,  hydrographio  work  at 142 

Farish,  "W.  A.,  work  of 148,150 

Fayettevllle,  N.  C,  hydrographio  work  at 31 

Fayette,  W.  Va.,  hydrographio  work  at 5Q 

Firth,  Charles,  aid  hy 54 

Flint  River,  measurements  of 45 

Follett,  W.  W.,  work  of 132 

Forks,  Wash.,  hydrographio  work  at 184 

Fort  Crawford,  Colo.,  hydrographio  work  at. .  139 

Fortier,  S.,  work  of 157,158,160 

Fort  MUl,  S.  Cm  hydrographio  work  near 85 

FortKlohrara,Nebr.,hydrographic  work  near.    80 

Frederick,  Md.,  hydrographio  work  at 20 

French  Broad  River,  measurements  of 60 


G. 


Gaflhey,  S.  C,  hydrographic  work  at 36 

Gallatin  River,  measnrementa  of 68 

Geneva,  TTtah,  hydrographic  work  at 163 

Georgia,  gaging  stations  in 40-50 

Gering,  Kehr.,  hydrographio  work  at 84 

Gibbon,  Oreg.,  hydrographio  work  at IW 

Gila  River,  measaremento  of 147 

Glasgow,  Va.,  hydrographio  work  at 23 

Golconda,  Nov.,  hydrographic  work  at 154 

Grand   Junction,  Colo.,  hydrographic   work 

at 137-138,141 

Grand  River,  Colo.,  measuremento  of 137 

Grandview,  Idaho,  hydrographic  work  at 167 

Granger,  Wyo.,  hydrographic  work  at 134 

Granite,  Colo.,  hydrographio  work  at 117 

Great  Falls,  Mont.,  hydrographio  work  near.    72 

Greenbrier  River,  measaremento  of 58 

Green  River,  Wyo.,  measaremento  of 135-136 

Greenrlver,  "Wyo.,  hydrographic  work  at 135 

Grey  Ball  River,  measaremento  of 75 

Gannison  River,  measaremento  of 140-141 

GyiNinm,  Colo.,  hydrographic  work  at 137 

H. 

Hall,  B.M.,  work  of 80, 

41, 42, 43, 44, 45, 46, 47, 48, 51, 57 

Hall,  Max,  work  of 30, 

40,41,43,44,47,48,40,50,51,56,64 

Hall,  Olin  P.,  work  of 50 

Harrisbnrg,  Pa.,  hydrographio  work  at 8 

Harronn,  P.  E.,  work  of 128, 120, 130, 131, 132 

Hemdon,  CaL,  hydrographio  work  at 100 


Hill,  J.  E.,  aid  by 7S 

Hiwassee  River,  measaremento  of  O 

Holtobnrg,  K.  C,  hydrographio  work  at 32 

Hood,  O.  P.,  work  of 115 

Hood  River,  measaremento  of 181 

Hooper,  Wash.,  hydrographio  work  at 178 

Hope,  L.  R.,  work  of 87 

Homboldt  River,  measaremento  of 152-15S 

Humphreys.  D.  C,  work  of 17, 23, 24, 58, 59 

Hutchinson,  Kans.,  hydrographio  work  at. . . .  IM 

I. 

Idaho,  gaging  stations  in 157. 164-171 

lola,  Kans.,  hydrographic  work  at las 

J. 

James  River,  measuremento  of 24 

Jefferson  River,  measuremento  of 79 

Jellys  Ferry,  Cal.,  hydrographio  work  at 185 

Johnston,  C.  T.,  work  of. . .  75, 76, 81, 82, 83. 134, 135 

Judson,  N.  C.,  hydrographic  work  at 63 

Junction  City,  Kans.,  hydrographic  work  at..  101 

K. 

Kansas,  gaging  stations  in *109-12l 

Kansas  River,  measuremento  of lU 

Kingsburg,  Cal.,  hydrographic  work  at 193 

Kings  River,  measuremento  of 191-113 

Kiona,  Wash.,  hydrographic  work  at 176 

Lagrange,  Cal.,  hydrographio  work  at 18^ 

Lambertville,  N.  J.,  hydrographic  work  at —    7 

Laramie  River,  measurements  of 81-83 

Laurel,  Md.,  hydrographic  work  at 14 

Lawrence,  Kans.,  hydrographic  work  at IK 

Liberty,  Kans.,  hydrographic  work  at 19 

Lipplnoott,  J.  B.,  work  of 185. 

187, 188, 100, 191. 192, 103, 194, 195 

Little  Goose  Creek,  measuremento  of 77 

Little  Rock  Creek,  measuremento  of. VS 

Little  Tennessee  River,  measuremento  of  —  6 

Little  Wood  River,  measuremento  of. 16 

Livingston,  Mont., hydrographic  work  near.  74-75 

Lock  No.  4,  Ala.,  hydrographio  work  at 51 

Look  No.  5,  Ala.,  hydrographic  work  at SI 

Logan,  Mont.,  hydrographio  work  at ^ 

Logan  River,  measuremento  of 1^ 

Logan,  Utah,  hydrographio  work  at 1^ 

Loup  River,  measuremento  of ^ 

Middle  River,  measuremento  of ^ 

North  River,  measuremento  of ^ 

Loveland,  Colo.,  hydrc^raphio  work  near ....  ^ 

Lovell,  Wyo.,  hydrographio  work  at '^ 

Lyons,  Colo.,  hydrographio  work  near ^ 

M. 

Maoon,  Ga.,  hydrogrmphio  work  at ^ 

Madison  River,  measuremento  of ^^ 

Malad  River,  measuremento  of ^^ 

Malheur  River,  measurements  of ^' 

Manhattan,  Kans.,  hydrographio  work  at  •  •  -  •  ^^ 

Marshall,  Colo. ,  hydrographic  work  at " 

Maryland,  gaging  stotions  in U-l*»  *■** 

Mason's  Ranch,  Nov.,  hydrogra^o  work  at-  ^ 
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Paga 

Mftithe«,G.H.,workof 15,17,21 

McCallo,  B.  C,  Jr.,  work  of 57 

MoCoskey.  A.  B.,  work  of 79,84 

McDow^l,  Ariz.,  hydrographio work  at. .  148-150 

MeDomQd,  Wash.,  hydrographio  work  at 183 

Mead.  Elwood,  work  of 76,76 

Meeteetae,  Wyo.,  hydrographio  work  at 75 

Middle  Cree k,  Mont.,  meaflai«)meiit8  of 67 

Middle  Lonp  Ki ver,  measurementa  of 96 

Milk  Biver,  meaanrementa  of 73 

Millrille,  W.  Ya.,  hydrographio  work  at 19 

Mills,  F.  J.,  work  of 164,166,168,171 

Milatead,  Ala.,  hydrographio  work  at 66 

Misaouri  Kiver,  measnrementa  of 65 

Modesto,  Cal .,  hydrographio  work  at 189 

Molena,  6a.,  hydrographio  work  at 45 

Monocacy  River,  measnrementa  of. 20 

Montana,  gi^ng  stations  in 66-74 

Montgomery,  Idaho,  hydrographio  work  at. . .  166 

Moro,  Oreg.,  hydrographio  work  at 181 

Morrison,  Colo. ,  hydrographio  work  at 90 

Murphy,  B.  C,  work  of 116,125,126 

Murphy,  N.  C.,  hydrographio  work  at 63 

Myers,  B.W.,  work  of 26,28,29, 

30,31,32,33,34,35,36,37,38,60,62,63 

N. 

NacheaBiTer.measiuwnentsof 174 

Keal,  K.  C,  hydrographio  work  at 28 

Nebraska,  gaging  stations  in 79-80, 

8i-86, 95-99, 107- 108 

Neosho  Biver,  measurements  of 126 

Nepeeta,  Colo.,  hydrographio  work  at 121 

Neose  Biver,  measnrements  of 30 

Nevada,  gaging  stations  in 152-156 

New  Jersey,  gaging  station  in 7 

New  Mexico,  gaging  stations  in 128-131 

New  Biver,  measurements  of 50 

Nickerson,  G.  H.,  work  of . . . .  164, 166, 166. 169, 170 

Nilea,  Kans.,  hydrographio  work  at Ill 

Niobrara  Biver,  measorements  of 80 

Norfolk,  Nehr.,  hydrographio  work  near 09 

North  Carolina,  gaging  stations  in  . . .  28-34, 60-63 

North  Lonp  Biver,  measurements  of 95 

North  Platte  Biver,  measurements  of 83-85 

North  Biver,  James,  measurements  of : . . .    23 

North  Biver,  Shenandoah,  meaaurements  of. .    17 

Norwood,  N.  C,  hydrographio  work  at 33 

N<»thYakima,  Wash.,  hydrographio  work  at.  174 

O. 

Oakdale,  Cal.,  hydrographio  work  at 187 

Oakdaie,  6a.,  hydrographio  work  at 46 

[>cmnlgee  Biver,  measurements  of 44 

Oconee  Biver,  meaaurements  of 41-42 

>ctoraro  Creek,  Md.,  measurements  of 12 

3gden  Biver,  measurements  of 160 

Ogden,  Utah,  hydrographio  work  at 160 
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LETTER  OF  TRANSMITTAL. 


DEPASTMEirr  OF  THE  InTEBIOB, 

United  States  Oeologigai.  Subvet, 

Division  op  HYDBOGBAPHYy 
Washington,  July  i,  1898, 
Sib  :  I  have  the  honor  to  transmit  herewith  a  manuscript  entitled 
Irrigation  near  Bakersfield,  California,  prepared  by  Mr.  G.  E.  Gransky, 
and  to  recommend  that  it  be  pablished  in  the  series  of  pamphlets  on 
Water  Supply  and  Irrigation.  This  paper  is  the  first  of  three  relating 
to  San  Joaquin  Yalley,  the 'others  being  entitled,  respectively,  Irriga- 
tion near  Fresno,  California  (No.  18  of  the  series),  and  Irrigation  near 
Merced,  California  (No.  19  of  the  series),  these  titles  being  somewhat  arbi- 
trarily given  to  indicate  the  relative  geographic  position  of  the  areas 
described.  These  papers  taken  collectively  are  intended  to  exhibit  the 
character  of  the  development  of  irrigation  in  the  southern  part  of  the 
great  vaHey  of  California,  and  to  give  tbe  methods  there  employed  and 
the  results  of  the  experience  acquired  through  many  years. 

In  this,  the  first  paper,  some  space  has  been  devoted  to  a  general 
description  of  San  Joaquin  Valley  as  a  whole,  and  of  the  irrigation  dis- 
tricts which  have  been  organized  within  it,  the  history  of  these  being 
briefly  outlined.    There  is  also  added  a  description  of  the  methods  of 
irrigation  commonly  employed,  as  this  has  especial  interest  in  connec- 
tion with  the  more  detailed  statements  regarding  the  individual  canals 
and  ditches.    Following  these  more  general  matters  Kern  Biver  is 
taken  up,  its  drainage  basin  is  discussed,  and  each  of  the  numerous 
systems  of  water  supply  depending  upon  the  river  is  described  at 
Some  length.    Then  the  creeks  lyiug  to  the  north,  Peso  and  Deer,  are 
lecribed,  as  well  as  Tule  Kiver. 

-Although  a  relatively  high  degree  of  development  of  irrigation  has 
*een  reached  in  this  part  of  the  arid  region,  yet  the  results  are  far 
^low  the  possibilities.  By  means  of  better  methods  of  water  conser- 
^^ion  and  distribution,  and  more  effective  modes  of  intensive  agri- 
^Xture,  the  population  and  wealth  of  San  Joaquin  Valley  may  be 
^  >xio8t  indefinitely  increased.  A  full  discussion,  therefore,  of  this  inter- 
^t^ng  area  has  value  not  only  as  showing  what  may  be,  to  a  certain 
^^nt,  accomplished  elsewhere,  but  also  as  illustrating  the  fact  that 
'^^^at  progress  can  still  be  made  in  this  area. 

Very  respectfully,  F.  H.  Newell, 

Hydrographer  in  Charge. 
on.  Charles  D.  Walcott, 
Director  United  States  Geological  Survey. 

\\ 
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By  0.  B.  Gbunsky. 


rNTRODUCnON. 

he  historical  and  descriptive  treatment  of  irrigation  in  San  Joaqnin 
ley  as  here  presented  is  based  largely  npon  information  collected 
he  State  engineering  department  of  California  ten  years  ago.  That 
artment  ceased  to  exist  in  independent  form  in  1888.  Its  work  was 
>e  completed  by  the  State  mineralogist,  who  daring  the  next  two 
rs  was  ex  officio  State  engineer,  and  it  was  expected  that  a  final 
>rt  wonld  be  published,  covering  irrigation  in  central  portions  of 
State,  to  supplement  the  two  volumes  already  issued.^  But  the 
d  volume  of  the  £jial  report  has  not  appeared,  and  much  of  the  col- 
ed  material  has  been  lost  or  is  in  unserviceable  form,  and  none  of 
3  conveniently  accessible.  Under  these  circumstances  the  writer, 
»,  as  chief  assistant  State  engineer  from  1882  to  1887,  had  charge  of 
collection  of  irrigation  data  in  the  field  now  under  consideration, 
I  of  its  preliminary  arrangement  for  publication,  believes  it  timely 
^ve  to  the  public  at  least  such  benefit  as  may  result  from  a  delayed 
>lication  of  a  portion  of  the  collected  information.  To  this  end  use 
i  been  made  of  what  is  left  of  official  records,  notebooks,  sketches, 
I  fragmentary  manuscript  (principally  of  the  writer's  own  prepara- 
i),  taking  therefrom  and  grouping  whatever  seemed  of  sufficient 
K)rtance  to  justify  publication. 

'he  fiM^ts  obtained  from  this  source  have  been  supplemented  by  the 
ilts  of  subsequent  personal  experience  in  the  field,  and  by  accounts 
rrigation  works  and  of  experience  obtained  from  persons  of  local 
tninence,  as  well  as  by  information  secured  on  a  special  trip  through 
region  under  discussion,  made  in  the  spring  of  1897. 
^  remains  to  be  said  that  portions  of  the  river  descriptions  and 
dred  matter  have  been  taken  from  the  report  of  the  Examining 
^mission  on  Bivers  and  Harbors,'  frequently  without  credit,  as  the 
ter  was  a  member  of  that  commission  and  author  of  its  descriptive 
pters. 

''^gation  Development,  History,  Cnstome,  Laws,  etc.,  in  France,  Italy,  and  Spain,  by  Wm.  Ham. 
^  C.  E.,  State  Bngineer,  Sacramento,  California,  1886;  and  Irrigation  in  California  (Soathem), 
^2of  Seportof  Wm.  Ham.  Hall,  C.  E.,  Sute  Engineer  of  California,  1888. 
^port  BzamtnJiig  CommlsBion  on  Biyers  and  Harbors  to  the  Goremor  of  California;  C.  F.  Beed, 
^  Gnmsky,  J.  J.  Crawford,  commissioners;  1890. 
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It  will  be  made  apparent  in  these  papers  that  irrigation  developmeDt 
has  been  most  rapid  in  those  sections  of  the  valley  where  rainfall  is  less 
than  10  inches  a  year  and  where  water  diversion  from  the  streams  is 
readily  accomplished.  There  has  been  comparatively  little  irrigatioii 
in  the  great  central  valley  northward  from  Merced  Eiver.  This  is  due 
primarily  to  the  greater  natural  fertility  of  the  soils,  resulting  from 
more  rainfall  than  in  the  upper  or  southern  portions  of  the  valley,  bat 
also  to  the  fact  that  the  principal  rivers  are  considerably  depressed 
below  the  general  upland  level,  making  the  diversion  of  water  for  upland 
irrigation  often  difficult  and  always  expensive.  Vineyard  s  and  orchards 
in  the  lower  portion  of  San  Joaquin  Yalley  and  throughout  Sacramento 
Valley  yield  fairly  well  without  irrigation,  and  the  standard  crop, 
wheat,  is  rarely  a  complete  failure.  Protests  have  therefore  at  times 
been  loud  and  emphatic  against  attempts  to  make  water  for  irrigation 
available  at  general  expense  in  this  part  of  the  great  central  valley  of 
the  State.  Notwithstanding  the  active  opi)osition  which  becomes 
manifest  whenever  the  construction  of  comprehensive  irrigation  sys- 
tems, such  as  would  compel  a  modification  of  the  present  use  of  lands, 
is  suggested,  the  spirit  of  unrest,  discontent,  and  a  desire  to  change 
conditions  preponderates  in  many  sections  of  the  northern  portion  of 
the  great  central  valley.  This  was  demonstrated  when  opi)ortunity 
was  afforded  to  organize  irrigation  districts  under  the  Wright  law  ten 
years  ago.  Seven  out  of  eight  districts  proposed  to  the  northward  of 
Merced  Biver  were  speedily  organized.  This  desire  to  change  from 
dry  farming  to  the  more  intense  cultivation  of  the  soil  made  possible 
by  irrigation  is  evidenced,  too,  by  the  success  of  a  number  of  small 
irrigation  works  in  and  adjacent  to  Sacramento  Yalley.  Among  these 
are  the  irrigation  ditches  from  Cache  Creek,  near  Woodland,  Moore 
Canal,  Capay  Ditch,  and  Adams  Ditch.  Thermalito,  Palermo,  and 
Orangevale  may  be  cited  as  localities  where  the  growth  of  citrus  fruits 
is  stimulated  by  the  use  of  water.  There  is  some  irrigation  frt)m  Stony 
Greek.  Deer  Creek  supplies  water  for  the  great  vineyard  at  Yina. 
Putah  Creek  is  drawn  upon  for  pump  irrigation  of  a  number  of  orchards 
and  vineyards,  and  both  stream  and  wind  assist  in  raising  ground 
water  to  the  surface  near  Florin  for  the  irrigation  of  orchards,  vine- 
yards, and  gardens.  It  is  not  within  the  scope  of  this  paper,  however, 
to  enumerate  or  describe  the  irrigation  works  of  Sacramento  Yalley, 
and  they  are  referred  to  merely  as  illustrating  the  gradual  growth  of 
sentiment  in  favor  of  the  irrigated  farm.  The  backset  which  irrigation 
has  received  by  the  unsatisfactory  operation  of  the  irrigation-district 
law  will,  it  is  hoped,  be  only  a  temporary  check  of  healthful  develop- 
ment under  extensive  systems  of  canals  that  should  make  much  of  the 
water  of  our  best  rivers,  now  flowing  unused  to  the  sea,  do  duty  as  an 
aid  to  agriculture. 

The  author  desires  to  express  his  appreciation  of  the  many  courtesies 
extended  to  him  in  all  parts  of  the  valley  in  the  work  of  collecting  data, 
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Dd  to  thank  those  who  have  kindly  contributed  their  knowledge  of 
icts  or  have  otherwise  aided  him  or  contributed  material  for  this 
lublication. 


SAN  JOAQUIN  VAIiliEY. 

San  Joaquin  Yalley  is  the  southern  and  larger  portion  of  California's 
Teat  central  valley  which  lies  between  the  Sierra  Nevada  on  the  east 
Jid  the  Ooast  Range  on  the  west.  Its  length,  measured  along  the 
sis  of  the  valley,  from  near  Stockton  at  its  lower  end  to  the  base  of  the 
?ejon  Mountains  at  its  upper  end,  is  250  miles.  The  average  breadth 
f  the  valley  is  over  40  miles.  It  is  naturally  divided  into  an  east-side 
lain  and  a  west-side  plain,  which  slope  with  remarkable  uniformity  and 
moothness  of  surface  from  the  base  of  the  hills  ui)on  either  side  toward 
he  valley  trough.  Of  these  plains,  that  upon  the  east  side  of  the  val- 
)y,  at  the  base  of  the  Sierra  Nevada,  is  by  far  the  more  extensive  and 
tie  more  important. 

In  their  original  condition  the  uplands  of  the  valley  were  almost  tree- 
)88.    A  few  groves  of  oaks,  some  of  considerable  extent,  were  confined 

>  the  lands  watered  by  Calaveras  and  Mokelumne  rivers  and  lesser 
breams  near  Stockton;  to  the  black  land  near  Merced,  principally  to 
tiat  watered  by  Bear  and  Mariposa  creeks ;  and  to  the  deltas  of  Kings, 
laweah,  and  Tule  rivers.  Some  timber,  too,  was  found  on  the  river 
ottoms  and  on  the  submersible  plain  near  the  trough  of  the  valley. 
Ixoept  where  cottonwoods,  willows,  and  occasional  oaks  or  sycamores 
lark  the  course  of  the  principal  west-side  creeks,  all  the  unirrigated 
mdB  of  the  west-side  plain  and  the  abutting  hills  of  the  Coast  Bange 
re  bare  of  trees. 

The  area  of  San  Joaquin  Yalley  is  11,500  square  miles,  which  may 
e  classified  as  follows:  East-side  plain,  7,700  square  miles;  west-side 
lain,  1,850  square  miles;  lands  covered  with  water  and  lands  subject 

>  occasional  inundation,  about  1,950  square  miles,  of  which  300  to  over 
DO  square  miles,  according  to  the  stage  of  Tulare  Lake,  are  lake 

The  mountain  watershed  tributary  to  the  valley,  including  Cosumnes 
;iver,  is  20,400  square  miles  in  extent,  of  which  less  than  one-fifth  lies 
Q  the  west,  in  the  Coast  Bange,  more  than  four-fifths  being  to  the  east, 
I  the  Sierra  Nevada.  Large  rivers  of  perennial  flow  enter  the  valley 
*om  the  east  and  cross  the  broad  east-side  plain,  but  on  the  west  the 
umerous  small  creeks  and  gulches  have  no  summer  flow,  and  their 
bannels  are  lost  before  they  reach  the  main  valley  drain. 

The  valley  may  be  considered  as  again  divided  into  three  portions  by 
>w,  flat  ridges  built  of  silt  deposits  made  by  two  of  the  principal  east- 
idQ  rivers,  Kern  Biver  and  Kings  Biver,  but  the  lines  of  demarcation 
re  not  features  of  any  prominence.  In  both  cases  there  has  been  a 
radual  pushing  forward  of  the  river  deltas  until  basins  or  depressions 


16  IRRIGATION   NEA.R   BAKERSFIELD,   CALIFORNIA.  [210.17. 

have  been  formed  above  the  crest  line  of  each,  thus  giving  rise  to  the 
Kern  and  Bnena  Yista  lake  basins  in  the  one  case  and  to  the  Tulare 
Lake  basin  in  the  other. 

The  former  of  these  basins  has  never  been  one  of  sufficient  capacity 
to  prevent  the  annual  outflow  of  Kern  Biver  waters  toward  the  north 
by  way  of  Buena  Vista  Swamp  into  Tulare  Lake.  The  latter,  how- 
ever,  repeatedly  and  for  many  years  at  a  time,  even  before  there  was 
any  diversion  of  water  from  tributary  rivers  for  irrigation,  has  been  so 
insufficiently  supplied  with  water  that  it  failed  to  overflow.  During 
such  periods  the  entire  drainage  basin  above  Tulare  Lake,  inclading 
ordinarily  a  portion  of  the  flow  of  Kings  Biver,  is  not  tributary  to  San 
Joaquin  Biver,  whose  watwshed  area  is  then  reduced  to  about  19,000 
square  miles,  of  which  about  7,500  square  miles  are  valley  lands,  firooi 
which  there  is  ordinarily  little  or  no  run-off. 

Tulare  Lake  has  frequently  been  under  discussion  as-  a  source  of 
water  supply  for  irrigation.  The  following  facts  with  reference  to  the 
fluctuations  of  its  water  surface  will  be  of  interest  in  connection  with 
its  availability  for  this  purpose:  In  1853,  after  several  wet  seasooB, 
the  lake  was  fiiU,  though  probably  not  so  high  as  subsequently,  in  1802 
or  in  1868.  From  1853  until  1861  there  was  a  gradual  subsidence  of  the 
low- water  stage  of  the  lake.  The  rate  at  which  this  occurred  can  not 
now  be  determined.  In  the  fall  of  1861  the  water  surface  of  the  lake 
was  at  the  elevation  204  feet  above  sea  level  (low  water  of  Buisunfiay), 
if  the  testimony  of  residents  at  the  lake  at  that  time,  in  reference  to  tbe 
rise  of  water  the  following  winter,  can  be  relied  upon.  The  unnsnally 
heavy  rainfall  of  the  winter  of  1861-62  caused  the  lake  to  rise  to  the 
highest  known  stage — ^220  feet  Its  area  was  increased  from  aboatdOO 
to  about  800  square  miles,  and  300  billion  cubic  feet,  or  6,885,000  acre- 
feet,  of  water  were  added  to  its  contents.  It  continued  to  overflow  at 
least  until  the  spring  of  1863,  but  then  rapidly  fell  to  aboat  11  or  12 
feet  below  its  highest  stage,  which  was  its  condition  in  the  fall  of  1S07. 
The  inflow  of  water  during  the  wet  winter  of  1867-68  again  brought 
the  lake  nearly,  if  not  quite,  to  the  high-water  stage  of  1861-62. 

The  water  surface  fluctuated  between  211  and  217  feet  in  the  years 
1872  to  1876,  then  receded  rapidly  to  the  lowest  known  stage — 192  feet- 
in  November,  1883.  From  that  time  to  this  the  lake  has  not  received 
sufficient  water  to  cause  it  to  overflow.  It  is  generally  believed  that 
the  diversion  of  water  for  irrigation  purposes  from  Kern,  Tule,  Eaweah, 
and  Kings  rivers  has  been  the  cause  of  the  decrease  of  water  voloioe 
in  the  lake,  but  this  is  not  true.  Although  such  diversion  must  pro- 
duce some  effect  on  the  lake,  the  evidence  that  protracted  low  stages 
preceded  the  low  stage  of  1883  is  conclusive.  On  the  northeaatem 
shore  of  the  lake,  close  by  the  mouth  of  Mussel  Slough,  there  is  a  group 
of  tree  stumps  at  an  elevation  of  about  200  feet.  These  were  found  at 
the  water's  edge  in  1882.  They  presented  the  appearance  of  having 
been  broken  off  at  a  height  of  3  to  4  feet  above  ground.    They  were 
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'ed  and  most  have  been  noder  water  for  nearly  thirty  years 
the  high  stage  of  the  lake,  of  1853.  These  stamps  are  a 
a  grove  of  willow  trees,  100  or  more,  some  of  which  had 
diameter  of  4  ftot.  It  would  not  have  been  possible  for 
to  attain  sach  growth  if  the  lake  had  not  been  at  a  low 
.ny  years  in  saccession  at  some  time  preceding  1853.  More- 
I  tradition  is  said  to  indicate  a  time  when  the  lake  was 
o  two  ponds,  between  which  a  passage  from  the  east  to  the 
the  valley  was  possible. 

It  portion  of  San  Joaqoin  Valley  is  bnt  slightly  elevated 
iveL  The  elevation  of  the  snr&ce  of  the  ground  is  from  10 
>ng  the  eastern  margin  of  the  main  body  of  sabmersible  land 
'end  of  the  valley.    Thence  the  trongh  of  the  valley  sniiMt- 
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adoally  rises  to  214  feet  on  the  flat  saddle  below  Tnlare  Lake. 
iD  of  the  lowest  point  in  the  bottom  of  Tnlare  Lake  is  aboat 
d  tbence  there  is  a  rise  of  about  120  feet  to  the  oatfall  point 
sta  Lake.  This  lake  and  Kern  Lake  occupy  the  lowest  por- 

depressioii  above  the  Kern  Kiver  ridge,  and  their  beds  are 
tion  of  286  feet. 

irn  edge  of  the  valley  rises  from  an  elevation  of  110  foet, 
3ckton,  to  600  feet  southeastward  from  Bakersfield.    The 

east-side  plain  is  from  the  hills  toward  the  valley  trough 
of  6  to  10  feet  a  mile;  that  of  the  west-side  plain  is  some- 
sr.  Except  for  the  bad-land  or  alkali  strip,  of  variable 
;h  flanks  the  sabmersible  lauds  of  the  valley,  the  entire 
be  considered  as  well  adapted  ibr  irrigation  so  far  as  soils 
1  conditions  are  concerned. 
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The  Division  of  Hydrography  of  the  United  States  Geological  Sur- 
vey has  maintained  a  number  of  gaging  stations  in  San  Joaquin  Yalley, 
and  has  published  some  of  the  results.^ 

The  important  streams  which  flow  into  San  Joaquin  Valley  are  all 
Sierra  Nevada  streams.  They  appear  in  small  capital  letters  in  the 
following  list  of  rivers  and  creeks  which  are  tributary  to  the  valley: 

Area  dnuBeil,ii 

From  Tejon  Monntaiiis :  »qau«  oiiks. 

TejoQ  Creek 64 

Teouya  Creek 40 

Arroyo  Plata 32 

8an  Emidio  Creek 69 

From  the  Sierra  Nevada: 

Caliente  Creek : 423 

KSRK  RiVKR 2,345 

Poeo  Creek 289 

White  River 90 

Deer  Creek 110 

TULE  HiVER 437 

Kawxah  River 61fi 

Kings  River 1,742 

San  Joaquin  River - 1,637 

Fresno  River 272 

Chowchilla  River 268 

Maripoaa  Creek 122 

Bear  Creek 166 

Merced  River 1 1,076 

Tuolumne  River 1,501 

Stanislaus  River 1,051 

Calaveras  River 491 

MOKELUMNE  RiVER G57 

Dry  Creek 283 

CosuMNES  River 580 

From  the  Coast  Range : 

Los  Gatos  Creek 441 

Cantna  Creek 52 

Big  Panoche  Creek , 289 

Little  Panoche  Creek 106 

Arroyo  Ortigalitos 64 

Los  Banos  Creek 151 

San  Luis  Creek 88 

Romero  Creek 24 

Qninto  Creek 29 

LasGarzas  Creek 67 

Orestimba  Creek 142 

Arroyo  de  la  Puerta 77 

Arroyo  de  los  Piedras 20 

Hospital  Creek 30 

Corral  Hollow  Creek 73 

Marsh  Creek 54 

1  Twelfth  Ann.  Rept  T7.  S.  0«ol.  Surrey,  Part  II,  1881,  pp.  31^-823,  Pis.  LXXX-LXXX VllI ;  BnlletiB 
No.  131, 1805,  pp.  78.^;  Bulletin  No.  140,  1896,  pp.  25^^14;  Eighteenth  Ann.  Rept.  V.  S.  Geol.  Surrey. 
Part  IV,  1897,  pp.  371-396;  WaterSnpply  and  Irrigation  Pai>er  No.  11,  1897,  pp.  90-92;  Water-Snpply 
and  Irrigation  Paper  No.  16,  1898,  pp.  187-192. 
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WATER  APPROPRIATION  ANTD  IRRIGATION  DISTRICTS. 

It  is  provided  in  the  constitution  of  the  State  of  California  adopted 
in  1878  that  <^the  use  of  all  water  now  appropriated,  or  that  may  here- 
after be  appropriated,  for  sale,  rental,  or  distribution,"  is  a  public  use, 
subject  to  regulation  and  control  by  the  State,  and^  that  water  rates 
are  to  be  fixed  annually  by  the  governing  bodies  of  counties  and 
municipalities. 

The  civil  code  of  the  State  says:  ^^The  right  to  the  use  of  running 
water  flowing  in  a  river  or  stream  or  down  a  canyon  or  ravine  may  be 
acquired  by  appropriation."  But  this  right  ceases  when  the  water 
ceases  to  be  applied  to  some  useful  or  beneficial  purpose.  As  between 
appropriatorsy  the  one  first  in  time  is  the  first  in  right. 

The  method  of  making  an  appropriation  and  of  giving  notice  of  the 
water  claim  is  thus  prescribed: 

•  .  .  ponon  deeiriDg  to  appropriate  water  most  poet  a  notioe,  in  writing;  in  a 
eonepicaoua  place,  at  the  point  of  intended  diversion,  stating  therein:  (1)  That  he 
claims  the  water  there  flowing  to  the  extent  of  (giving  the  number)  inches,  meas- 
ured under  a  four-inch  pressure ;  (2)  the  purposes  for  which  he  claims  it,  and  the 
place  of  intended  use;  (S)  the  means  by  which  he  intends  to  divert  it,  and  the  size 
of  the  flume,  ditch,  pipe,  or  aqueduct  in  which  he  intends  to  divert  it.  A  copy  of 
the  notice  most,  within  ten  days  after  it  is  posted,  be  recorded  in  the  office  of  the 
recorder  of  the  county  in  which  it  is  posted. 

But  the  mere  posting  and  recording  of  this  claim  to  water  confers  no 
right  upon  the  appropriator  unless,  within  sixty  days  after  the  notice 
is  i>oBted,  the  construction  of  works  is  commenced  and  diligently  prose- 
cuted to  completion.  In  that  event,  and  in  that  only,  are  rights 
acquired,  which  then  relate  back  to  the  time  the  notice  was  posted. 
Moreover,  the  water  right  secured  under  the  notice  and  by  construc- 
tion of  works  should  not  be  considered  to  be  that  defined  in  the  notice, 
wherein  the  amount  named  is  often  absurdly  exaggerated,  or  may  be 
Wholly  unintelligible;  but  regard  is  to  be  had  to  the  works  and  their 
capacity  as  actually  constructed  in  interpreting  the  language  of  the 
claim. 

Whole  volumes  have  been  filled  in  some  of  the  counties  of  this  State 
with  records  of  claims  to  water,  but  there  is  no  department  of  record — 
except  the  courts  in  cases  of  conflict — in  which  the  facts  relating  to 
date  of  ditch  or  canal  construction,  location,  dimensions,  and  capacity 
are  or  can  be  preserved.  Where  the  recollection  of  the  oldest  inhabit- 
ant is  often  the  only  source  of  information,  it  is  extremely  difficult  to 
trace  the  history  of  irrigation  works,  and  information  obtaiued  from 
owners  must  be  treated  with  some  caution. 

This  condition  of  public  records  in  the  matter  of  water  appropriation 
shoald  be  remedied  at  once.  The  State  needs  a  permanent  department 
whose  duty  it  will  be  to  determine  the  necessary  facts,  as  well  as  may 
be,  with  reference  to  every  water  appropriation  and  to  define  the  rights 
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of  the  several  appropriators.  There  are,  of  coarse,  many  other  duties 
with  which  sach  a  department  might  be  chargred,  but  it  is  not  proposed 
to  enlarge  upon  the  matter  at  this  time. 

After  defining  the  method  of  appropriating  water,  as  above  explained, 
it  was  until  1887  farther  provided  in  the  civil  code  that  ^Hhe  rights  of 
riparian  proprietors  are  not  affected  by  the  provisions  of  this  title." 
Notwithstanding  the  repeal  of  this  particular  section  of  the  code,  all 
appropriations  of  water  must  necessarily  remain  subject  to  whatever 
rights  are  vested  in  the  bank-land  owners. 

The  first  attempt  to  combine  ownership  of  land  and  control  of  water 
for  irrigation  in  corporations  with  municipal  functions  appears  in  an  act 
to  promote  irrigation,  which  was  approved  by  the  governor  of  Califor- 
nia on  April  1, 1872.  This  act  was  a  precursor  of  the  irrigation-district 
law  now  in  force,  and  provided  for  the  formation  of  irrigation  districts 
on  petition  of  land  owners,  and  for  the  construction  of  works  with  money 
secured  by  assessment  of  benefits  upon  the  lands  in  the  districts.  The 
aflfairs  of  the  districts  were  to  be  managed  by  boards  of  trustees. 

This  law  was  restricted  in  its  operation  to  a  part  of  the  State,  and 
remained  practically  inoperative.  Four  years  later  a  special  law  was 
passed  authorizing  the  formation  of  the  ^^West  Side  irrigation  dis- 
trict," for  which  elaborate  surveys  and  studies  were  made  and  which 
was  to  have  been  largely  dependent  upon  Tulare  Lake  as  a  source  of 
supply.  Notwithstanding  the  recommendation  of  its  engineers  and 
of  the  commissioners  in  charge  of  the  matter,  the  project  £euled,  and 
district  control  of  water  for  irrigation  purposes  was  again  deferred  until 
the  Wright  law  (named  after  its  author,  Mr.  G.  0.  Wright,  of  Modesto) 
was  passed,  in  1887.  Much  has  been  hoped  from  this  new  law  author- 
izing the  formation  of  irrigation  districts.  The  prime  object  of  the  law 
is  to  unite  ownership  of  land  and  water.  It  is  provided  that,  upon  a 
petition  of  landowners,  lands  susceptible  of  irrigation  by  the  same  sys- 
tem of  works  may  be  included  within  the  boundaries  of  a  district, 
which,  upon  ratification  by  a  vote  of  the  electors  therein,  is  endowed 
with  municipal  functions  for  the  specific  purpose  of  securing  and 
distributing  water  for  irrigation. 

The  affairs  of  each  district  are  managed  by  a  board  of  directors, 
one  of  whom  is  elected  from  each  of  the  five  divisions  into  which  the 
district  is  ordinarily  divided,  and  until  recently  amended  the  law 
required  that  each  director  must  be  a  resident  of  the  particular 
division  of  the  district  by  which  he  was  elected.  These  requirements 
have  recently  been  modified  to  the  extent  that,  on  the  basis  of  the 
petition  for  the  formation  of  the  district,  only  three  divisions  may  be 
formed,  and  that  the  election  of  the  directors  may  be  at  large.  This 
was  done  to  overcome  difficulties  encountered  in  finding  suitable 
persons  to  serve  as  directors  in  sparsely  settled  districts.  Powers  are 
conferred  upon  the  directors  to  do  everything  that  may  be  necessary 
to  carry  out  the  int-ent  of  the  law  and  to  secure  and  distribute  tt^ 


OROKSKT.]  IRRIGATION   DISTRICTS.  21 

water  required  for  their  re8X)ectiye  districts.  As  soou  as  the  probable 
cost  of  the  works  is  determined  they  fix  the  amount  of  bonds  necessary 
to  be  issued,  and  the  question  of  bond  issue  is  submitted  to  the  qualified 
electors  of  the  district.  Work  on  district  canals  is  ordinarily  done 
by  contract,  but  may  also  be  done  by  day  labor.  It  was  originally 
prescribed  by  law  that  bonds  should  not  be  sold  at  less  than  90  per 
cent,  and  as  the  law  now  stands  no  sales  are  to  be  made  at  less  than 
par.  The  bonds  may  also  be  used  in  paying  for  completed  canals  and 
for  water  rights  and  rights  of  way,  but  are  not  to  be  used  for  defraying 
expenses  of  operation  and  management. 

•  Difficulties  were  soon  encountered  in  the  application  of  this  law. 
Almost  at  the  ontset  it  was  found  that  when  the  exterior  boundaries 
had  been  fixed  by  the  county  supervisors  on  petition  of  landowners  and 
the  testimony  of  volunteer  witnesses,  there  was  no  certainty  that  cor- 
rect conclusions  had  been  reached,  and  the  irrigation  project  assumed 
to  be  feasible  in  advance  of  an  engineering  investigation  might  still  be 
grievously  at  fault.  When  taxes  were  to  be  collected  to  meet  expenses 
of  examination  and  surveys,  active  opposition  often  became  manifest 
and  payments  were  in  many  cases  greatly  delayed.  The  validity  of  the 
law  was  called  into  question  and  was  passed  upon  repeatedly  by  State 
courts,  and  finally  by  the  Supreme  Gourt  of  the  United  States,  which 
only  recently  rendered  the  decision  which  conclusively  established  its 
validity. 

Meanwhile  many  of  the  districts  which  commenced  operations  under 
favorable  auspices  had  adopted  plans  and  issued  bonds  which  had 
been  offered  for  sale  with  more  or  less  success.  The  hope  that  full 
confidence  in  the  successiul  operation  of  the  law  would  be  speedily 
established  and  that  the  6  per  cent  bonds  would  soon  sell  above  par 
was  not  realized,  and  despite  favorable  decisions  in  the  superior  courts, 
confirmatory  of  the  proceedings  in  individual  districts,  and  favorable 
action  by  the  supreme  court  of  the  State,  the  bonds  did  not  sell  readily. 
The  districts  that  had  been  most  active  in  pushing  the  work  on  their 
canals  then  found  themselves  in  a  somewhat  pecoliar  position.  The 
construction  funds  maintained  by  the  proceeds  of  bond  sales  were 
depleted,  the  canals  and  structures  were  incomplete  and  of  no  use 
until  completed,  and  to  current  expenses  had  been  added  the  annual 
interest  and  sinking  fund  account  on  bonds  already  sold. 

It  is  hardly  surprising  that,  pending  a  final  decision  by  the  highest 
tribunal  of  the  couqtry — a  decision  which  was  not  secured  until  nine 
years  after  the  euactment  of  the  law — every  resource  was  exhausted 
by  some  of  the  district  managements  to  continue  operations  and  to 
derive  benefit  from  completed  or  nearly  completed  works.  The  law 
requiring  bonds  to  be  sold  at  90  per  cent* or  more  was,  in  some  instances, 
evaded  by  selling  without  requiring  the  purchaser  to  guarantee  that 
bonds  would  be  taken  as  offered.  Contracts  were  then  awarded,  often 
without  more  than  nominal  competition,  and  at  rates  far  in  excess  of 


22  IRRIGATION  IfEAR  BAKER6FIELD,    CALIFORNIA.  [lo.iT. 

cash  valae,  it  being  generally  understood  that  the  money  paid  in  ftr 
any  block  of  bonds  qaickly  returned  to  the  contractors,  in  exchange 
for  warrants  for  work  performed  or  material  furnished.  In  other  cases 
ditches  were  built  under  supervision  of  the  district  engineer  by  pri- 
vate parties,  and  after  completion  were  bought  by  the  irrigation  district 
for  bonds,  which  were  thus  legally  disposed  of  without  a  direct  sale. 
The  cost  of  works  under  such  conditions  necessarily  became  greater 
than  if  all  could  have  been  constructed  for  cash.  Sometimes,  too,  first 
estimates  of  cost  were  too  small  to  complete  the  system  of  works  even 
under  ordinary  conditions,  so  that  supplemental  bond  issues  had  to  be 
resorted  to,  or  will  yet  be  necessary,  to  complete  and  put  the  irrigation' 
systems  into  service. 

It  is  found,  too,  that  the  introduction  of  water  into  a  new  district 
generally  brings  disappointment.  The  fanner  is  not  prepared  to  make 
immediately  fhll  use  of  the  water.  Its*mere  presence  in  the  main  canals 
and  laterals  is  not  a  guaranty  of  good  crops,  and  he  is  often  slow  to 
adapt  himself  to  the  new  methods  of  farming  that  become  necessary. 
So  the  burden  put  upon  the  farmer  in  the  shape  of  increased  taxation 
brings  no  quick  return,  and,  even  under  comparatively  favorable  con- 
ditions, dissatisfaction  is  likely  to  result. 

In  the  light  of  ten  years'  experience  the  conclusion  seems  jnstified 
that,  though  endeavoring  to  establish  a  correct  principle,  the  law  ha9 
not  been  uniformly  successful  in  its  operation.  State  supervision  by  a 
competent  board  of  public  works,  which  has  the  confidence  of  tbe 
people,  is  a  first  requirement.  This  supervision  should  not  be  a  mere 
nominal  one,  but  district  boundaries  and  preliminary  plans  of  works 
should  emanate  from  a  department  of  that  character,  and  no  plans 
should  be  finally  adopted  without  its  approval.  Such  board  shonld 
serve  the  several  districts  at  least  in  an  advisory  capacity  when  required 
to  do  so,  thereby  guaranteeing,  as  far  as  may  be  possible,  an  adequate 
source  of  water  supply  and  an  adequate  canal  system.  The  bonds  ot 
every  district  should  be  guaranteed  by  the  State,  and  all  bond  sales 
should  be  made  by  the  State,  so  that  district  construction  work  may 
always  be  done  on  a  cash  basis. 

Bond  issues,  after  being  declared  necessary  by  the  directors  of  any 
district,  are  voted  upon  by  the  qualified  electors  of  the  district 
Operations  under  the  law  would  have  been  safer  and  would  have  com- 
manded greater  confidence  if  the  right  to  vote  on  all  questions  involr- 
ing  the  expenditure  of  money  or  the  incurring  of  an  indebtedness 
conld  have  been  restricted  to  4;he  landowners  or  the  taxpayers  of  eacb 
district.  The  question  of  material  benefit  would  in  most  cases  be  safer 
in  their  hands  than  if  left  to  a  popular  vote,  which,  as  the  law  now 
stands,  is  often  largely  cast  by  a  floating  population. 

Under  the  district  law  the  operating  expenses  are  raised  either  by 
the  levying  of  an  assessment  (which  must  be  ratified  by  a  vote)  or  by 
charges  established  by  the  directors  for  the  use  of  the  water. 
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There  are  several  irrii^ation  districtB  in  San  Jeaqnin  Valley  in  which 
canal  systems  have  been  broaght  into  actual  service,  but,  as  above 
intimated,  the  operation  of  the  system  does  not  give  general  satisfac- 
tion. The  irrigation  districts  of  tbe  great  central  valley  of  California 
are  here  briefly  enumerated.  Those  of  San  Joaquin  Valley  will  again 
be  taken  up  and  treated  more  fully  in  connection  with  the  irrigation 
works  dependent  upon  a  common  source  of  supply. 

Kraft  irrigation  district. — ^This  is  the  most  northerly  of  the  several 
listricts  in  Sacramento  Valley,  and  is  situated  on  the  north  side  of 
Stony  Greek.  It  was  organized  in  1888.  Its  area  is  13,500  acres. 
Stony  Greek  was  to  be  the  source  of  supply,  and  bonds  to  the  extent  of 
180,000  were  voted.  No  bonds  were  sold,  all  debts  were  paid,  and  no 
^ther  action  under  the  law  is  contemplated. 

Orland  South  Side  irrigation  district — This  district,  in  Sacramento 
Galley,  was  organized  in  1888  and  is  situated  on  the  south  side  of 
Stony  Greek,  directly  opposite  Kraft  district.  It  has  an  area  of  about 
!6,000  acres  and  was  to  be  dependent  upon  Stony  Greek  for  a  water 
(apply.  No  bonds  were  sold,  although  $100,000  had  been  voted.  The 
listrict  organization  is  dead. 

Central  irrigation  district, — This  is  the  most  important  district  in 
Sacramento  Valley.  It  extends  southerly  from  near  Stony  Greek  ibr  a 
listance  of  about  40  miles,  being  situated  on  the  west  side  of  the  val- 
ey,  between  the  base  of  the  Goast  Bange  foothills  and  the  valley 
x'oagh,  and  having  an  average  width  of  about  4  miles.  Its  area  is 
156,550  acres.  Sacramento  Biver  is  the  contemplated  source  of  sup- 
>ly.  The  district  was  organized  in  1887.  Estimated  cost  of  works, 
lot  including  rights  of  way  or  litigation,  was  $538,000.  Bonds  were 
Bsaed  to  the  extent  of  $750,000,  of  which  about  $200,000  remain 
msold.    No  work  has  been  done  since  1891. 

Colusa  irrigation  district — ^This  is  a  Sacramento  Valley  irrigation 
llBtrict,  which  has  remained  inactive.  It  was  organized  in  J.888,  on  the 
iv-est  side  of  Sacramento  River,  intermediate  between  tbe  river  and 
Central  district.  Its  area  is  about  100,000  acres,  and  the  bonds  voted 
^ere  $600,000,  but  no  bonds  were  sold.  The  proposed  source  of  water 
mpply  was  Sacramento  Biver,  it  being  intended  to  use  the  upper  sec- 
jon  of  a  main  canal  in  common  with  Gentral  irrigation  district. 

College  City  irrigation  district  (proposed). — This  was  to  be  a  third 
listrict,  dependent  upon  the  canal  which  was  to  divert  water  from 
Sacramento  Biver  for  Gentral  district.  Its  organization  was  under 
contemplation  in  1889,  but  it  failed.  It  was  practically  a  proposed 
southward  extension  of  Gentral  district. 

Browns  Valley  irrigation  district. — This  irrigation  district,  organized 
in  1888,  is  situated  in  the  foothills  of  the  Sierra  Nevada,  on  the  east 
side  of  Sacramento  Valley.  It  has  an  area  of  43,000  acres.  Water  for 
its  irrigation  is  diverted  from  Yuba  Biver.    The  bonds  voted  and  sold 
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amoant  to  $110,000.  The  irrigatiou  syBtem  was  oompleted  and  is  in 
service. 

Modesto  irrigation  district. — This  district  is  sitaated  in  San  Joaquin 
Valley,  between  Stanislaus  and  Taolamne  rivers.  It  was  organized  in 
1887  with  an  area  of  about  120,000  acres.  To  cut  down  cost  of  works 
necessary  for  its  irrigation  this  area  was  reduced  to  81,500  acres  by  omit- 
ting high  uplands  in  the  northeastern  portion  of  the  original  district 
After  protracted  conferences  Jwith  Turlock  district  an  arrangement  was 
entered  into  whereby  the  two  districts  were  to  construct  a  great 
masonry  weir  or  diverting  dam  in  Tuolumne  River  in  common,  the  cost 
of  which  was  to  be  apportioned  to  the  two  districts  in  isqual  shares. 
The  district  voted  bonds  to  the  amount  of  $800,000  in  1888,  which  have 
all  been  disposed  of.  A  further  bond  issue  of  $350,000  has  been  voted 
to  complete  the  main  canal  and  to  construct  distributaries. 

Turlock  irrigation  district — This  irrigation  district  is  situated  on  the 
south  side  of  Tuolumne  Biver  and  embraces  the  greater  portion  of  the 
upland  or  east-side  plain  of  San  Joaquin  Valley  between  Tuolumne 
and  Merced  rivers,  of  which  the  former  is  to  be  the  source  of  water 
supply.  It  has  an  area  of  176,000  acres.  Boi^ds  to  the  amount  of 
$600,000  were  voted  soon  after  the  organization  of  the  district,  in 
1887,  and  construction  work  was  actively  pushed.  A  second  issue  of 
bonds,  to  the  amount  of  $600,000,  was  found  necessary,  and  the  main 
canals  will  probably  be  completed  within  a  reasonable  time. 

Madera  irrigation  district. — ^This  district,  organized  in  1888,  is  sit- 
uated on  the  east  side  of  San  Joaquin  Valley  to  the  north  of  San 
Joaquin  Biver.  Its  area  is  305,000  acres.  San  Joaquin  Biver  was  to 
supply  water  for  the  district.  Bonds  to  the  amount  of  $850,000  were 
voted,  but  none  were  sold.  After  much  litigation  it  was  finally 
decided  to  abandon  all  further  proceedings  under  the  district  organi- 
zation. 

Selma  irrigation  district. — The  lands  watered  by  Fowler  Switch  and 
Genterville  and  Eangsburg  canals  have  been  united  in  Selma  irrigation 
district  They  are  situated  on  the  east- side  San  Joaquin  Valley  plain, 
on  the  north  side  of  Elings  Biver.  It  was  proposed  to  acquire  by  pur- 
chase the  two  canals  mentioned*  The  district  was  organized  in  1890. 
Bonds  were  to  be  issued  to  the  amount  of  $1,000,000,  but  this  bond 
■issue  was  twice  defeated. 

Alta  irrigation  district. — ^This  district  is  situated  on  the  south  side 
of  Elings  Biver,  and  has  an  area  of  130,000  acres.  It  was  organized 
in  1888,  and  bonds  to  the  amount  of  $675,000  were  voted,  of  which 
$410,000  were  paid  for  the  "Seventy-six"  canal  system,  which  has 
thus  become  the  district  canal.  Its  water  comes  from  Kings  Biver. 
Permanent  head  works  and  a  number  of  distributing  canals  are  yet 
to  be  constructed. 

Tulare  irrigation  district. — ^This  district  lies  in  the  delta  of  Kaweah 
Biver,  encompassing  the  town  of  Tulare.    It  was  organized  in  1889,  and 
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hasau  area  of  39,200  acres.  Bonds  to  the  amountof  $500,000  were  voted, 
of  whicli  aboat  $300,000  were  paid  for  existing  canals,  reservoir  site, 
and  water  rights,  and  the  remainder  went  toward  the  constrnction  of 
branch  canals.    Eaweah  Eiver  is  the  soarce  of  water  supply. 

Tule  River  irrigation  district. — This  district  is  situated  in  the  delta  of 
Tale  Biver.  Bonds  were  originally  voted  to  the  extent  of  $90,000,  and 
a  second  issue  of  $10,000  soon  followed.  This  district  was  organized  in 
1891.  It  has  an  area  of  about  22,000  acres  and  takes  water  from  Tule 
Biver. 

Tipton  irrigation  district. — This  district  is  situated  to  the  south  of 
Tule  Biver,  from  which  it  was  to  be  supplied  with  water.  The  bonds 
voted  amount  to  $50,000.  These  bonds  and  unpaid  warrants  to  the 
amount  of  $15,000  were  necessary  to  complete  a  canal  system,  which  is 
temporarily  out  of  service  by  order  of  the  court 

Poso  irrigation  district. — This  is  another  of  the  east-side  San  Joaquin 
Valley  districts.  It  is  situated  in  Eem  County,  northward  from  Eern 
Biver,  on  the  north  side  of  Poso  Greek,  which  is  its  source  of  water 
supply.  It  has  an  area  of  40,000  acres,  and  bonds  were  voted  to  the 
amount  of  $500,000.  It  is  one  of  the  districts  in  which  land  is  almost 
valueless  without  irrigation.  Its  sparse  population  is  indicated  by  the 
fact  that  only  24  votes  were  cast  on  the  question  of  district  organiza- 
tion, and  only  35  on  the  bond  issue.  yVorks  are  still  incomplete,  though 
a  I>ortion  of  the  district  has  water.    All  bonds  have  been  disposed  of. 

Kem  and  Tulare  irrigation  district. — This  district  lies  iu  Kern  and 
Fulare  counties.  It  was  organized  in  1890,  and  was  to  have  been  sup- 
plied with  water  diverted  from  Kern  Biver.  Its  area  is  84,300  acres. 
the  bonds  voted  amounted  to  $700,000.  Although  about  $40,000  were 
expended  in  preliminary  work,  there  has  been  no  canal-construction 
^ork  done  by  the  district. 

Huron  irrigation  distriot.-^Th\%  is  a  west-side  district,  situated  near 
:^he  base  of  the  Coast  Bange  foothills,  to  the  northwest  of  Tulare  Lake. 
Fhe  district  was  organized  in  1891,  and  was  to  be  irrigated  with  water 
ieveloped  largely  from  the  subsurface  flow  of  Los  Gates  Greek.  It 
tias  sold  no  bonds,  and  no  construction  work  has  been  done. 

Sunset  irrigation  district. — ^This  is  a  very  large  district,  embracing  a 
ong,  narrow  strip  of  land  on  the  west  side  of  San  Joaquin  Valley.  It 
extends  northward  from  Tulare  Lake  about  60  miles,  and  has  an  area 
)f  363,400  acres.  It  was  organized  in  1889.  Bonds  were  voted  to  the 
imount  of  $2,000,000,  and  some  of  these  have  been  issued  in  return  for 
9rater  rights  and  rights  of  way.  A  contract  has  been  let  aggregating 
(1,500,000  for  the  construction  of  its  works,  and  operations  under  it 
grere  to  begin  soon  after  a  favorable  decision  on  the  district  law  by  the 
Supreme  Court  of  the  United  States.  It  is  understood  that  the  con- 
tractor is  now  ready  to  proceed  under  his  contract. 
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METHODS  OF  IBRIGATION. 

Although  water  was  used  for  the  irrigation  of  mission  gardens  in 
California  more  than  one  hundred  years  ago,  irrigation  may  still  be 
regarded  as  a  new  art  in  this  State.  Irrigation  development  was  not 
rapid  until  within  the  last  twenty  years,  and  methods  of  irrigation  are 
the  result  in  most  cases  of  attempts  to  adapt  to  local  conditions  the 
methods  in  use  elsewhere.  There  was  no  incentive  at  the  outset  to 
prevent  waste,  so  that  the  method  adopted  was  very  often  determined 
by  first  cost  of  land  preparation.  As  the  duty  of  water  was  gradually 
raised  and  the  supply  allotted  per  acre  of  land  became  smaller,  more 
attention  was  given  to  the  method  of  use,  and  particularly  to  the 
reduction  of  waste.  The  degree  of  attention  which  the  suppression  of 
waste  receives  depends  also  upon  the  value  of  the  products  of  the  soil 
This  has  led  to  the  introduction  of  extensive  pipe  systems  in  southern 
counties  of  the  State  for  water  distribution  to  irrigators,  as  well  as  its 
delivery  on  individual  tracts  at  the  exact  spots  where  wanted  for  nse. 
But  in  San  Joaquin  Valley,  where  the  volumes  of  water  under  con- 
trol are  larger  and  cultures  are  generally  on  a  lower  scale  of  value 
than  farther  south,  the  use  of  pipes  is  still  out  of  the  question.  The 
methods  here  adopted  are  more  or  less  i)erfectly  adapted  to  the  pecnl- 
iarities  of  climate,  soil,  and  physical  features  of  the  tracts  irrigated, 
but  vary  within  wide  limits  according  to  the  caprice  of  the  individual 
irrigators. 

The  methods  of  irrigation  in  San  Joaquin  Valley  may  be  classified 
as  follows: 

Irrigation  by  flooding. 

Irrigation  from  furrows. 

Irrigation  by  saturation  of  subsoils. 

Irrigation  from  subsurface  conduits. 

Cereals  are  generally  irrigated  by  flooding  or  by  saturation  of  sub- 
soils, sometimes  by  the  furrow  method;  alfalfa  is  irrigated  by  flooding 
or  by  saturation  of  subsoils;  fruits  and  vines  are  irrigated  by  any  of 
the  methods  enumerated;  and  vegetables,  generally  from  furrows. 

Wild  flooding. — Water  is  made  to  escape  over  the  banks  of  small 
ditches  constructed  on  the  highest  ground,  and  is  controlled  in  its  flow 
over  the  surface  to  be  irrigated  by  attendants.  The  supply  ditch  is 
either  at  the  highest  margin  of  the  tract  to  be  irrigated  or  follows 
along  ridge  summits.  Water  is  turned  from  it  into  irrigating  ditches, 
which  are  usually  very  shallow  depressions  with  flat  embankments  ou 
their  lower  sides,  over  which  the  water  flows  in  a  thin  sheet.  It  is 
controlled  as  much  as  possible  by  attendants,  who  try  to  force  it  over 
the  entire  surface  intermediate  between  irrigating  ditches.  Surplus 
water  accumulates  in  the  lower  ditches  and  is  used  again.  The  prepa- 
ration of  the  ground  for  irrigation  by  wild  flooding  is  very  inexpen- 
sive, but  the  cost  of  applying  the  water,  owing  to  constant  attwidance 
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[aired,  is  relatively  great.  One  attendant  is  expected  to  irrigate 
m  1  to  2  acres  a  day.  The  irrigating  ditches  and  their  embank- 
nts  are  usually  so  flat  that  they  do  not  interfere  with  farming  oper- 
ons.  This  method  of  irrigation  ifii  to  be  regarded  as  somewhat 
mitive  and  is  used  but  little. 

flooding  in  contour  checks. — The  land  to  be  irrigated  is  divided  into 
apartments  or  cheeks,  each  of  which  is  entirely  surroanded  by 
bankments  of  earth.  The  principal  embankments  follow  contour 
3s,  the  vertical  distance  from  one  contour  levee  to  the  next  being 
[form.  The  contour  interval  usually  selected  is  6  to  9  inches,  rarely 
great  as  1  foot.  It  depends  in  all  cases  upon  the  surface  slope  of 
'  ground  to  be  prepared  for  irrigation,  and  should  be  less  than  6 
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ihes  if  the  ground  is  sufficiently  flat  to  permit  such  an  arrangement 
bboat  making  the  individual  checks  too  small.  For  ground  on  a 
pe  that  would  require  levees  more  than  1  foot  apart  in  elevation 
oe  other  method  of  irrigation  should  be  adopted.  The  strips  of  land 
iween  the  contour  levees  are  subdivided  hy  cross  levees  into  com- 
rtments  of  convenient  size,  which  are  generally  called  "checks." 
eir  area  should  vary  according  to  the  volume  of  water  available,  a 
>d  rule  for  porous  soils  being  not  to  exceed  one-fourth  of  an  acre  for 
;h  second-foot  when  a  large  head  of  water  is  available,  and  to  make 
Lf  an  acre  per  second-foot  the  limit  for  a  small  supply, 
^ater  is  supplied  to  the  several  checks  in  turn  from  highest  to  low- 
;  in  each  series  between  cross  levees.    The  irrigating  ditch  which 
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leads  off  from  the  supply  canal  is  nsaally  carried  in  the  direction  of 
greatest  slope,  cutting  the  several  contour  levees  nearly  at  right  angles. 
Irrigation  commences  by  turning  a  full  head  of  water  into  the  upper 
check  upon  one  side  of  the  irrigating  ditch.  This  should  be  filled  in 
from  one  to  six  hours.  In  the  fiill  check  water  should  be  barely  over 
the  highest  portion  of  the  ground,  but  6.  inches  to  1  foot  deep  in 
the  lowest  portion  of  the  check,  according  to  contour  interval.  The 
contour  levee  should  have  its  top  about  half  a  foot  above  the  water 
surface  of  a  full  check.  When  the  upper  check  is  entirely  submerged, 
gates  are  opened  from  the  irrigating  ditch  into  the  next  lower  check, 
those  admitting  water  to  the  upi>er  check  are  closed,  and  one  or  more 
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Fio.  8.— Flooding  in  contour  checks. 

gates  in  the  contour  levee  between  the  two  checks  are  opened  to  pe^' 
mit  the  surplus  water  from  the  first  to  drain  into  and  assist  in  submer^' 
ing  the  second  one.    This  will  require  less  time  to  fill  than  the  firsts 
because  the  supply  of  water  from  the  ditch  is  augmented  by  the  rof 
off  from  the  upper  check. 

The  irrigating  ditches  frequently  replace  cross  levees,  so  that  wate^ 
can  be  admitted  to  a  check  from  both  sides  at  once. 

When  the  average  time  required  to  fill  checks  on  sandy  soils  exceeds 
three  hours,  it  may  generally  be  assumed  that  water  is  wasted;  either 
the  checks  are  too  large  or  there  is  not  enough  water  turned  in.  HeaTf 
soils,  however,  do  not  take  up  water  rapidly,  and,  aside  from  reqpiS' 
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I  more  time  to  absorb  water,  they  do  not  permit  its  flow  to  Babsolls 
readily  as  do  sandy  soils,  conseqnently  more  time  may  be  allowed  to 

a  check  in  clayey  soil  without  undue  waste.  Twenty-four  hours 
mid  be  regarded  as  the  permissible  limit. 

3heck8  are  occasionally  very  large.  One  was  ibund  in  service  under 
» Galloway  Ganal  having  an  area  of  60  acres.  The  water  supplied  to 
T^as  reported  to  have  been  as  great  as  250  second -feet.  Such  areas 
>ne  check  are  never  advisable  and  are  merely  temix)rary  features  of  a 
»wing  system.  Eight  to  10  acre  checks  are  large,  and  those  of  2  to 
cres  are  generally  preferred. 

limbankments  around  the  checks  may  be  either  permanent  or  temi>o- 
y.  The  latter  are  rare.  Permanent  check  levees  are  made  of  two 
»e8,  either  with  very  steep  sides  and  narrow  tops,  so  as  to  occupy  as 
Je  space  as  x>ossible,  or  very  broad  and  flat,  so  as  not  to  interfere 
rli  farming  oi>erations.  The  flat  embankment  becomes  a  part  of  the 
tivated  area  and  generally  is  the  most  productive  part  of  the  irri- 
:ed  field.  It  is  constructed  by  scraping  up  material  from  a  broad 
a  on  both  sides  if  the  ground  is  nearly  level,  or  from  the  lower  side 
y  if  the  ground  is  comparatively  steep.  The  cost  of  preparing  land 
this  method  of  irrigation  in  permanent  checks  ranges  from  $2.50  to 
per  acre,  the  cost  of  the  necessary  distributing  canals,  ditches,  and 
Eictures  frt)m  $3  to  $5  per  acre.  These  figures,  of  course,  may  be 
atly  exceeded  if  the  ground  has  too  great  a  slope  or  is  very  much 
ken  by  hogwallows,  or  swales  and  ridges.  Irrigation  by  this  method 
nnch  less  expensive  than  by  wild  flooding.  The  only  work  required 
attendants  is  the  oi>ening  and  closing  of  gates  and  the  guarding  of 

check  levees.  When  ground  is  well  prepared  for  this  method  of 
Ration  and  the  supply  of  water  is  abundant,  the  cost  of  each  appli- 
Lon  of  water  will  range  from  3  to  30  cents  per  acre.  The  best 
onples  of  irrigation  by  this  method  are  found  on  Kern  Island;  under 
Joway  Ganal;  on  Buena  Yista  farm,  watered  by  the  Kern  Valley 
iter  Gompany's  canals;  near  Borden  and  Madera;  on  the  Eiverside, 
inmbia,  and  Ghowchilla  ranches,  irrigated  by  the  Ghowchilla  Canal; 
the  west  side  of  the  San  Joaquin,  under  the  San  Joaquin  and  Kings 
^er  Ganal;  and  at  various  other  points. 

flooding  in  rectangular  checks^  not  level. — ^The  subdivision  into  com- 
rtments  of  the  land  to  be  irrigated  is  carried  out  on  straight  lines, 
d  levees  are  built  on  these  lines.  The  subdivision  may  be  planned 
bh  some  regard  to  the  direction  of  the  contour  lines  and  lines  of 
latest  slope,  or  these  may  be  entirely  ignore^.  The  advantage  of 
s  system  over  subdivision  or  contour  lines  is  better  conformity  with 
»perty  limits  and  culture  borders,  but  it  has  many  disadvantages 
en  the  surface  of  the  ground  is  not  very  smooth.  Levees  are  not 
form  in  dimension,  as  is  the  case  with  the  principal  levees  under  the 
itour  system.  It  is  difficult  to  avoid  leaving  low  spots,  which  inter- 
3  with  thorough  drainage,  and  the  first  cost  of  land  preparation  is 
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generally  somewhat  greater  than  when  contour  levees  are  nsed.  The 
method  of  applying  water  is  substantially  the  same  as  in  the  case  <rf 
contour-check  irrigation^  Flooding  progresses  in  the  direction  from 
highest  to  lowest  ground. 

A  good  example  of  this  method  of  irrigation  is  to  be  seen  oe  the 
Kohler,  West  &  Minturn  tract,  near  Minturn.  The  soil  is  a  light, 
sandy  loam,  underlain  by  a  hardpan,  which  is  near  the  surface  at  the 
eastern  limit  of  the  tract,  but  which  dips  westward.  The  soil  wat^is 
about  14  feet  below  the  surface.  When  irrigation  is  in  progrees 
with  a  fiill  head  of  water  (about  16  second-feet  is  so  considered  by  its 
owners),  six  men  are  required  to  manipulate  gates  and  guard  cheek 
levees.    These  attendants  work  in  two  shifts  of  three,  each  for  twdre 
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Fio.  4.— Flooding  in  rectangular  checks,  not  level. 


hours.    The  progress  made  is  at  the  rate  of  about  20  acres  a 
On  the  same  tract  some  land  is  subdivided  on  the  contour  i^s^'^\ 
Where  this  is  the  case  the  rate  of  progress  is  nearly  twice  as 
but  this  difference  in  the  duty  of  water  is  not  to  be  ascribed  solely 
the  method  of  irrigation;  the  rectangular  checks  are  in  the  ^^^^^'"^^ 
portion  of  the  tract,  where  soil  is  lightest  and  deepest,  aud  where  dat. 
of  water  is  naturally  least. 

Flooding  in  level  checks, — The  surface  of  the  ground  in  each  coidp*^^^^ 
ment  is  made  perfectly  level  and  smooth.    In  such  cases  the  chec"^ 
levees  are  low.    Checks  are  made  small  to  reduce  cost  of  land  prepa^^ 
tion.    The  amount  of  material  to  be  moved  when  the  original  surface  i* 
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ooth  increases  with  the  square  of  the  dimension  of  the  checks  in  the 
"ection  of  greatest  slope.  All  checks  are  usually  made  rectangular, 
nd  preparation  for  this  method  of  irrigation  is  always  expensive, 
t  where  the  surface  needs  special  treatment,  as  in  the  case  of  the 
oily  or  ^^hogwallow"  lands,  the  excess  of  cost  over  other  methods  is 
considerable.  The  first  irrigators  near  Fresno  adopted  this  method, 
d  it  has  long  remained  in  favor  in  that  locality.  The  first  applica- 
n  of  water  was  often  accompanied  by  peculiar  phenomena,  notably  in 
3  nature  of  an  irregular  surface  settlement,  due  in  part  to  a  copious 
w  from  the  surface  into  subsoils,  which  often  caused  a  general  break- 
^  down  of  the  surface.  In  refilling  the  depressions  caused  by  the  first 
itting  a  level  plane  was  established  for  each  check,  regardless  of  the 
tnre  of  the  crop  to  be  irrigated,  and  this  system  of  leveling  the 
ound  in  each  check  has  become  a  characteristic  feature  of  irrigation 
>ar  Fresno. 

The  area  of  the  checks  is  made  small,  generally  less  than  1  acre, 
mally  one-quarter  to  one-half  acre.  Water  is  admitted  to  the  several 
ecks  from  small  irrigating  ditches,  and  is  shut  off  as  soon  as  it  has 
read  over  the  whole  surface  of  each.  There  is  ordinarily  no  drain- 
e  from  level  checks.  All  water  admitted  to  each  is  allowed  to  sink 
o  the  soil.  Not  more  than  three  hours  should  be  required  to  fill  a 
M3k  with  water,  soil  being  ordinary  sandy  loam.  If  more  time  is 
Luired  the  supply  of  water  should  be  increased  or  the  size  of  the 
^ck  should  be  reduced. 

n  1882  an  irrigator  near  Fresno  was  observed  irrigating  four  small 
^<3ks  of  alfalfa.  His  water  supply  was  small,  only  2.26  second-feet. 
^t:ead  of  turning  all  the  water  in  turn  into  the  several  checks,  he 
Portioned  it  to  the  four,  and  the  time  to  fill  them  was  ten  hours, 
^reas  not  more  than  an  hour  apiece  would  have  been  required  had 
>^  been  filled  one  after  the  other. 

[?li6  cost  of  preparing  land  for  this  method  of  irrigation,  including 
^  necessary  small  ditches  and  gates,  ranges  from  about  $15  to  $50 
"  acre.  The  cost  of  applpng  water  is  inexpensive.  The  attendant 
csharge  usually  has  time  for  other  work,  it  being  ordinarily  only 
^ssary  to  turn  the  water  off  and  on. 

flooding  between  parallel  levees. — This  is  a  recent  modification  of  the 
xnitive  system  of  wild  flooding,  especially  adapted  to  such  cultures  as 
iBilfa  and  growing  cereals.  Low  parallel  embankments,  generally  50 
XOO  feet  apart,  are  constructed  in  the  direction  of  the  land's  greatest 
pe.  Water  is  delivered,  at  the  upper  end  of  a  strip  of  land  between 
o  of  these  embankments,  into  a  ditch  whose  downstream  bank  is 
^ally  raised  slightly  above  the  general  surface  of  the  ground,  and  is 
^e  level.  Enough  water  is  admitted  to  this  ditch  to  cause  an  over- 
'^  of  1  to  2  inches  over  this  bank,  and  this  overflow  is  maintained 
^til  water  reaches  the  lower  end  of  the  strip  of  land.  Ordinarily  the 
^tei;  will  spread  from  levee  to  levee.    If  it  shows  too  great  tendency 


32  IBRIGATION   NEAR   BAKER8FIELD,    CALIFORNIA.  [aalT. 

to  concentrate  on  fixed  lines,  and  fails  to  spread,  it  is  intercepted  with 
other  ditches  or  depressions  similar  to  the  one  at  the  head  of  the  strip 
of  land,  and  the  flow  from  leyee  to  levee  again  becomes  uniform. 

All  embankments  are  ordinarily  very  low  and  flat,  so  that  farming 
operations  will  not  be  interfered  with.  The  cost  of  laud  preparation 
for  this  method  is  about  $5  to  $10  per  acre. 

Furrow  irrigation, — The  method  of  irrigation  by  running  water  in 
furrows  or  small  temi>orary  ditches  made  with  the  plow  is  a  common 
one  in  Ban  Joaquin  Valley.  It  is  the  method  generally  adopted  for  the 
irrigation  of  fruits,  vines,  vegetables,  hops,  or  other  cultures  usually 
arranged  in  parallel  rows.  Water  is  allowed  to  flow  in  furrows,  from 
which  it  sinks  into  the  soil,  being  most  readily  absorbed  by  the  upper 
layers  which  have  been  loosened  by  plowing.  Occasionally  drainage 
is  combined  with  furrow  irrigation;  more  frequently,  however,  no  atten- 
tion is  paid  to  drainage,  the  aim  being  to  supply  to  each  furrow  only 
the  amount  of  water  that  will  be  absorbed  by  the  soil.  The  flooding 
of  i>ortion8  of  the  ground's  surface,  as  by  the  furrow  methods,  compacts 
the  soil,  thereby  facilitating  the  return  of  moisture  from  below  the 
surface,  where  it  evaporates.  To  destroy  the  capillary  action  of  the 
surface  layer,  it  is  necessary  to  use  the  hoe  or  some  other  implement 
before  it  becomes  too  dry  and  baked. 

Furrow  irrigation  of  cereals. — Cereals  are  not  ordinarily  irrigated  by 
the  furrow  method,  but  this  method  of  rapidly  supplying  moisture  to  a 
grain  field  not  specially  prepared  for  irrigation  has  often  been  resorted 
to  when  conditions  seemed  to  justify  a  special  effort  to  save  a  parching 
crop.  Sometimes,  too,  land  is  wet  in  the  fall  of  the  year,  before  sowing, 
by  this  method. 

If  the  slope  of  the  ground's  snrfiEhce  be  not  too  great  the  fttrrows, 
which  are  generally  deep,  single  plow  furrows,  are  run  in  the  direction 
of  the  slope.  They  are  placed  8  to  12  feet  apart,  according  to  the 
I>orosity  of  the  soil.  Water  is  admitted  into  them  from  small  ditches, 
generally  crossing  them  at  intervals  of  100  to  200  yards.  The  irrigation 
commences  at  the  highest  part  of  the  field.  Water  is  admitted  into  a 
number  of  furrows  at  the  same  time,  and  the  flow  is  checked  or  aided 
in  each  by  an  attendant,  so  as  to  keep  progress  uniform  and  to 
accomplish  a  general  soaking  of  the  ground's  surface.  This  system  of 
irrigation  involves  much  labor  and  careful  watching.  It  is  relatively 
expensive.  Should  the  surface  of  the  ground  have  too  great  slope,  the 
plow  furrows  are  drawn  across  the  direction  of  greatest  slope  on  pre- 
determined grade  lines.  As  soon  as  irrigation  is  complete  the  furrows 
are  plowed  in,  so  that  they  may  not  interfere  with  farming  operations. 

Furrow  irrigation  of  permanent  cultures. — The  usual  method  of  irri- 
gating trees,  vines,  or  plants  set  out  in  rows  is  to  allow  water  to  flow 
between  the  rows  in  plow  furrows  or  small  ditches.  When  rows  are  fskv 
apart,  two  or  more  furrows  are  drawn  between  rows;  ordinarily,  how- 
ever, one  deep  furrow  between  each  two  rows  is  preferred.    The 
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direction  of  farrows  is  not  always  restricted  to  that  of  rows  of  trees, 
etc.,  bat  may  be  determined  by  other  considerations,  such  as  slope  of 
the  ground's  surface.  Small  ditches  snrrounding  individual  trees  or 
plants  are  sometimes  connected  with  the  irrigation  furrows.  It  is 
better  to  prevent  the  water  from  standing  around  trunks  of  trees,  but 
no  rigid  rule  can  be  laid  down;  the  spacing  of  irrigation  furrows  is 
governed  by  the  character  of  the  soil  to  be  irrigated,  and  is  determined 
for  each  locality  by  experience. 

Water  is  usually  turned  into  a  number  of  the  irrigation  furrows  at 
the  same  time.  At  the  lower  end  it  may  be  received  into  a  drain  ditch 
which  carries  it  off  for  further  use.  The  time  required  for  irrigation 
from  each  furrow  is  somewhat  indefinite,  but  the  endeavor  is  always 
made  not  to  let  water  flow  longer  than  may  be  necessary  to  give  a 
reasonable  supply  to  the  soil.  The  several  furrows  are  generally  less 
than  300  feet  long.  Irrigation  progresses  from  highest  to  lowest  por- 
tion of  the  tract  to  be  irrigated.  This  method  of  irrigation  is  in  general 
use  without  regard  to  character  of  soil,  but  gives  particularly  good 
results  on  comparatively  heavy  soils  which  do  not  absorb  water  rapidly. 
When  soils,  are  porous  and  take  water  from  the  furrows  freely,  the 
furrows  are  kept  shorter  than  in  heavier  soils. 

Furrow  irrigatimi  in  level  checks, — When,  a  few  years  ago,  it  was 
feared  that  the  ravages  of  the  phylloxera  might  extend  into  the  vine- 
yards of  Fresno  County,  it  was  deemed  advisable  by  some  vineyardists 
to  set  out  all  vines  in  checks  which  could  be  completely  submerged. 
Fortunately  such  submersion,  to  combat  the  phylloxera,  has  never 
become  necessary.  But  the  preparation  of  the  ground  for  flooding  in 
checks  led  to  a  new  method  of  applying  water  to  the  land.  From  a 
supply  ditch,  water  is  admitted  into  a  small  ditch  uix)n  one  side  of  each 
check,  and  from  this  small  ditch  it  enters  deep  horizontal  furrows 
which  have  been  drawn  between  each  two  rows  of  vines.  As  soon  as 
water  has  filled  all  the  furrows  irrigation  is  complete,  and  the  accumu- 
lated water  is  allowed  to  sink  into  the  ground.  Ko  drainage  is  com- 
bined with  this  method  of  applying  water. 

Furrow  irrigation  of  vegetables. ^Where  irrigations  are  to  be  fre- 
quently repeated,  as  in  the  case  of  such  products  as  vegetables,  berries, 
etc.,  each  row  of  plants  is  generally  set  on  a  ridge  a  few  inches  to  a 
foot  in  height.  The  length  of  the  rows  is  varied  according  to  slope  of 
the  ground  in  their  direction.  The  depression  between  each  two  rows 
is  utilized  as  a  furrow,  which  generally  receives  very  little  or  no  fall 
from  end  to  end.  Water  is  supplied  to  one  end  of  a  set  of  such  parallel 
depressions,  and  rises  in  these  to  near  the  height  of  intervening  ridges. 
It  is  generally  allowed  to  soak  into  the  ground  without  drainage. 

Irrigation  by  filling  subsoils  icith  water, — The  success  of  farming  with 
irrigation  in  the  Mussel  Slough  country  has  attracted  particular  atten- 
tion to  this  method  of  irrigation.  As  soon  as  water  was  introduced  in 
the  canal  systems  of  th^se  very  flat  lands  of  the  Kings  Biver  delta,  it 
»B.  17 3 
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was  found  that  spots  qaite  remote  from  the  canals  and  ditches  beci 
moist,  and  that  it  was  not  necessary,  as  in  other  xK>rtions  of  the  val 
to  apply  water  to  the  surface  of  the  ground.  This  wetting  of  the  la 
was  attributed  to  lateral  percolation.  Soils  were  supposed  to  pos£ 
some  peculiar  pro])erty  which  facilitated  the  transmission  of  moist 
horizontally,  and  it  took  a  number  of  years  to  make  clear  to  the  i 
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gators  what  actually  did  take  place.  The  soil  water  of  that  re?* 
before  the  construction  of  irrigation  canals  was  at  10  to  18  feet  bd<> 
the  surface;  now  it  does  not  fall  below  8  feet.  It  is  kept  under  coot* 
by  regulation  of  the  supply  in  the  irrigation  ditches  and  by  a  natar 
subsurface  drainage,  which,  as  indicated  by  the  slope  of  the  grottO" 
water  plane,  may  be  into  Tulare  Lake, 
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Chis  system  of  irrigation  involves  but  little  more  than  the  introdnc- 
D  of  water  into  irrigating  ditches  in  the  spring,  when  the  snpply  is 
fit  abundant  in  river  and  canals.  Irrigating  ditches  for  this  purpose 
i  generally  constructed  about  an  eighth  of  a  mile  apart.  They  are 
ber  permanent  or  only  temporary  features  of  the  irrigatiou  system, 
ey  receive  a  very  light  grade,  in  order  that  they  may  be  maintained 
[,  with  water  flowing  sluggishly. 

7he  water  sinking  from  main  canals  and  distributaries  and  from  the 
gating  ditches  causes  a  general  rise  of  the  ground  waters  to  within 
r  3  feet  of  the  surface.  This  occurs  late  in  April  or  early  in  M^, 
L  as  soon  as  moisture  can  be  detected  in  the  low  spots  of  any  field 
irrigation  for  the  season  is  complete. 

/areful  inquiry  in  the  Kings  Biver  delta  established  the  fact  that 
ore  1870 — that  is,  before  the  construction  of  irrigation  works  in  that 
tion  of  the  valley — the  depth  to  ground  water  was  very  generally 
to  18  feet.  It  approached  to  within  10  feet  only  at  a  few  points 
krest  the  valley  trough.  It  is  now  kept  fluctuating  between  the 
its  already  indicated^  approaching  to  within  2  to  4  feet  of  the  sur- 
e  in  spring  and  then  settling  down  to  about  8  feet  late  in  the  fall, 
rrigation  by  this  method  can  not  be  restricted  to  particular  tracts 
land;  its  benefits  may  extend  far  beyond  any  individual  tract  to  be 
gated,  and  it  has  frequently  happened  that  lands  lying  between 
gated  farms  have  derived  the  full  benefit  of  irrigatiou  without 
tributing  to  its  cost. 

?he  preparation  of  land  for  this  method  of  irrigation  is  inexpensive, 
'  only  necessary  cost  beiug  the  construction  of  the  small  ditches, 
ry  little  attendance  during  irrigation  is  required.  Alfalfa  lands  are 
letimes  prepared  for  flooding  in  order  that  gophers  may  be  killed, 
en  necessary,  by  a  complete  submersion  of  the  cultivated  tracts. 
^he  advantages  already  indicated  for  this  method  of  irrigation  are 
set  by  a  decided  disadvantage.  The  rising  water  brings  to  the  sur- 
e  alkaline  salts,  which  gradually  accumulate  and  may  render  unfit 

cultivation  soils  that  were  originally  entirely  free  from  an  excess 
objectionable  salt^.  Something  has  been  said  on  this  subject  in 
mating  of  irrigation  works  in  the  Mussel  tSlough  country  (see  page  17). 
It  remains  to  be  added  that  the  rise  of  the  water  table  near  Fresno 
s  been  so  pronounced,  as  a  result  of  the  extension  of  the  irrigation 
stems,  that  many  of  the  tracts  which  were  originally  prepared  for 
ligation  by  some  other  method  are  now  so  wet  that  .they  are  in  need 

drainage.  On  many  others  the  application  of  water  to  the  surface 
^ceased. 

Subirrigatianj  or  irrigation  from  subsurface  conduits. — This  method  of 
>plyiDg  water  to  land  has  not  been  so  satisfactory  as  was  hoped,  but, 
^vjng  been  introduced  in  some  localities  on  a  large  scale,  it  should 
H  be  passed  without  notice. 


36  IRRIGATION   NEAR   BAKERSFIELD,    CALIFORNIA.  [n.n 

The  intent  of  this  method  of  irrigation  is  to  supply  a  moderate 
quantity  of  water  directly  to  those  parts  of  the  soil  where  moistaieis 
needed  without  wetting  the  surface  of  the  ground,  Therehy  it  w» 
hoped  to  economize  water,  to  greatly  simplify  its  control  and  distribo- 
tion,  to  cheapen  irrigation,  and  to  avoid  baking  of  soil  and  theneceesily 
of  breaking  up  its  surface  after  each  application  of  water. 

Water  is  distributed  to  all  parts  of  the  land  to  be  irrigated  inc^ent 
pipes,  from  which  it  escapes  through  perforated  plugs  of  wood.  It  is 
admitted  iuto  these  pipes  under  a  low  pressure,  sufficient  to  insaretlie 
escape  of  some  water  even  in  the  highest  parts  of  the  land  to  be 
irrigated.  The  system  is  applicable  only  to  smooth-surfeu^ed  tracts 
having  but  slight  slope. 

The  final  distributing  pipes  are  constructed  by  a  peculiar  machine 
They  are  made  in  place  and  are  continuous.  The  diameter  of  their 
bore  is  2  inches.  At  intervals,  corresponding  to  the  distance  between 
trees  or  vines,  they  are  perforated  from  above,  and  a  wooden  plagwitli 
a  hole  about  one-sixteenth  inch  in  diameter,  lengthwise  through  it,  i^ 
inserted  in  the  perforation.  This  plug  is  protected  by  means  of  ft  bol 
low  cap,  or  earth  guard,  resting  loosely  upon  the  pipe  over  it  The 
pipe  is  placed  20  inches  or  more  below  the  surface  of  the  ground,  so  as 
not  to  interfere  with  plowing,  cultivation,  etc.  Water  is  coadacted 
to  the  2-inch  pipes — which  may  be  laid  between  each  two  rows  if  the 
rows  be  far  apart,  as  in  the  case  of  trees,  or  between  alternate  rows  if 
they  be  close  together,  as  in  the  case  of  vines — ^by  means  of  a  systen 
of  6-inch  and  4inch  pipes,  which  in  turn  receive  water  from  a  nttin 
supply  pipe,  generally  about  8  inches  in  diameter.  At  all  points  wbeie 
the  d-inch  and  6-inch  pipes  branch,  vertical  cylinders,  opened  at  Ae 
top — so-called  hydrants — are  introduced,  by  means  of  which  the  waW 
may  be  shut  off  from  one  line  or  the  other  of  pipe.  This  is  aoooiO' 
plished  by  holding  the  inlet  pipe  higher  in  the  cylinder  than  the 
outgoing  pipe,  and  providing  a  seat  for  a  disk  to  be  inserted  between 
the  two. 

When  water  is  being  supplied  to  any  part  of  a  vineyard  or  orcharfi 
it  will  escape  through  the  plugs  into  the  ground,  and  its  quantity  mn^ 
be  sufficient  to  keep  the  stand  in  the  hydrants  everywhere  above  the 
highest  parts  of  the  2-iuch  pipe  system,  so  that  there  may  be  no  doobt 
that  water  is  escaping  from  every  plug  in  the  tract  under  irrigation* 

Under  favorable  conditions  it  will  cost  about  $50  per  acre  to  prepa^ 
ground  for  irrigation  by  this  method.  The  roots  of  trees  and  pl»»^* 
will,  notwithstanding  every  precaution  to  prevent  it,  find  their  vtf 
into  the  lires  of  pipes  at  exposed  points,  and  may  in  time  serioa^f 
interfere  with  their  successful  use. 

Until  irrigators  are  required  to  be  very  much  more  economical  in  th* 
nse  of  water  for  irrigation  than  at  present,  the  matter  of  expense  alo»* 
will  interfere  with  any  extended  use  of  this  system  of  irrigatiou* 
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KERN  RIVER. 

HYDROGRAPHY. 

)ni  River  is  the  most  soatherly  of  the  large  streams  descending 
the  slopes  of*  the  Sierra  Nevada  into  San  Joaquin  Valley.  It 
tB  throagh  an  outlying  spur  of  the  irtain  range  in  a  deep,  rocky 
3,  which  terminates  abruptly  about  10  miles  east  of  Bakersfleld. 
I  distance  of  18  miles  from  the  canyon  mouth  the  river  flows  west- 
t>etween  high,  gravelly  bluifs,  in  which  the  adjacent  rolling  lands 
mesas  terminat'C.  Occasional  low,  level  tracts  border  it.  From 
een  the  flanking  hills  and  uplands  the  river  emerges  upon  the 
8  of  San  Joaquin  Valley  just  northeast  of  Bakersfield.  Thence 
Qain  stream  has  a  southwesterly  course,  flowing  in  a  shallow  bed 
io  800  feet  wide  nearly  20  miles,  to  a  point  within  a  few  miles  of 
rough  of  the  valley;  thence  southerly  into  Buena  Vista  Lake,  now 
as  a  reservoir  for  irrigation  purposes. 

>ar  after  year  the  sandy  material  eroded  by  the  river  from  its 
itain  watershed  has  been  deposited  in  San  Joaquin  Valley  below 
K>int  at  which  the  river  emerges  upon  the  plain.  New  channels 
)  been  constantly  forming  while  old  ones  were  being  obliterated, 
the  delta  region  thus  built  up  extends  20  to  25  miles  toward  the 
li  and  west,  terminating  in  a  great  semicircle  formed  by  Kern  and 
m  Vista  lakes  and  the  upper  portion  of  Buena  Vista  Swamp.  The 
ral  portion  of  this  delta  is  generally  referred  to  as  Eern  Island, 
flow  of  water  in  many  of  the  delta  channels  is  now  under  control, 
they  are  classed  as  canals. 

Incipal  among  these  delta  channels  are:  South  Fork,  or  Old  South 
:,  which  has  a  southerly  course  from  its  head,  about  2  miles  north- 
of  Bakersfield,  to  its  outfall  into  Kern  Lake;  Old  River,  which  has 
ithwesterly  course  from  its  head,  about  a  mile  and  a  half  west  of 
)rsfield,  toward  a  point  between  Eern  and  Buena  Vista  lakes;  and 
la  Vista  Canal  Slough,  also  flowing  southwesterly,  which  leaves 
lew  channel  of  Eern  River  about  2  miles  below  the  head  of  Old 
r.  Of  these  channels  South  Fork  was  the  main  channel  of  the 
'  until  1862.  Old  River  then  became  the  main  water  way,  and 
Aned  so  until  New  River  was  formed  by  the  freshets  of  1867-08. 
iTu  River  enters  San  Joaquin  Valley  with  a  total  mountain  drainage 
of  2,345  square  miles.  By  far  the  greatest  portion  of  the  region 
led  lies  in  the  high  Sierra  IN^evada.  '  Precipitation  in  the  highest 
ions  of  the  river's  drainage  basin  is  generally  in  the  form  of  snow, 
an  occasional  heavy  rain  falling  on  large  deposits  of  snow  causes 
t  freshets,  generally  early  in  the  spring.  Ordinarily  the  river  is 
low  stage  from  September  to  January,  inclusive.  It  is  at  a  high 
B  from  April  to  July,  and  at  a  medium  stage  in  February  and 
2h,  and  in  August. 
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The  discbarge  of  the  river  has  been  estimated  by  the  State  engineer- 
ing department  for  the  six  years  1878  to  1884.  According  to  the  leenlts 
of  this  estimate,  which  is  based  on  many  measurements  and  an  imper- 
fect record  of  rise  and  i^U  of  the  river,  the  average  amoant  of  water 
supplied  by  Kern  River  was  abont  430  second-feet  for  the  months 
November  to  January  (inclasive);  800  second-feet  for  Febroaiy  t» 
April;  2,450  second-feet  fbr  May  to  Jnly;  and  570  second-feet  for 
An^st  to  October.  The  average  aunnal  flow  of  the  river  tea  tbii 
period  was  rated  at  1,110  second-feet,'  The  discbarge  of  theriveru 
here  noted-  refers  to  the  State  engineering  department  gaging  stab'oa, 
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about  3  miles  below  the  point  where  the  river  breaks  from  its  monnlni"^ 
gorge  and  enters  upon  its  conrse  across  porous  alluvial  deposits. 

Measurements  made  by  Mr.  A.  K.  Warren,  under  the  direction  of  I''' 
Walter  James,  chief  engineer  of  the  Kern  County  Land  Compuyr 
show  the  facts  indicated  in  the  following  table  and  accompanying  dii- 
gram  in  regard  to  the  discharge  of  K^q  Itiver  for  the  four  years  fiv* 
1894  to  1897.* 


■See  Fhysli-al  Data  mi  Slattatici  of  Caliromla,  cnll«lHl  uiil  canplled  bj- 
Department  of  CkUTorDitt,  SkcnunenU).  18BH,  pp.  110, 170-473.  tTe-177. 

>BiiU.U.8  GeoLSnTveyKo-MO,  IBM,  pp.  297 -274.    Far  further  li 
Kini  KlvernFF  Twelfth  Ann.  RepcCS-GsDl. Sarrey.Purt II.  18SI,p.31S, 
Sarrv  So.  ISl,  im,  p.  7S|  ElgbMenth  Ann.  Bcpt.U.  S.  OeoL  SdTtw,  Par*  IV, 
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fiimaied  monthly  discharge  of  Kem  Biver  at  Bakerefield,  California. 

[Draina^^e  area,  2,345  square  mileB.] 


Discharge. 

Total. 

Ran-off. 

Month. 

Jlrlaximuin. 

MiQimnm. 

Mean. 

Depth. 

Per 

aqnare 

mile. 

1803. 

Seeond/eet. 
554 
550 

500 

• 

741 

1,114 

1,443 

1,802 

2, 208 

1,710 

1,061 

540 

382 

363 

268 

805 

Seeond/est. 
517 
467 
430 

762 
604 
762 
1,200 
1,228 
871 
400 
256 
172 
224 
2:J0 
234 

See.-feet. 
534 
518 
516 

661 

717 

1,001 

1,406 

1,607 

1,085 

700 

335 

248 

270 

244 

470 

Acre-/e4t, 

32,861 
30,827 
31,767 

40,644 
30,817 
61.641 
88,052 
08,708 
64,667 
43,036 
20,565 
14,756 
17, 178 
14,500 
28,008 

Inches. 
0.26 
.24 
.26 

.32 
.32 
.65 
.71 
.79 
.61 
.34 
.16 
.12 
.14 
.11 
.23 

S4e.-/eet. 
0.23 

.22 

.22 

1894. 

28 

.30 

.43 

.64 

.69 

.46 

.30 

.14 

.11 

.12 

.10 

.20 

nni -  r-T 

2.208 

172 

737 

533,252 

4.40 

.31 

1895. 

1.616 

4,762 

3,004 

3,807 

5,381 

3,721 

2,063 

1,073 

676 

612 

436 

447 

473 

675 

987 

1,011 

3,100 

2,174 

867 

354 

200 

276 

308 

368 

800 

1,252 

1,374 

2,724 

4,360 

2,006 

1,482 

620 

344 

827 

346 

403 

40,762 

60,536 

84,437 

162,076 

268.608 

172,010 

01,113 

38,665 

20,460 

20,106 

20  588 

24.770 

.40 

.65 

.67 

1.29 

2.14 

1.37 

.73 

.31 

.17 

.16 

.17 

.20 

34 

.63 

.59 

1.16 

1.86 

1.24 

.63 

, 

.27 

'     .16 

.14 

9.15 

.17 

nm .,,,,., ,,,,,,.,,^. 

6,384 

276 

1,413 

1, 023, 058 

8.16 

.60 

1896. 

3,101 

708 

2.080 

1.262 

3,370 

3.611 

2,210 

741 

473 

425 

416 

426 

377 
560 
652 
766 
o:{4 

1,244 
741 
353 
234 
223 
288 
313 

747 

617 

051 

072 

1.401 

2,476 

1,346 

486 

304 

267 

355 

347 

46.031 
35,480 
58,475 
57, 838 
86, 144 
146. 142 
82.762 
29,883 
18,080 
16,  417 
21,124 
21. 336 

.37 
.28 
.47 
.46 
.60 
1.17 
.66 
.24 
.14 
.13 
.17 
.17 

.32 

.26 

.41 

.41 

.60 

1.05 

.57 

.21 

.13 

.11 

.16 

.16 

im.  ................. 

3,611 

223 

a54 

610,630 

4.95 

.36 

1897. 

832 

2,306 

2,044 

4,410 

5,342 

4,352 

1,536 

671 

363 

441 

447 

1,023 

350 

516 

688 

1,004 

4,054 

1,289 

644 

338 

260 

278 

280 

327 

373 

800 

023 

2.014 

4,  580 

2,308 

1,006 

460 

295 

340 

355 

422 

22,035 

44,0:i0 

56,753 

173,305 

281,  613 

137, 305 

61,857 

28,  838 

17,554 

20,006 

21,124 

25.048 

.18 

.36 

.45 

1.38 

2.25 

1.09 

.40 

.23 

.14 

.17 

.17 

.21 

.16 

.35 

.39 

1.24 

1.05 

.98 

.43 

.20 

.13 

.15 

.15 

.18 

im.......  ..•■••..•.• 

5,342 

260 

1,234 

803, 248 

7.12 

.53 

dmnm  discharge,  May,  2,208  secoDd-feet ;  minimum  discharge,  September, 
Teeti  average  for  the  year,  737  second-feet. 
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1S9d.  Maxinam,    H»;,  6,384    aecond-fiBet;   mlnlmom.    October,    376    Mmnd-feet; 
ftverage  for  the  y«*r,  l.ilS  Mcoad-f«et. 

1896.  Mkximain,  Jane,  3,611  MCODd-feet;  minlmnio,  October,  223  aoi-iiD(l-r««t; 
average  for  the  .rear,  8&i  Moond-feet. 

1897.  Maximum,  Ha^,  5,312  seoond-flMt;  miolmam,  Septefober,  280  Micond-fwti 
average  for  the  year,  1,231  Mcond-feet. 

The  gaging  stetioa  of  the  State  engineering  department  was  located 
on  the  Kio  Bravo  Ranch,  aboat  3  milee  below  tbe  termination  of  tlie 
river's  granite  canjon,  a  ebort  diBtaoce  below  the  point  n'bere  in  IS79 
the  material  of  wbicb  the  river  bed  was  composed  changed  in  character 
ttotb  bowlders  and  cobbles  to  gravel  and  sand.  Tbe  several  measure- 
ments made  sabsequent  to  that  time,  and  until  the  close  of  the  work  of 
tbe  State  engineering  department,  showed  a  gradual  erosion  of  tbe  river 
bed,  resulting  in  a  downstream  movement  of  the  upper  end  of  the  gravel 
and  sand  bars,  which  led  to  inqairy  concerning  conditions  in  precediog 
years  and  to  the  conluHions  that  a  few  years  subsequent  to  tbe  gmt 
fresbetof  1861-62  the  Band  and  gravel  bars  were  at  a  much  higher  level 
than  in  1879;  that  erosion  had  coutinaed  ftom  year  to  year,  tboagb  st 
a  somewhat  irregular  rat«,  nntil  1884  and  whs  then  still  in  progresA; 
that  the  aggregate  erosion  during  the  five  years  covered  by  observa- 
tions was  6.3  feet,  and  that  at  some  time  preceding  the  freshet  of 
1861-62  the  river  bad  for  a  long  period  occupied  a  bed  fully  as  low  u 
that  of  1SS3.  A  row  of  trees  planted  at  the  water's  edge  at  a  mean 
stage  of  tbe  river  about  1868,  and  now  well  above  the  reach  of  the 
water,  has  been  pointed  to  as  evidence  of  a  former  higher  position  of 
tbe  river  bed.  On  the  other  baud,  deep,  well-voni  depressions  made 
by  tbe  Indians  in  grinding  food  matoriala  in  tbe  tops  of  great  granite 
bowlders,  barely  projecting  above  tbe  low-wator  stage  of  tbe  river  in 
1883,  gave  evidence  of  a  preceding  protritcted  low  position  of  tbe  river 
bed.  It  seems  reasonable  to  expect,  therefore,  that  other  great  freshets 
may  again  temporarily  fill  tbe  river  bed  with  sand  and  gravel,  and 
that  ill  years  of  ordinary  flow,  such  as  the  entire  series  of  seasons 
since  1867-68,  the  river  will  have  a  tendency  to  continue  its  erosive 
action. 

Dne  allowance  for  the  changes  in  actual  elevation  of  the  river  bot- 
tom were,  of  conrse,  made  in  interpreting  results  at  the  gaging  station. 

Tbe  original  coarse  of  Kern  liiver  waters,  westerly  and  southerly 
across  its  delta,  widely  dispersed  in  numerous  channels,  has  by  natural 
agencies,  aided  by  the  operations  of  man,  been  modified  to  the  extent 
that  now  at  high  stages  all  water  in  excess  of  tbe  capacity  of  the 
irrigating  ditches  and  canals  is  kept  under  reasonable  control  in  one 
main  channel  having  a  direct  southwesterly  course  toward  Bnena  Vista 
Lake. 

Bnena  Yista  Lake  has  been  shut  off  at  tbe  east  from  its  connection 
with  Kern  Lake  by  means  of  a  high  levee,  which  has  a  nortb-sontb 
course,  following  tbe  line  between  Us.  25  and  26  E.  for  a  distauteot 
over  5  miles. 
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Thus  Kern  River  water  is  prevented  from  reaching  Kern  Lake,  the 
bed  of  which  is  now  dry,  arable  laud,  aud  Buena  Yista  Lake  is  con- 
verted into  a  large  reservoir,  the  capacity  of  which  is  said  to  be  about 
150,000  acre- feet.  From  the  northwestern  margin  of  Buena  Vista  Lake 
an  outlet  canal  leads  into  Buena  Yista  Slough  and  thence  to  canals 
proper  of  the  Kern  Valley  Water  Company,  of  which  the  westernmost 
one,  located  near  the  western  margin  of  Buena  Vista  Swamp,  has  been 
planned  large  enough  to  afford  passage  for  the  outflow  waters  from  the 
lake  when  the  reservoir  is  full  and  the  river  is  high.  This  canal,  there- 
fore, for  a  long  distance  takes  the  place  of  Buena  Vista  Swamp,  which 
'  lyas  the  original  water  way,  conducting  the  outflow  from  Buena  Vista 
Lake  into  Tulare  Lake.  The  three  lakes  which  have  been  or  are  the 
recipients  of  water  from  Kern  Eiver  are  very  flat  depressions,  without 
well-defined  banks.  The  beds  of  Kern  aud  Buena  Vista  lakes  are  at 
an  elevation  of  about  285  feet  above  sea  level;  the  bed  of  Tulare  Lake 
is  at  an  elevation  of  about  175  feet.  The  area  covered  by  Kern  and 
Buena  Vista  lakes  combined  (before  the  spread  of  water  was  restricted 
artificially)  was  about  80  square  miles  when  the  lakes  were  full,  at 
which  stage  the  maximum  depth  of  water  in  either  did  not  probably 
exceed  14  feet.  The  area  of  Tulare  Lake  fluctuates  between  195  and 
760  square  miles,  but  the  lake  water  has  not  spread  to  the  extreme  limit 
of  the  full  lake  since  1868. 

The  lands  of  the  east  side  of  the  San  Joaquin  Valley  plain,  com- 
manded by  the  Kern  Biver  canals,  are  very  smooth  surfaced.  Those 
«f  the  river  delta  slope  uniformly  toward  the  west  and  south  at  the 
xate  of  6  to  7  feet  to  the  mile.  The  only  surface  inequalities  on  Kern 
Hsland  are  due  to  the  land-building  tCTidency  of  the  river,  which  has 
left  broad,  lo.w  ridges  of  sand  to  mark  the  alignment  of  channels  of 
former  epochs  in  its  history.  On  the  north  side  of  Kern  Eiver  the  delta 
lands  merge  almost  imperceptibly  into  the  granitic  sandy  lands  of  the 
general  valley  plain,  and  the  gentle  westerly  slope  from  the  base  of 
t}he  foothills  of  the  Sierra  Nevada  is  almost  unbroken  to  Buena  Vista 
Swamp. 

SOILS   AND   RAINFALL. 

Near  the  base  of  the  foothill  belt,  northward  as  well  as  southward 
&om  the  river,  the  soil  is  a  coarse  granitic  sandy  loam,  showing  an 
occasional  growth  of  cactus,  and  rather  forbidding  in  appearance,  yet 
Very  productive  with  water.  To  the  southeast  of  Kern  Lake  a  large 
area  of  fine  sandy  loam,  known  as  the  Weed  Patch,  marks  the  sink  of 
Caliente  Creek.  The  soils  of  the  eastern  portion  of  Kern  Eiver  delta 
are  generally  loams,  ranging  from  those  rich  in  clay  to  soils  of  a  peaty 
character  and  to  soils  of  almost  pure  sand.  Different  kiiids  of  soil  are 
here  frequently  found  close  together,  and  it  is  often  remarked  that 
probably  no  single  square  mile  of  land  could  be  found  whose  soil  would 
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not  have  to  be  pat  into  several  clasaes.  Toward  the  south  and  west 
on  Kern  Island  the  soil  becomes  heavier,  and  near  the  high-water  lineof 
the  lakes  it  is  strongly  impregnated  with  alkali.  It  has  a  peaty  char- 
acter in  the  swamp-land  areas  ac^acent  to  the  lakes,  also  northwestward 
from  Baena  Vista  Lake  throughout  the  broad  tract  known  as  Buena 
Vista  Swamp,  which  extends  abont  40  miles  northwesterly  toward 
Tulare  Lake.  These  swamp  lands  were  originally  covered  with  a  dense 
growth  of  reeds— ^^  tules."  Their  soil  is  generally  a  light  black  vege- 
table loam  or  mold,  underlain  by  a  dark-colored  clay.  Eastward  from/ 
these  swamp  lands,  which  mark  the  trough  of  San  Joaquin  Valley,  is  a 
long  parallel  strip  of  alkali  land  of  inferior  quality,  which  lies  to  t^ts 
west  of  a  narrow  strip  of  fertile  land  flanking  the  Goose  Lake  Slough 
channel.  Farther  eastward  are  the  sandy  loams  and  coarse  granitic 
soils  of  the  main  east-side  plain.  These  generally  have  a  substratum 
of  dry,  ilne  yellow  clay,  sometimes  of  sufficient  hardness  to  be  called 
hardpan.    This  is  usually  found  at  a  depth  of  3  or  4  feet. 

The  southern  or  upper  end  of  San  Joaquin  Valley,  in  which  lie  the 
lands  commanded  by  the  Kern  Eiver  waters,  is  a  region  of  very  light 
rainfall.  The  annual  average  fall  is  about  5  inches.  Profitable  cultiva- 
tion of  the  soil  without  the  aid  of  other  water  to  supplement  the  scant 
rainfall  is  not  possible. 

Kern  River  water  is  used  to  a  small  extent  for  irrigation  in  the 
valley  of  South  Fork  far  up  in  the  mountains,  also  for  the  irrigation  of 
relatively  small  areas  of  bank  and  mesa  lands  within  the  foothill  sec- 
tion of  the  river's  course;  but  the  region  of  principal  use  is  the  river 
delta  and  a  broad  expanse  of  country  extending  far  northward  from 
the  river  and  lying  below  the  base  line  of  the  foothills. 

CANALS  AND  DITCHES. 

Rio  Bravo  Ranch  canals, — Kern  River  crosses  the  foothill  belt  in  a 
valley,  generally  one-half  mile  to  a  mile  in  width,  with  occasional 
strips  of  bottom  land  on  one  bank  or  the  other.  These  are  frequently 
backed  by  higher  terraces  or  mesas  with  rich,  black  loamy  soil,  beyond 
which  the  hills  rise  in  irregular  disconnected  ranges.  The  Rio  Bravo 
Ranch  lies  just  below  the  point  where  the  river  breaks  out  of  its  canyon. 
Several  small  ditches  have  here  been  built  for  local  irrigation.  A  water- 
wbeel  was  first  made  use  of.  It  was  constructed  in  1879  by  Mr.  John 
Barker,  and  was  intended  to  lift  water  28  feet.  The  wheel  is  reported 
to  have  delivered  the  quantity  of  water  expected,  but  the  land  required 
more  than  was  anticipated;  consequently  the  wheel  was  soon  abandoned 
as  a  source  of  supply,  and  a  direct  diversion  into  a  ditch  constructed 
along  the  base  of  a  high  bluif  on  the  south  side  of  the  river  was 
resorted  to.  The  river,  however,  for  a  series  of  years  was  there  deep- 
ening its  channel,  rendering  necessary  frequent  extensions  of  the  head 
of  the  ditch  upstream,  and  making  ditch  maintenance  expensive.  Its 
cost  has  probably  been  somewhat  in  excess  of  $3y000. 
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>  irrigate  lands  on  the  north  side  of  Kern  River,  in  the  same  locality, 
Pierce  &  Barker  Ditch  has  been  constracted.  It  came  into  use 
ral  years  after  the  Barker  Ditch  on  the  south  side  of  the  river. 

ditch  lies  at  the  base  of  the  north-side  hills,  and  for  some  distance 
it  into  an  almost  vertical  blnft*.  There  is  also  a  ^'  Pierce  &  Bar- 
'  ditch  on  the  south  side  of  Kern  Eiver,  but  its  source  of  supply  is 
onwood  Greek,  a  tributary  of  the  river,  from  which  diversion 
ade  near  Its  confluence  with  the  main  stream.  This  ditch  has  a 
th  of  4.}  miles.  It  was  constructed  in  1885.  All  of  these  ditches 
small  and  for  private  use  only, 
aother  small  ditch  just  below  the  Eio  Bravo  Banch  on  the  north 

of  the  river  is  the  Barker  &  Wilson  Ditch,  constructed  about 
,  which  commands  a  narrow  strip  of  land  along  the  northern  bank 
le  stream. 

le  principal  crop  cultivated  by  irrigation  from  these  ditches  in  the 
[lill  section  of  the  river  is  alfalfa. 

ern  Island  Canal. — As  early  as  1864,  when  ther^  were  but  a  few 
:e  families  in  the  vicinity  of  Bakersfield,  Colonel  Baker  constructed 
7ee  northeasterly  from  the  present  town  site  and  placed  a  gate  in 
delta  channel  known  as  South  Fork,  at  the  point  where  this  chan- 
was  crossed  by  the  river  levee.  Subsequent  freshets  tilled  the 
roaches  to  Panama  Slough  and  to  South  Fork  with  sand,  and  the 
T  cut  out  a  new  channel  farther  to  the  north  and  west.  The  settlers 
^  had  already  become  dependent  upon  the  older  water  courses  as 
rces  of  water  supply  for  irrigation  and  for  stock,  at  once  made 
inized  efforts  to  reopen  the  head  of  South  Fork,  but  with  indifferent 

MB. 

1 1869  Messrs.  H.  P.  Livermore  and  Julius  Chester,  having  deter- 
ed  that  an  artificial  channel  was  necessary  to  replace  the  upper 
ion  of  South  Fork,  constructed  a  ditch  25  feet  wide,  the  head  of 
^h  was  a  short  distance  above  the  present  head  gate  of  the  Kern 
tid  Canal.  This  ditch  wa§  carried  along  the  base  of  the  hills  on  the 
h  bank  of  Kern  Eiver  and  terminated  in  South  Fork  a  short  dis- 
e  below  its  original  head. 

b  the  same  time  a  number  of  Mexican  settlers  made  a  diversion  of 
^r  from  South  Fork  in  a  southerly  direction,  commencing  at  a  point 
It  a  mile  below  the  head  of  that  channel.  The  ditch  constructed 
bem  is  known  as  the  "  Arujo"  Ditch,  and  its  lower  portion  is  still 
!«e  as  a  branch  of  the  Kern  Island  Canal.  This  small  ditch  seems 
^ve  suggested  the  idea  of  the  Kern  Island  Canal,  for  the  construc- 
of  which  a  company  was  organized  in  1870.  It  was  proposed  to 
B  in  one  system  the  entire  delta  area  of  the  river  known  as  Kern 
^dj  as  well  as  a  broad  belt  of  higher  land  lying  to  the  east  of  the 
Si.  A  combination  was  effected  with  the  owners  of  the  swamp 
^B  of  tliis  region,  which  had  recently  been  sold  by  the  State,  con- 
>iied  upon  reclamation,  whereby  the  new  canal  company  became 
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the  successor  in  interest  of  the  reclamation  district  that  had  already 
heen  formed.    The  canal  company  was  therefore  formed  with  the 
avowed  purpose  of  protecting  from  overflow  and  of  supplying  with 
water  for  agricultural,  domestic,  and  manufaccuriDg  purposes  a  terri- 
tory of  about  120,000  acres.    The  Kern  Island  Canal  Company  acquired 
the  ditch  and  water  rights  of  Messrs.  Livermore  and  Ghester,  as  well 
as  some  of  the  other  private  rights  vested  or  supposed  to  be  vested  in 
some  of  the  settlers  on  South  Fork.    The  construction  of  the  ^^Miir 
section  of  the  Kern  Island  Canal  was  at  once  commenced,  and  extended 
southward  about  2  miles,  part  of  the  distance  following  the  alignment 
of  the  Arujo  Ditch.    Above  this  section  of  the  canal  the  South  Fork 
channel  was  enlarged,  and  some  systematic  effort  was  made  to  keep 
up  the  supply  of  water  from  the  river.    For  the  settlers  on  South 
Fork,  who  had  not  transferred  their  rights  to  the  canal  company, 
water  was  turned  down  that  channel  free  of  expense.    About  1877  the 
upper  portion  of  the  South  Fork  channel  was  entirely  abandoned, 
being  replaced  by  a  canal  at  higher  level — an  extension  of  the  Liver- 
more  Chester  Ditch,  located  between  the  old  water  way  and  the  base 
of  the  bluff  south  of  the  river.    This  new  canal  section  was  extended 
to  the  head  of  the  ^^Mill"  sexition,  where  water  was  dropped  about  6 
feet  to  the  original  level  of  that  canal  branch.    Meanwhile  the  various 
branches  of  the  Kern  Island  Canal  had  been  extended  southward  as 
demand  for  water  increased,  and  had  reached  the  vicinity  of  Kern 
Lake.    In  1875  the  Kern  Island  Canal  Company  was  granted  Iran- 
chises  for  the  distribution  of  water  in  Bakersfield,  where  actual  delivery 
of  water  through  its  ditch  system  commenced  in  May,  1875. 

At  the  time  of  the  formation  of  the  Kern  Island  Canal  Company  the 
swamp  lands  to  be  protected  by  it  against  inundation  were  already 
considered  safe,  their  reclamation  in  the  sense  of  preventing  overflow 
being  regarded  as  complete.  It  was  claimed,  however,  that  the  State 
had  no  right  to  appropriate  the  money  to  the  credit  of  this  laud  in  the 
swamp-land  fund  to  any  other  pur{K>se  than  its  reclamation,  and  that 
reclamation  should  be  construed  to  mean  the  making  of  the  land  pro- 
ductive. The  canal  company  therefore  demanded  and  received  from 
the  State  the  money  to  the  credit  of  the  lands  in  question  as  a  contri- 
bution toward  the  cost  of  the  irrigation  system.  The  amount  of  money 
thus  contributed  by  the  State  was  between  $12,000  and  $14,000. 

The  method  of  constructing  the  main  branch  of  the  Kern  Island 
Canal,  which  extends  from  a  point  on  South  Fork  about  a  mile  south  of 
Bakersfield  southerly  to  Kern  Lake,  is  not  without  interest.  A  5-foot 
plow  drawn  by  40  yoke  of  oxen  was  used  in  breaking  ground  for 
this  canal.  The  loosened  earth  was  then  spread  to  right  and  left  by 
means  of  a  V-sbaped  scraper,  also  of  monstrous  proportions,  being 
some  30  feet  long  and  12  to  15  feet  wide.  As  soon  as  sufficient  water 
way  was  thus  created  to  afford  some  erosive  effect,  water  was  turned 
into  the  partial  excavation  and  it  rapidly  cut  out  an  ample  water  way. 


CANAL  REGULATOR  AND  WASTE  GATE. 
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rhe  excessive  gi^^f  6  to  7  feet  to  the  mile,  of  the  finished  canal  soon 
;aased  the  erosion  to  extend  beyond  desirable  limits  and  threatened 
lisastroas  results  by  persistent  encroachment  on  the  canal  banks.  It 
herefore  became  necessary  to  reduce  the  gradieiiX  of  the  canal  by 
neans  of  check  weirs  or  drops  (as  shown  in  PI.  X,  A),  which  were 
)laced  one-half  mile  apart.  These  check  weirs  were  constructed 
according  to  designs  proposed  by  Mr.  F.  II.  Col  ton,  at  that  time  super* 
nteudent  in  charge  of  the  canal,  and  although  very  simple  in  arrange- 
nent,  they  proved  to  be  efficient  and  satisfactory.  Weir  boards, 
generally  of  1  inch  material,  werQ  supported  by  inclined  rafters,  usually 
I  by  6  inches.  The  rafters  were  placed  at  such  angle,  preferably 
Matter  than  45^,  as  would  best  fit  the  spacing  of  the  vertical  posts 
supporting  the  sides  of  the  weir  box.  The  rafters  transmitted  water 
pressure  by  means  of  inclined  supports,  4  inches  square,  to  the  floor 
timbers.  The  rafters  were  toed  into  the  sill  at  the  upper  edge  of  the 
floQr  of  the  weir  box.  The  floor  itself  was  constructed  of  1-inch 
[Material  nailed  to  sills  of  4  by  6  inch  timber,  4  feet  apart,  which  in 
!^iim  rested  upon  mud  sills,  also  about  4  feet  apart.  The  floor  of  the 
v'eir  box  was  placed  1^  feet  below  the  downstream- grade  height  of  the 
^nal  bottom,  and  light  sheeting  was  driven  along  the  upper  and  lower 
dges  of  the  floor  to  depths  varying,  according  to  character  of  soil, 
ct>Qi  1^  to  4  feet.  Wings  were  carried  into  the  canal  banks  at  right 
Dgrles  to  the  direction  of  the  canal.  They  were  supported  in  part  by 
pright  posts,  in  part  by  timbers  across  the  top  of  the  structure,  which 
t  lx>th  ends  were  allowed  to  project  well  into  the  bank.'  The  length 
f'  "the  wings  varied  according  to  depth  of  canal.  Weir  boards  were 
^i^manently  nailed  to  the  rafters  to  the  height  of  the  grade  of  canal 
attorn  above  the  structure.  All  other  weir  boards  were  loose  and 
^uld  readily  be  moved  by  hand.    Spaces  between  rafters  were  usually 

feet.  A  plank  across  the  structure,  supported  by  the  ends  of  the 
^fttos,  made  a  convenient  footbridge  and  afforded  access  to  the  sev- 
^l  sections  of  the  weir.  The  cost  of  these  check  weirs  on  the  Kern 
^land  Canal  is  reported  to  have  been  about  $200  each. 

^he  canal  head  gate  is  constructed  on  substantially  the  sa\ne  plan. 
^  bas  a  clear  width  of  48  feet.  A  waste  gate  has  been  placed  in  the 
^ht  bank  of  the  canal  just  above  the  head  gate. 

^be  diversion  of  water  from  the  river  into  the  canal  is  accomplished 
y  un  inexpensive  extension  of  the  right-bank  canal  levee  upstream 
^^  nearly  half  a  mile,  and  its  projection  in  the  form  of  a  very  low  sand- 
^<l<bru8h  dam  diagonally  across  the  southern  portion  of  the  very  flat, 
^OcLy  river  bed. 

^he  aggregate  cost  of  the  Kern  Island  canal  system  has  been  about 
200,000. 

The  canal  has  a  right  to  300  second-feet  of  water,  conceded  to  it  by 
^Parian  owners,  and  taking  precedence  over  all  other  diversions.  Its 
opacity  is  reported  to  be  500  secoud-feet. 
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Old  South  Fork, — Ttae  delta  strenm  of  Kem  River  koowu  m  South 
Fork  supplied  water  to  a  few  settleru  some  years  before  the  oonettiu- 
tiuii  of  tbe  Keru  Island  Caual  was  ttioiigltt  of.  Wheu  Colonel  Baktr, 
in  1864,  undertook  the  construction  of  a  levee  for  ]>rotection  agaiiut 
overdow,  a  gate  wa»  put  into  the  Soutb  Fork  channel  for  the  oontrol  of 
its  dow  of  water.  The  freshets  of  1867-68,  which  prodaoed  nurteil 
changes  in  the  character  and  alignment  of  the  main  channel  of  Kn 
Biver,  filled  the  head  of  South  Fork  with  sand.  Organized  effort  TO 
necessary  to  reestablish  a  connection  of  the  npper  eud  of  the  South 
Fork  channel  with  the  river.  It  is  reported  that  from  thirty  to  foftf 
persons  contribnted  time  and  labor  to  this  work,  the  resnlt  of  wbieli 
was  not,  however,  entirely  satisfactory.  The  river  channel  hxd  been 
deepened;  the  new  cut  to  the  river  was  nearly  half  a  mite  below  tit 
original  head  of  South  Fork,  and  great  difficulty  was  experienced  in 


maintaining  an  artificial  barrier  at  the  head  of  the  new  channel  to  tun 
river  water  into  it.  This  diflicnity  led  to  the  construction  of  the  lirc- 
more-Chester  Ditch,  as  already  explained,  and  for  a  number  ofjtta 
the  snpply  of  water  to  SoathFork  was  through  this  ditoh.  AbontlSft 
tbe  use  of  the  npper  portions  of  South  Fork  was  abandoned  byfti 
Kem  Island  Caual  Company,  and  the  delivery  of  water  by  thisoompUJ 
to  the  irrifEatnrs  from  South  Fork  ceased.  The  users  of  water  flro* 
South  Fork  and  from  Fiinama  Slough  resumed  control  of  its  bew 
works,  and  have  since  maintiiined  this  channel  as  an  independent tiri; 
gation  ditch.  A  new  connection  with  the  river  was  established  d* 
the  original  head  of  South  Fork,  and  with  more  or  less  trouble  it  h* 
been  kept  in  eSQcient  service.  The  maniL^ment  was  almost  witbo*' 
system,  and  corporate  organization  of  the  owners  was  not  effisc** 
ODtillSSo. 


CHECK  WeiR  OR  DROP  ON  «E«N  ISLAND  CAMAU 


B.     KERN  RIVER  *T  HEAD  Of  SOUTH 
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Throngh  the  npper  portion  of  South  Fork  water  can  be  snpplied 
9  the  lower  levels  of  the  Kern  Island  Canal ;  Panama  Slough  is  fed 
rith  water  from  South  Fork,  and  as  the  lower  portion  of  Panama 
lough  is  used  as  a  water  way  by  the  Farmers'  Canal,  there  is  such 
iterdependence  between  these  several  canals,  complicated  by  the  fact 
tiat  many  irrigators  hold  rights  to  water  fropi  two  or  more  of  them, 
[lat  segregation  of  areas  dependent  upon  any  one  of  them  is  out  of  the 
aestion. 

The  principal  distributaries  of  South  Fork  water  are  the  Jewett 
>itch,  the  Cotton  Ranch  Ditch,  and  smaller  ditches  of  landowners  in 
he  immediate  vicinity  of  Bakersfield.  The  capacity  of  South  Fork  is 
:eiierally  stated  at  50  to  75  second  feet,  and  the  amount  annually 
xpended  for  maintenance  is  about  $1,250.  The  first  cost  of  the  irriga- 
lon  works  can  be  stated  only  approximately.  It  is  likely  that  $3,000 
o  $4,000  have  been  expended  on  construction  work. 

Farmers  Canal. — In  1873  a  canal  about  50  feet  wide  and  3  feet  deep 
ras  excavated  from  a  point  on  the  south  bank  of  Kern  Eiver  just  above 
lie  Southern  Pacific  Bailro^,  in  a  southeasterly  direction,  to  a  con- 
L^ction  with  a  natural  channel  known  as  Cotton  Ranch  Slough  or 
^kyles  Slough.  This  canal  is  known  as  the  Farmers  Canal.  Its  water, 
[elivered  into  Cotton  Ranch  Slough,  flows  therein  1^  miles  to  Panama 
Plough,  and  is  distributed  by  a  number  of  small  branch  ditches 
liTOQghout  the  central  and  southern  portions  of  Kern  Island.  The 
anal  proper  is  only  about  a  mile  in  length.  It  has  recently  become 
t^  considerable  importance  as  a  source  of  supply  for  the  Stine  and 
^-uderson  canals,  which  formerly  received  their  full  supply  directly 
K*om  Kern  River  at  the  head  of  Old  River,  about  3  miles  west  of 
^^kersfield. 

In  1880  Messrs.  Celsus  Brower  and  Walter  James  estimated  the  total 
'OBtof  construction  of  this  canal  and  its  branches  at  $18,800. 

J^anama  Slough, — ^Panama  Slough  hardly  deserves  separate  enumera- 
^on  among  the  irrigation  works  from  Kern  River,  because  it  is  now 
'Applied  with  water  through  the  head  of  South  Fork.  It  was,  how- 
ever, in  use  as  an  independent  source  of  supply  before  permanent 
^tinection  between  it  and  the  South  Fork  channel  was  established  by 
JiQ  freshets  of  1867-68.  Irrigators  dependent  upon  the  flow  of  water 
'^  Panama  Slough  united  with  those  on  South  Fork  in  1868,  when  it 
^^came  necessary  to  reestablish  a  connection  of  these  streams  with  the 
•^^in  channel  of  the  river.  All  of  that  portion  of  Panama  Slough 
^low  Bakersfield  is  used  jointly  by  the  irrigators  who  depend  upon 
t*^  Farmers  Canal  for  their  supply  and  by  those  who  hold  rights  as 
*^iginal  users  of  water  from  the  slough  itself. 

Ihe  principal  distributary  of  the  Panama  Slough  water  is  the  Panama 
^itch,  the  cost  of  which  Mr.  Celsus  Brower  in  1880  reported  as  having 
^^obably  exceeded  $6,000.  The  main  distributing  ditch  and  branches 
^^e  then  reported  to  have  an  aggregate  length  of  8  miles.  Its  width 
^^  given  as  10  feet  and  its  depth  of  channel  as  2  feet. 
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Oastro  Ditch. — A  comparatively  nnimportant  irrigation  ditch  which 
for  many  years  diverted  water  from  the  soath  banks  of  Kern  River  at 
the  head  of  Old  Biver  is  known  as  the  ^* Castro''  or  ^^ Mexican^  Ditch. 
It  is  reported  to  have  been  in  use  as  early  as  1859,  at  that  time  supply- 
ing water  to  the  lands  of  a  few  Mexican  settlers.  This  ditch  is  aboat 
16  feet  wide^  2  feet  deep  at  its  head,  and  abont  5  miles  long.  ItB 
capacity  is  geaerally  rated  at  about  15  to  20  second-feet,  and  there  may 
have  been  expended  upon  it  from  $2,000  to  $3,000.  The  head  works 
of  the  canal,  or  rather  the  point  of  diversion  from  the  river,  has  within 
the  last  few  years  been  extended  upstream  about  a  quarter  of  a  mile 
from  the  original  intake. 

Fisher  &  Ahley  Ditch, — About  1869  a  small  ditch  known  as  the 
Fisher  &  Abley  Ditch  was  construct'Hl,  paralleling  the  Oastro  Ditch, 
and  delivering  water  into  Eeeder  Slough,  thence  into  Panama  Sloagh, 
from  which  it  was  again  diverted,  a  few  miles  below,  for  use  npoo 
several  small  fai*ms.  That  i>ortion  of  the  ditch  above  Beeder  Slough 
has  been  abandoned  and  the  lower  portion  has  become  dependent  upon 
the  Farmers  Canal  for  its  supply  of  water. 

8tine  Canal, — This  name  has  been  applied  to  portions  of  Old  Biver 
and  several  distributing  canals  since  1873.  In  that  year  the  settlers 
along  this  river  channel  united  in  the  construction  of  a  weir  about  iTo 
feet  long  across  the  head  of  Old  Eiver,  and  two  main  branches  of  the 
canal  were  subsequently  diverted  from  this  stream.  The  first  one  of 
these,  in  order  downstream,  is  known  as  the  Call  Branch,  or  Brancb 
No.  1.  It  has  its  head  about  three-quarters  of  a  mile  below  the  head 
of  Old  Kiver,  is  20  feet  wide  for  about  a  mile,  then  30  feet  wide,  gradn 
ally  contracting  again  to  25  feet.  The  original  depth  was  intended  to 
be  3  feet,  but  the  channel  was  made  somewhat  deeper.  One  of  its 
branches  connects  with  a  branch  of  the  Kern  Island  Canal.  Branch 
Ko.  2  of  the  Stine  Canal  is  diverted  frt)m  Old  Biver  about  5  miles  belov 
its  head.  It  is  about  6  miles  long.  The  diversion  of  water  from  the 
channel  of  Old  Biver  into  these  branches  is  accomplished  by  meastiof 
weirs  or  regulating  gates  that  serve  to  control  water  elevation. 

The  water  passing  the  head  of  Branch  No.  2  flows  on  toward  the 
lakes  and  is  occasionally  used  for  wild  flooding  of  grass  lands.  Kecently 
the  diversion  of  water  for  the  Stine  Canal  was  made  through  the  head  d 
the  Farmers  Canal  and  delivered  to  the  former  through  a  canal  sectioo 
called  the  extension  of  the  Stine  and  Anderson  canals.  The  capacilir 
of  the  Stine  Canal  is  claimed  to  be  about  200  second-feet. 

The  cost  of  the  works,  including  repairs,  was  estimated  forthepru^* 
cipal  owners  in  1880  at  $87,000.  This  doeis  not  include  the  extensioo 
to  the  Farmers  Can^l,  which  was  made  subsequent  to  that  time. 

Anderson  Canal. — This  canal,  which  is  also  called  the  "  Baker  &  Noble 
Canal,"  was  constructed,  in  part,  at  least,  in  1872.  The  diversioii  oi 
water  for  it  was  originally  made  from  the  south  bank  of  J^eif  Keta 
Eiver,  about  one-quarter  of  a  mile  below  the  bead  of  Old  Biver,-  bat  as 
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ownership  of  a  number  of  canals  became  centered  in  the  same  group  of 
owners,  it  was  thought  desirable  to  establish  common  head  wprks  for  this 
sanal  together  with  the  Stine  and  Castro  canals,  at  the  head  of  Old  Eiver. 
[t  was  therefore  extended  to  this  point,  and  for  many  years  one  system 
jf  works  served  to  divert  water  for  all  three  of  these  canals.  Within 
the  last  few  vears  a  further  consolidation  of  canal  head  works  has  been 
affected,  and  the  water  for  the  Stine  and  Anderson  canals  is  now 
ii verted  from  the  river  through  the  upper  section  of  the  Farmers' 
Danal,  as  already  explained.  The  Bellevue  property,  one  of  the  mauy 
possessions  of  the  Kern  County  Land  Company  (J.  B.  Haggin,  princi- 
uipal  owner),  is  the  locality  where  the  water  of  the  Anderson  Canal  is 
used. 

Gates  Canal. — ^This  canal  is  reported  to  have  been  constructed  in 
1872  and  1873.  It  was  enlarged  in  1874  from  a  bed  width  of  9  feet  to 
12  feet.  Its  water  is  used  only  on  the  Bellevue  Eanch.  Its  diversion 
is  made  about  three-quarters  of  a  mile  below  the  head  of  Old  Eiver. 
It  is  only  2  to  3  miles  long,  and  its  capacity  is  30  to  40  second-feet. 

Buena  Vista  Canal. — This  name  has  been  given  to  one  of  the  delta 
channels  of  Eern  River,  together  with  its  system  of  distributary  ditches. 
The  natural  water  course  referred  to  broke  out  from  the  south  bank  of 
Kern  River  about  2  miles  below  Old  River.    It  was  provided  with  a 
bead  gate  26  feet  wide  in  1870,  and  a  new  coqnection  with  the  river 
was  established.    For  some  years  thereafter  the  settlers  along  this 
slough,  which  had  a  southerly  course,  and  along  its  mam  branch.  But- 
ton Willow  Slough,  made  use  of  the  water  thus  admitted  under  control, 
for  irrigation  purposes.    Diversion  from  the  sloughs  was  effected  by 
ineaus  of  temporary  brush  dams.    In  1875  the  canal  proper  was  con- 
stracted.    The  slough  was  permanently  closed  about  a  mile  below  its 
bead,  and  its  lower  section  was  replaced  by  the  artificial  channel  of 
Buena  Vista  Canal.    The  capacity  of  the  canal  is  probably  between 
100  and  150  second-feet.    The  cost  of  works  and  repairs  to  1880  was 
^timated  for  the  owners  by  Mr.  W.  R.  Macmurdo  at  $26,000.    A  weir 
of  the  ordinary  light  dashboard  type  is  maintained  in  Kern  River  just 
^ow  the  head  of  the  James  Canal  to  force  water  into  the  Buena  Vista 
^nd  James  canals. 

James  Canal, — ^This  canal  was  constructed  for  the  irrigation  of  the 

^dnumbered  sections  of  land  westward  from  Old  Kern  River  on  Kern 

^^land.    The  construction  work  commenced  late  in  1871.    The  diver- 

®^on  of  water  from  the  river  is  made  a  few  rods  below  tlie  head  of  Buena 

^  J8ta  Slough.    As  originally  constructed  the  canal  was  100  feet  wide  for 

^bout  1,000  feet,  thence  20  feet  wide  for  a  distance  of  300  to  400  feet, 

^'Jd30  to  40  feet  wide  throughout  the  rest  of  the  first  three-quarters  of 

^  mile  of  its  course.    Its  fall  in  this  distance  is  2  feet,  and  it  is  intended 

^  carry  water  3  feet  deep.    The  length  of  the  main  canal  is  about  18 

^iles,  but  its  lower  portions  have  fallen  into  disuse  on  account  of  the 

Abandonment  of  Lake  Ranch,  where  an  unsuccessful  attempt  was 
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made  to  irrigate  strongly  alkaline  laud.  Mr.  W.  B.  Macmardo,  aboat 
1879,  estimated  the  total  expenditure  on  the  canal  at  $16,000.  The 
river  weir'  at  the  head  of  the  James  Oanal  serves  to  force  water  into 
this  canal  as  well  as  into  the  Buena  Vista  Canal.  It  is  in  type  similar 
to  the  Pioneer  weir. 

PlunJcett  Ditch. — This  ditch  was  constructed  in  1873.  It  diverted 
water  for  the  river  about  three-quarters  of  a  mile  below  the  head  of 
Buena  Vista  Slough,  and  had  a  southwesterly  course.  It  was  made  12 
feet  wide  and  2  to  2^  feet  deep,  and  its  length  was  about  4  mile& 
Some  years  later  a  connection  with  the  James  Canal  was  established, 
and  the  Plunkett  Ditch  may  now  be  regarded  as  a  branch  of  the  larger 
canal. 

Medoham  Canal. — ^The  Meacham  Canal  is  one  of  the  small  ditches 
taking  water  from  the  south  side  of  Kern  Eiver  just  above  the  Pioneer 
Bridge,  about  6^  miles  west  of  Bakersfleld  and  about  5^  miles  below 
the  head  of  Old  River.  It  was  constructed  in  1873.  Its  length  was 
only  3  to  4  miles  and  its  width  8  to  10  feet.  The  depth  of  water  to  be 
carried  was  2  to  3  feet.  The  canal  is  now  arranged  to  deliver  its  water 
into  the  James  Canal,  with  which  it  has  been  connected. 

WiUan  Canal, — ^The  head  of  this  ditch,  which  was  constructed  in  1874, 
was  originally  located  about  one-quarter  of  a  mile  below  the  Pioneer 
Bridge,  but  in  1875  the  ditch  was  extended  upstream  to  a  point  along- 
side the  head  of  the  Meacham  Canal,  just  above  the  bridge.  The  ditch 
is  only  1  to  2  miles  long,  about  5  feet  wide,  and  2^  feet  deep. 

Henley  and  Frazier  ditches, — These  are  two  small  diversions  from  the 
south  side  of  the  river,  about  4  miles  below  the  Pioneer  Bridge.  The 
former  was  constructed  in  1874,  the  latter  in  1873.  Each  is  about  2 
miles  long.  Their  combined  capacity  was  probably  less  than  20  second- 
feet.    Ko  information  is  available  as  to  whether  they  are  still  in  use. 

BeardsUy  Canal. — The  head  of  Beardsley  Canal  is  about  1^  miles 
above  the  head  works  of  Kern  Island  Canal,  on  the  north  side  of  Kern 
Eiver.  It  is  the  uppermost  of  the  Kern  Biver  canals  which  divert 
water  from  this  river  for  the  irrigation  of  portions  of  the  main  east- 
side  plain  of  San  Joaquin  Valley.  The  construction  of  the  canal 
extended  through  several  years,  commencing  late  in  1873.  Its  course 
for  about  100  feet  near  its  head  is  along  the  base  of  an  almost  vertical 
bluff  of  cemented  gravel,  and  about  2  miles  below  its  head  it  lies  in  an 
extensive  cut,  8  or  9  feet  deep,  through  a  second  bank  of  cemented 
gravel.  This  cut  is  nearly  half  a  mile  long.  Otherwise  the  canal  is 
located  on  ground  favorable  for  canal  construction.  The  canal  was 
planned  to  follow  a  grade  line  skirting  the  southwestern  base  line  of 
the  Sierra  Nevada  foothills,  and  in  this  respect  differed  materially  from 
the  works  on  the  other  side  of  the  river,  which,  except  the  upper  se(*tion 
of  the  Kern  Island  Canal,  were  all  constructed  in  the  direction  of  the 
greatest  fall  of  the  land,  thus  occupying  positions  which  are  usually 
assigned  to  laterals.    The  Beardsley  Canal  was  originally  made  15  feet 
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and  2  to  2}  feet  deep^  bat  owing  to  the  light  grade  on  which  it  was 
constracted — O.Sfoot  fall  per  mile — ^it  was  found  difficult  to  keep  it 
reasonably  free  from  obstraction  by  the  rapidly  growing  vegetation, 
and  it  became  necessary  to  enlarge  the  canal  to  make  its  fall  more 
effective.  A  timber  weir  of  the  open  flashboard  type  is  maintained 
across  the  river  at  the  head  of  Beardsley  Canal.  For  many  years 
the  full  length  of  this  canal  was  about  8  miles,  but  as  it,  with  the 
majority  of  the  other  Kern  Biver  canals,  came  into  possession  or  under 
control  of  the  same  owners,  the  Kern  County  Land  Company,  it  was 
extended  northward  to  and  across  Poso  Creek,  and  now  has  a  total 
length  of  about  25  miles.  Its  laterals  frequently  extend  westward  to 
a  connection  with  the  McCord  Canal  and  to  the  Calloway,  so  that 
surplus  waters  are  readily  delivered  to  these  lower  canal  systems. 
The  territory  eommanded  by  this  canal,  lying  between  it  and  the  Cal- 
loway, is  about  33,000  acres,  which  includes  between  6,000  and  7,000 
acres  formerly  served  by  the  McCord  Canal. 

McCaffery  Ditch. — ^Thd  mention  of  the  McCaffery  Ditch  as  an  inde- 
pendent irrigation  work  is  merely  historical.  It  is  a  small  ditch 
diverting  water  from  the  south  side  of  the  slough  known  as  McCaitery 
or  Calloway  Slough,  which  has  been  made  a  part  of  the  well-known 
Galloway  Canal.  The  ditch  is  several  miles  long,  7  to  8  feet  wide,  and 
2  to  3  feet  deep.  It  was  constructed  in  1873,  and  is  still  in  use  as  a 
distributary  of  the  Calloway  Canal  water.  The  use  of  its  water  is  con- 
fined io  the  island  lying  between  Calloway  Slough  and  the  main  channel 
of  the  river. 

McCord  Canal, — ^This  canal,  which  has  a  position  intermediate 
between  the  Beardsley  and  Calloway  canals,  was  built,  in  part  at 
least,  in  1875  and  1876.  A  diversion  of  water  was  made  from  the 
north  side  of  Kern  Biver,  about  2  miles  below  the  head  of  the  Kern 
Island  Canal,  into  a  natural  high-water  channel,  and  from  this  natural 
channel  the  canal  proper  was  carried  3  or  4  miles  northward.  In  1879 
the  canal  was  reported  to  be  about  4^  miles  long,  with  three  branches, 
aggregating  10  miles  in  length.  Its  bed  width  was  noted  at  20  feet 
and  its  depth  at  2  to  3  feet.^  The  canal  was  provided  with  a  new  head 
gate  in  1882  and  was  extended  northward.  The  main  canal  had  a  total 
length  of  about  12  miles.  The  district  commanded  by  the  canal  is  now 
served  with  water  from  the  Beardsley  Canal,  and  no  attempt  is  made 
to  maintain  the  McCord  Canal  as  an  independent  work. 

Calloway  Canal, — ^This  is  the  principal  canal  for  the  irrigation  of 
lauds  on  the  north  side  of  Kern  Biver.  Its  purpose  was  primarily  to 
supply  water  for  the  reclamation  of  lands  entered  as  desert  claims. 
Almost  as  soon  as  the  notice  of  intention  to  make  the  diversion  of 
iMrater  for  this  canal  had  been  posted  at  the  head  of  McCaffery  Slough, 
in  the  spring  of  1875,  all  individual  rights  were  assigned  to  the  Callo- 
way Canal  Company,  known  on  the  records  as  the  Kern  Biver  Land 

1  See  Rept.  Stote  Engiiieer,  Wm.  Ham.  H«U,  1880,  Appendix  to  Part  IV,  p.  77. 
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and  Canal  Company,  aud  no  time  was  loBt  in  commeDcing  constfuction, 
which  was  pnshed  forward  rapidly  until  Poso  Greek  had  been  crossed 
by  the  main  line  of  the  canal.  The  diversion  from,  the  river  was 
efiected  at  the  head  of  MoCaffery  or  Calloway  Slongh,  which  was  cor- 
rected in  alignment  so  far  as  necessary  and  cat  to  a  uniform  width  of 
1 20  feet.  The  upper  2^  miles  of  the  slough  were  tbas  appropriated  for 
canal  purposes.  Thence  an  artificial  channel  60  feet  wide  on  the  hot 
torn  was  cut  in  a  northerly  direction.     At  between  2  aud  3  miles  irom 


Flo.  a.— Head  ol  Calloway  Canal. 


the  alough  the  width  of  the  canal  was  increased  to  80  feet  on  the 
bottom,  and  it  retained  this  width  to  Poso  Creek.  To  the  north  of 
Poso  Creek  the  canal  extension  is  60  feet  wide.  The  canal  has  a  &I1 
of  0.8  foot  to  the  mile  northward  from  the  point  where  it  leaves  McCaf- 
fery  Slough  for  a  dlRtauce  of  about  15  miles;  thence  to  and  beyond 
Poso  Creek  the  fall  i>er  mile  is  only  0.4  foot.  The  total  foil  from  the 
head  of  McCaffery  Slough  to  the  point  where  the  canal  proper  leaves 
the  slough  is  about  J.0  feel.    The  iuUow  into  what  is  ordinarily  called 
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le  head  of  the  canal,  being  the  original  head  of  McCaffery  Slough,  is 
>ntrolled  by  a  head  gate  or  rlBgalator.  Where  the  canal  proper  leaves 
e  slongh  a  check  weir,  serving  the  purpose  of  a  waste  gate,  closes 
e  latter  and  affords  convenient  control  of  the  water-surface  elevation 
that  point.  A  second  regulator  is  put  into  the  head  of  the  artificial 
lannel,  which  leaves  the  slough  just  above  the  check  weir.  Sands 
cumulating  in  the  slough  channel  above  the  lower  barrier  are  readily 
diced  out  by  removing  the  loose  dashboards  of  the  weir  and  per- 
ittin|2:  a  free  flow  through  the  lower  section  of  the  slough  back  to  the 
ver. 

The  distribution  of  water  from  the  Galloway  Canal  is  effected  by 
eans  of  branch  ditches  or  laterals,  which  are  generally  carried  west- 
ard  in  the  direction  of  the  greatest  slope  of  the  valley  plain.  Their 
>8ition  is  usually  determined  by  that  of  gentle  swells  or  ridges,  which 
Ford  the  best  command  of  the  lands  to  be  irrigated.  These  laterals 
-e  ordinarily  about  16  feet  wide.  Their  banks  are  made  high,  so  that 
undation  of  adjacent  territory  can  readily  be  accomplished.  The 
^tural  fall  of  the  valley  surface  in  the  direction  of  the  laterals  is  7  to 
^  feet  to  the  mile.  This  is  reduced  by  means  of  check  weirs  or  drops 
>  less  than  2  feet,  effe(*.tive,  to  the  mile.  Tenants  of  land  to  be 
rigated  from  these  laterals  are  reported  to  have  frequently  taken 
mtracts  for  their  construction  as  low  as  5  cents  per  cubic  yard  of 
krthwork. 

liate  in  1879  Mr.  F.  E.  Pillebrown,  engineer  in  charge  of  canal  con- 
ruction,  rex)orted  an  expenditure  of  $78,165  on  the  main  canal,  and 
t:9,460  on  about  64  miles  of  laterals.  The  area  covered  by  the  64  miles 
'  laterals  wa«  reported  at  16,160  acres,  and  the  cost  of  laterals,  with 
ites  complete,  per  acre  under  ditch  was  $4.  The  cost  of  constructing 
teck  levees  in  this  district  for  irrigation  by  flooding  was  given  at 
-•15  per  acre.  Water  was  first  turned  into  the  Calloway  in  1875,  but 
'  that  time  the  principal  purpose  was  to  moisten  the  canal  bed  and 
ereby  facilitate  excavation. 

All  strnctures  on  the  canal  are  extremely  simple,  but  efficient.  The 
iad  gate  or  regulator  now  in  use  was  constructed  in  1884,  late  in  the 
Hsou,  after  a  first  freshet  had  floated  the  original  head  gate  out  of 
ace.  The  gate  was  designed  and  built  by  Mr.  L.  F.  Colton.  While 
ork  on  it  was  in  progress  a  large  portion  of  the  dam  or  weir  across  the 
Ver  at  the  head  of  the  canal  was  washed  away,  and  this  was  replaced 
^der  some  difficulty,  as  the  river  rose  before  work  was  completed  and 
>oded  the  foundation  pit.  Much  of  the  flooring  had  to  be  nailed 
>der  water.  The  weir  or  dam  across  the  river  is  a  very  light  structure, 
'  the  open  type,  resting  upon  a  floor  which  is  the  top  of  a  large  sand 
>3c  extending  across  the  river.  The  weir  proper  consists  of  a  set  of 
afters,  4  feet  apart  from  center  to  center,  supported  by  a  set  of  shores 
'  braces,  forming  a  light  framework,  and  the  necessary  flash  or  drop 
^ards  for  the  closing  of  the  spaces  between  rafters.    The  rafters  were 
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originally  inclined  at  an  angle  of  abont  40  degrees,  bnt  when  it  was 
found  desirable  to  raise  the  weir  crest  somewhat  they  were  placed 
more  nearly  erect.  They  are  cat  off  horizontally  at  the  top  and  afford 
support  to  a  single-plank  footbridge,  each  plank  of  which  is  held  in  posi- 
tion by  a  dowel  in  the  top  of  the  weir  timber.  This  arrangement  was 
adopted  to  secure  a  proper  spacing  of  the  wetr  timbers  at  their  tops. 
The  drop  boards  are  of  light,  1-inch  thick  material.  According  to  the 
original  design,  the  entire  superstructure  was  movable.  A  set  of  brack- 
ets has  been  attached  to  the  weir  frames  below  the  footBridge  to  sap- 
per t  the  drop  boards,  which  are  out  of  service.  The  total  length  of  tire 
weir  was  originally  500  feet,  of  which  only  the  northernmost  400  M 
was  rebuilt  in  1884;  the  rest,  extending  from  a  small  island  in  the  river 
to  the  south  bank,  has  been  replaced  by  a  solid  earth,  or  rather  sud^ 
fill.    This  part  of  the  weir  had  a  superstructure  of  a  type  different  fioo 
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Fig.  9.— Plan  of  head  gate  of  Calloway  Canal. 

that  of  the  new  weir.  Its  floor  of  2-inch  planking  rested  upon  two 
lines  of  sheet  piling,  and  the  floor  joists  received  additional  sapport 
from  intermediate  piles.  The  river  bed  at  that  point,  to  an  unknown 
depth,  is  a  clean,  moderately  fine  sand,  with  which  all  voids  under  tbe 
flooring  were  compactly  filled. 

With  some  variations  in  detail  of  construction  the  river  ireir  is  pro- 
longed in  a  direct  line  northerly  across  the  head  of  the  Galloway  Ganai; 
but  the  timbers  of  the  Calloway  Canal  regulator  are  somewhat  heavier 
than  those  of  the  weir.  Its  frames  are  not  movable.  The  main  timbers 
are  6  by  8  inches,  and  have  several  supports  each  6  by  6  inches.  Tbe 
canal  regulator  is  100  feet  long,  having  26  openings,  or  bays,  each  4 
feet  from  center  to  center  of  gate  frames.  The  drop  or  flash  boards 
are  1  by  6  inches. 
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At  each  end  of  the  Callova;  weir  and  of  tlie  canal  regnlator  tbe 
laoks  are  protected  by  timber  bulkheads,  sheet  piling,  and  bmshwork. 

A  full  flow  of  water  is  expected  in  the  Calloway  Canal  daring  the 
Qonths  Febrnary  to  May,  inclnsive.  At  the  low  stage  of  the  river  the 
anal  is  entirely  dry.  The  maximum  capacity  of  the  canal,  estimated 
ome  years  ago  firom  dimensioDS  below  McCaffery  Slongh,  was  about 
■50  second-feet,  bat  the  ordinary  fall  ilow  is  4dO  to  .'300  second  feet, 
dore  water  than  this  in  the  canal  renders  liability  of  breaks  in  tbe 
tanks  too  great. 

The  canal  laterals  have  beeu  extended  tbrougbont  a  district  having 
^n  area  of  about  60,000  acres,  nearly  all  of  which  may  be  considered 
ally  prepared  for  irrigatiou  and  actaally  irHgated  each  season.  The 
trincipal  crop  irrigated  is  alfalfa.  A  view  of  a  large  field  of  this  forage 
rop  being  irrigated  by  means  of  contour  checks  on  the  Jackson  Banch 
s  shown  in  PI.  XII,  B.    No  water  was  sold  from  the  Calloway  Canal 


Fig.  10.— SeoUoD  of  h«^  g*te  of  Callovar  Canal. 


LntU  the  Bale  of  lands  owned  by  the  Kern  County  Laud  Company 
J.  B.  Haggin  and  Lloyd  Tevis)  commenced. 

Emery  Ditch. — This  is  a  small  ditch  making  a  diversion  of  water 
rom  the  north  side  of  Kern  Hiver  aboat  4  miles  below  the  bead  of  the 
lalloway  Canal.  It  was  constructed  in  1877  as  a  private  ditch  by  Mr. 
[.  K.  Emery,  and  was  only  3  miles  long,  6  to  8  feet  wide,  and  2  feet 
eep.  The  diversion  of  water  was  effected  by  inexpensive  briiBh  wing 
ams,  a  new  one  being  required  after  each  freahet.     Notwithstanding 

capacity  of  10  to  20  second-feet,  but  little  irrigation  was  ever  acoom- 
lished  with  this  ditch.  It  was  difficult  to  force  the  necessary  water 
ito  the  ditch  even  at  moderately  high  stages  of  the  river;  the  loss  of 
'ater  in  transit  to  lands  to  be  irrigated  was  considerable,  as  the  route 
r  tbe  ditch  was  across  a  sandy  region,  and  the  drifting  sands  made 
-,  difficult  to  keep  tbe  ditch  open. 
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Jones  &  Tuckey  Ditch. — ^Tbe  description  of  this  ditch,  like  that  of  a 
aamber  of  the  other  lesser  irrigation  works  from  Kern  Elver,  is  bardly 
more  than  a  historical  note.  The  ditch  was  next  below  the  Emery 
Ditch,  on  the  north  side  of  the  river,  and  followed  a  parallel  route 
northward.  It  was  about  10  feet  wide  and  4  miles  long.  It  was  con- 
structed in  1876,  but  fell  into  disuse  seven  or  eight  years  later,  wken 
it  came  under  control  of  the  principal  owners  of  the  larger  canals  com- 
manding the  same  territory.  Its  rights  have  been  merged  with  tboee 
of  the  larger  canals. 

Railroad  Canal. — ^At  the  head  of  a  natural  high-water  or  overflow 
channel  on  the  north  bank  of  Kern  Biver,  known  as  Ooose  Lake 
Slough,  three  cuts  have  been  made  to  afford  a  greater  inlet  capacity 
to  the  head  of  the  slough.  The  uppermost  of  these  is  known  as  tie 
Eailroad  Canal.  It  is  about  one-half  mile  long  and  26  to  30  feet  wide 
on  the  bottom.  This  canal,  if  such  a  designation  may  be  applied  to 
the  diversion,  was  constructed  late  in  1875,  and  a  light  timber  barrier 
40  feet  wide  (8  bays,  each  5  feet)  was  placed  across  its  head  for  tbe 
control  of  its  flow.  The  water  diverted  from  the  river  into  this  channel 
was  for  the  irrigation  of  lands  (desert-land  entries)  near  Goose  Lake 
Slough  belonging  to  persons  who  had  failed  to  secure  rights  in  tbe 
Goose  Lake  or  the  Wible  canals.  Very  little  irrigation  was  accom- 
plished with  it,  except  the  natural  wetting  of  lands  adjacent  to  tbe 
slough.  Only  320  acres  of  the  lands  for  which  water  was  claimed 
through  the  Bailroad  Gaual  are  said  to  be  still  served  with  Kern  Biyer 
water. 

Wible  Canal. — Just  below  the  Bailroad  Ganal  is  another  cut  firom 
the  river  to  the  slough,  which  was  made  in  the  summer  of  1875,  by 
another  set  of  persons,  who  were  desirous  of  using  Goose  Lake  Sloagb 
as  a  main  channel  to  carry  water  to  their  lands.  This  cut  was  only 
1,000  to  1,500  feet  long.  It  was  30  to  35  feet  wide  on  the  bottom  and 
about  2  to  3  feet  deep.  Its  head  gate  was  56  feet  wide.  The  first  cost 
of  the  canal  is  reported  at  $3,500,  and  the  cost  of  the  regulator  at  1500. 
Water  is  apportioned  to  stockholders  without  any  elaborate  system  of 
measurement.  Expenses  of  management,  which  are  light,  are  i^pof- 
tioned  to  the  consumers  of  water  by  mutual  agreement. 

Goose  Lake  Canal. — First  in  the  order  of  time  of  constmctioa,  bot 
third  in  position,  is  the  enlarged  original  head  of  Goose  Lake  Slooi^t 
known  as  the  Goose  Lake  Canal.  This  is  located  on  the  north  side  of 
Kern  Biver  just  above  the  Pioneer  Bridge,  about  7  miles  in  a  direct 
line  west  of  Bakersfield.  In  1874  the  head  of  Goose  Lake  Slough  v»s 
cleaned  out  and  enlarged  and  a  regulator  was  built  across  it.  This 
regulator  is  134  feet  wide.  The  head  of  the  slough  was  150  to  160  feet 
wide.  This  work  has  always  been  under  the  control  of  the  parties  who 
controlled  the  principal  large  canals  already  enumerated  and  has  not 
been  in  use  to  any  considerable  extent  for  systematic  irrigation. 


A.    PIONEER  CANAL  WEIR,  KERN  RIVER. 
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aneer  Canal. — ^This  canal  was  constmcted  in  1873  by  settlers  upon 
3  on  the  north  side  of  the  river  below  the  Pioneer  Bridge.  It 
originally  made  30  feet  wide  at  its  head  for  a  distance  of  a  little 
100  yards;  there  its  width  was  decreased  to  10  or  12  feet.  Sab- 
ently,  however,  the  canal  was  enlarged  to  a  bed  width  of  30  feet 
nghont  a  length  of  7  or  8  miles,  and  its  upper  sections  were  still 
ler  enlarged  in  1879,  when  the  canal  was  made  60  feet  wide.  From 
lead  at  the  Pioneer  Bridge  the  canal  has  a  westerly  course,  its 
irs  being  used  principally  upon  the  Kern  Gounty  Land  Company's 
]  of  land.  The  canal  capacity  reported  for  this  canal  by  Mr.  W.  B. 
nurdo,  G.  E.  (in  charge  of  canal  work  in  1880),  was  450  second-feet, 
its  cost  about  $44,000. 

e  head  gate  of  this  Qanal  offers  some  points  of  interest.    It  rests 
t  sand.    A  trench  was  excavated  across  the  canal,  14  feet  wide 


Fio.  11 Section  of  Pioneer  Canal  regulator. 

y  60  feet)  and  3  feet  deep.  Light  sheet  piling  was  driven  on  the 
sides  of  this  trench  1  foot  deep.  To  the  top  of  the  sheet  piling 
nailed  2  by  4  inch  timbers  at  the  height  of  the  canal  grade.  The 
(h  was  then  refilled  and  1  by  6  inch  pine  boards  were  laid  across 
op  of  the  filling  4  feet  apart,  in  the  direction  of  the  canal  axis, 
r  boards  2  inches  thick  were  thereupon  nailed  to  the  pine  strips 
extended  over  the  side  walls  of  the  trench.  They  were  laid  across 
kxis  of  the  canal.  Onthis  floor  sills  4  by  6  inches  were  placed  on 
,  4  feet  apart,  for  the  support  of  4  by  6  inch  post-s,  which  serve  as 
^e  posts.  The  bridge  floor  is  2  inches  thick  and  covered  with  an 
1  fill  3  feet  thick,  which  serves  to  give  weight  and  stability  to  the 
e  structure.  The  sides  of  the  bridge,  acting  as  retaining  walls  for 
larth  fill,  are  tied  to  the  floor  joists  by  means  of  three-eighths-inch 
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iron  roas,  twisted  together  for  t«DBioii.  The  npper  bridge  poets  Bapport 
the  loose  flasbboards  by  means  of  which  the  stractore  is  converted  into 
a  regulator.  This  is  one  of  the  best  examples  of  a  cheap,  efficient 
stractore.  Ite  total  cost  was  only  $540,  including  all  earthwork.  It 
was  bailt  in  1884  by  the  engineer  in  charge,  Mr.  Walter  James.  Tbe 
weir  in  tbe  river  at  tbe  head  of  tbe  Pioneer  Caual  was  originally  a  coid- 
bination  stractnre.  TIte  weir  posts  saptwrtetl  a  bridge,  toward  tbe 
construction  of  which  a  money  coiitrit)ution  was  made  by  Kem  County. 
Tlie  original  weir  has  been  replaced  by  a  late  structare,  crossing  Kent 
River  just  below  the  Pioneer  Bridge.  This  is  very  similar  in  airange^ 
ment  to  the  one  at  tbe  bead  of  the  Calloway  Oanal.  It  controls  tbe 
water-surface  elevation  in  tlie  river  for  a  number  of  canals  and  ditcha 
besides  the  Pioneer  Canal,  inclnding  the  Goose  Lake  Slough  system  on 
the  north  side  of  the  river,  and  the  Wilson  and  Meacbam  ditches  on  id 
south  side. 


Head  of  Juuu  &  Diion  Caul. 


Edwards  Ditch. — This  ditch,  whose  bead  is  about  a  mile  below  tb> 
Pioneer  weir,  is  to  be  classed  with  those  of  lesser  importance.  " 
was  constructed  in  1875.  Work  may  have  commenced  late  in  tlie  f^ 
ceding  year.  The  ditch  was  about  2  miles  long,  and  10  to  12  feet  vide 
on  the  bottom.  It  fell  into  disuse  in  1879,  but  was  reopened  in  1885. 
It  was  then  in  use  by  several  persons,  but  received  water  only  at  higli 
stages  of  the  river. 

James  &  Dixon  Canal. — This  name  has  been  applied  to  a  cut  abon' 
2J  miles  below  the  Pioneer  Bridge,  firom  Kern  Eiver  into  Johnw 
Slough  (one  of  the  river's  north-side  delta  channels).  Tbis  cnt  wv 
excavated  in  1872  and  1873.  It  was  less  than  half  a  mile  long,  and  wU 
originally  made  30  feet  wide  on  the  bottom.  In  1884  it  was  connected, 
at  a  point  about  200  yards  below  its  head,  with  the  Johnson  Cot,* 
second  opening  from  tbe  river  into  Johnson  Slough.  The  water  deB'- 
6P©d  into  the  slotigh  by  the  James  &  Dixon  Cut  is  tbr  nse  on  portiow 
of  the  McCluug  Ranch  and  on  the  Bueoa  Vista  Ranch.    The  sloa^  >< 
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ised  in  common  by  the  owners  of  the  two  canals  for  abont  a  mile  below 
he  x>oint  where  their  waters  are  mingled.  The  Johnson  Canal  water 
s  there  taken  ont  of  the  soath  side  of  the  slongh  for  distribation  to 
rrigators,  while  the  James  &  Dixon  Canal  water  flows  on  down  the 
iloagh  chanDcl. 

Abont  1882  it  became  necessary  to  establish  a  better  control  of  the 
low  of  water  into  Johnson  Slough.  To  this  end  a  reasonably  perma- 
lent  wing  dam  was  constrncted  just  below  the  Johnson  Cut,  and  a  new 
lead  gate,  or  regulator,  was  placed  in  that  cut.  The  wing  dam  was  in 
he  form  of  a  timber  weir  extending  halfway  across  the  river  channel 
md  resting  against  a  small  island.  The  space  between  its  end  and  the 
K>uth  bank  of  the  river  was  closed  annually  at  the  low- water  stage  by 
m  inexx>ensive  sand  dam.  The  water  was  thus  forced  over  the  weir 
md  brought  under  control.  The  control  at  high  stages  was  not  essen- 
tial. This  work  was  carried  out  under  the  direction  and  management 
of  the  owners  of  the  James  &  Dixon  Canal,  and  a  proportional  part  of 
the  cost — $2,200  out  of  a  total  of  $4,700— was  contributed  by  the 
owners  of  the  Johnson  Canal.  The  water  supply  for  both  canals  was 
thereafter  drawn  through  the  same  regulator. 

The  original  purpose  for  which  the  James  &  Dixon  Canal  was  con- 
ttructed  was  to  supply  water  for  irrigation  to  the  Buena  Vista  Eanch, 
hen  owned  by  Mr.  James  Dixon,  and  to  lands  in  its  vicinity.  The 
^nal  and  the  lands  to  be  irrigated  by  it  have  long  since  become  a  part 

"the  property  under  control  of  the  Kern  County  Land  Company. 
^Che  combined  capacity  of  the  James  &  Dixon  and  the  Johnson  canals 
k^  been  estimated  at  400  to  450  second-feet.  The  head  works  of  the 
kXEies  &  Dixon  Canal  are  now  out  of  service,  because  it  has  been  found 
^x^  convenient  to  supply  water  to  the  lower  section  of  the  canal 
^^oagh  a  branch  of  the  Pioneer  Canal. 

Johnson  CanaZ.— Several  hundred  feet  below  the  original  head  of  the 
^^nies  &  Dixon  Canal  is  the  cut  from  the  river  to  Johnson  Slough 
■^^own  as  the  Johnson  Canal,  which  is  owned  by  the  Lower  Kern  River 
^^gating  Company.  It  was  constructed  in  1873  and  is  about  one-eighth 
^ile  long.  It  was  described  by  Mr.  James  D.  Schuyler,  in  his  report 
to  the  State  engineer,  as  being  10  feet  wide  on  the  bottom,  3  feet  deep, 
^th  bank  slopes  of  1  on  2;  but  greater  original  dimensions  are  claimed 
for  it  by  resident  engineers  of  Kern  County.  The  canal  water,  as 
Uready  noted,  flowed  about  a  mile  in  Johnson  Slough  and  was  then 
;aken  out  for  delivery  to  irrigators.  The  separation  of  its  water  from 
hat  of  the  James  &  Dixon  Canal  was  effected  and  controlled  by  means 
f  regulators,  one  being  placed  in  the  slough,  another  in  the  artificial 
hannel.  There  was  no  sale  of  water  to  consumers.  The  canal  owners 
x>k  water  as  they  needed  it,  and  expenses  of  canal  management  were 
pportioned.  The  cost  of  maintaining  head  works  at  the  river  was 
orne  in  part  by  the  owners  of  the  James  &  Dixon  Canal.  Water  is 
yw  delivered  to  the  lands  served  by  the  Johnson  Slough  Canal 
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tbrongh  branches  of  the  Pioneer  Ganal,  and  the  use  of  the  canal  head 
works  has  been  abandoned. 

Ashe  Ditch. — ^This  ditch,  which  fell  into  disuse  about  1882,  was  a 
small  one,  belonging  to  a  private  owner,  and  was  constructed  about 
1874  or  1875.  Its  head  was  on  the  north  side  of  the  river,  just  below 
the  Johnson  Canal.  It  had  a  westerly  course,  was  about  1  mile  long, 
8  feet  wide  on  the  bottom,  and  2  feet  deep.  Its  mention  is  merely 
historical. 

May  Ditch, — ^This  ditch  was  in  use  for  several  years  subsequent  to 
1874.  Its  length  was  2  miles,  its  course  westerly,  its  width  about  8 
feet,  and  its  depth  2  feet.  Its  head  works  were  4  to  5  miles  below  those 
of  the  Johnson  Canal.    Whether  it  is  now  in  use  is  not  known. 

Joice  Canal. — There  is  some  confusion  among  names  applied  to  the 
ditches  of  Lower  Kern  Eiver  which  were  intended  in  whole  or  in  part 
to  sapply  wat^er  to  the  Baena  Yista  Bauch.  In  1873  the  lands  known 
by  this  name  were  owned  by  the  late  W.  C.  Ealstoii,  and  were  under 
the  management  of  James  Dixon.  The  first  diversion  made  for  their 
irrigation  was  in  that  year,  from  a  minor  north-side  delta  channel  of 
the  river  known  as  Gage  Slough.  The  ditch  was  12  feet  wide,  and  was 
intended  to  carry  water  about  2  feet  deep.  To  increase  the  flow  of 
water  in  that  branch  of  Kern  River  upon  which  Gage  Slough  was 
dependent,  a  dam  of  brushwork  was  constructed  across  the  most 
southerly  of  two  channels  into  which  the  river  separated  a  short  dis- 
tance above  the  head  of  Gage  Slough.  Still  later,  in  the  same  year,  a 
second  ditch  was  constructed  from  the  north  side  of  the  river  above 
the  slough,  and  this  was  connected  with  the  first  ditch.  The  head  d 
Gage  Slough  was  then  closed  permanently. 

Two  years  later  a  private  ditch  was  constructed  as  a  branch  of  the 
Joice  Ditch,  commencing  about  2  miles  below  the  head  of  the  latter. 
This  was  known  as  the  Dixon  Ditch,  and  has  led  to  the  use  of  the  name 
Joice  &  Dixon  Ditch  for  that  part  of  the  original  Joice  Ditch  above  the 
Dixon  Ditch.  The  uncertainty  as  to  amount  of  water  covered  by 
recorded  claims,  and  the  procedure  in  Kern  County  leading  to  the 
granting  of  a  canal  franchise,  are  well  illustrated  by  the  Joice  Canal. 
A  notice  was  posted  on  April  28,  1873,  in  sec.  21,  T.  30  S.,  R.  25  B., 
Mount  Diablo  meridian,  by  Messrs.  E.  Y.  Joice  and  James  Dixon,  of  a 
claim  to  10  cubic  feet  of  the  water  of  Kern  River,  measured  under  a 
4-inch  pressure.  On  May  20  of  the  same  year  the  same  persons  posted 
another  notice  of  claim  to  20  feet  of  water,  measured  under  a  4-inch 
pressure.  These  claims  were  followed  in  1878,  on  October  7,  by  another 
by  Mr.  William  B.  Carr,  posted  on  sec.  23  at  the  head  of  Joice  Canal, 
to  6,250  inches  of  water,  measured  under  a  4-inch  pressure.  He  was 
on  the  following  day  granted  a  franchise  by  the  supervisors  of  K^^^ 
County,  acting  in  the  capacity  of  water  commissioners,  to  constract* 
new  canal  30  feet  wide  on  the  bottom,  2  feet  deep,  and  having  a  cross- 
sectional  area  of  72  square  feet,  or  to  enlarge  any  canal  acquired  by 
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him  to  these  dimensions  for  the  purpose  of  diverting  the  amount  of 
water  named  in  his  claim.  The  franchise  then  obtained  was  transferred 
a  few  days  later  to  the  Joice  Canal  Company. 

From  a  report  made  in  1879  by  Mr.  W.  R.  Macmurdo,  one  of  the 
engineers  in  charge  of  canal  work,  to  Messrs.  Haggin  &  Carr  it  is 
learned  that  the  cost  of  irrigation  with  water  of  this  ditch,  after  ditches 
and  checks  were  all  constructed,  was  as  low  as  10  cents  per  acre.  The 
lands  commanded  by  the  canal  can  also  be  supplied  with  water  from 
the  Pioneer  Canal  and  from  the  James  &  Dixon  Canal,  as  has  been 
already  explained.  The  Joice  Canal  receives  water  only  during  com- 
paratively high  stages  of  Kern  Eiver.  A  timber  weir  extending  par- 
tially across  the  river  was  maintained  for  a  number  of  years,  but  it  has 
recently  been  found  more  convenient  to  abandon  the  canal  head  works 
and  to  supply  it  with  water  from  the  Pioneer  Canal 

Dixon  Canal. — ^Two  years  after  the  construction  of  the  Joice  Canal 
the  branch  known  as  the  Dixon  Canal  was  carried  in  a  northwesterly 
direction,  for  the  irrigation  of  a  small  tract  of  land  on  the  margin  of 
the  lands  segregated  as  swamp  and  overflowed,  and  thereafter  the 
upper  x)ortion  of  the  Joice  Canal,  about  2^  miles  long,  was  regarded 
as  the  common  head  of  the  two  ditches.  The  ditch  was  described  by 
Mr.  James  D.  Schuyler  in  1880,  in  his  report  to  the  State  engineer,  as 
being  2^  miles  long,  6  to  8  feet  wide  on  the  bottom,  and  1^  feet  deep. 

Kern  Valley  Water  Company* 8  canals, — For  the  reclamation  of  th6 
lands  in  the  upper  or  southeastern  portion  of  Buena  Vista  Swamp  two 
large  canals  were  constructed,  one  upon  either  side  of  the  long,  narrow 
trough  of  the  valley  through  which  the  overflow  waters  of  Kern  and 
Baena  Vista  lakes  took  a  northwesterly  course  toward  Tulare  Lake. 
Of  these  two  canals,  the  one  on  the  west  side  was  intended  as  a  recip- 
ient of  the  flood  flow,  and  was  therefore  given  magnificent  dimensions. 
The  other  canal  was  to  serve  more  particularly  as  a  source  of  supply 
for  irrigation  water.  Both  of  these  canals  \9 ere  connected  with  Buena 
Vista  Slough,  a  natural  channel  of  irregular  alignment  and  variable 
dimensions,  which  has  a  northwesterly  course  from  Buena  Vista  Lake 
for  a  distance  of  about  8  miles  to  the  vicinity  of  the  canal  head  works, 
near  which  iK)int  its  channel  becomes  more  or  less  indefinite. 

At  the  time  these  canals  were  constructed,  about  1875,  it  was  pro- 
posed by  their  projectors  to  convert  Kern  and  Buena  Vista  lakes  into 
great  storage  basins  of  water  to  serve  for  the  irrigation  of  lands  to  the 
northwest.  But  this  proposition  met  with  opposition.  Other  claims  to 
the  lakes  were  advanced.  The  lake  beds  were  claimed  as  swamp  and 
overflowed  land  subject  to  reclamation  by  drainage.  Long  litigation 
^Dsaed,  involving  among  other  things  the  question  of  riparian  owner- 

«  

^hip  in  the  waters  of  Kern  Eiver,  as  it  was  manifestly  to  the  advantage 
:>f  the  owners  of  lands  in  Buena  Vista  Swamp  to  prevent  diversions  in 
bhe  upper  sections  of  the  river,  so  as  to  augment  the  flow  through 
aatoral  channels  into  Buena  Vista  Lake  and  thence  into  the  channels 
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from  which  the  lower  canals  were  fed.  As  a  resalt  of  this  litigatioiiit 
was  definitely  determined  that  the  doctrine  of  riparian  rights  pievaila 
in  this  State;  and,  more  directly  bearing  npon  the  questions  at  issue, 
it  led  to  an  agreement  between  the  conflicting  interests  according  to 
which  the  use  of  lake  surface  for  reservoir  purposes  was  restricted 
to  Buena  Yista  Lake,  and  some  definiteness  was  given  to  the  rights  of 
the  various  canals  to  make  diversions  of  the  Kern  Kiver  water. 

As  soon  as  this  result  was  reached,  in  1891,  work  progressed  rapidly 
on  the  structures  necessary  to  dam  off  Buena  Yista  Lake  toward  the 
east  and  to  control  the  outflow  of  its  waters  toward  the  north.  The 
storage  capacity  of  the  lake  is  represented  to  be  150,000  acre-feet^ 
being  presumably  the  amount  actually  available  for  irrigation  pur- 
poses when  the  lake  is  full.  The  alignment  of  the  principal  channel 
of  Kern  Biver  in  its  course  toward  the  lake  has  been  corrected,  and  it 
is  separated  by  means  of  high  embankments  from  a  return  channel  cor- 
respondingly correcting  the  alignment  of  Buena  Yista  Slough.    With- 


Fiu.  13.— Head  of  Kern  Vallej  Water  Company's  canals. 

out  any  definite  information  concerning  the  cost  of  these  works,  it  is 
not  unreasonable  to  suppose  that  it  has  exceeded  $250,000,  in  additioD 
to  over  $300,000  for  original  canals. 

The  west-side  canal  was  made  125  feet  wide  on  the  bottom  and  vtf 
planned  to  carry  water  7  feet  deep.  The  position  of  the  canal  along 
the  western  border  of  the  swamp  gave  it  a  fall  of  about  4  to  5  feet  to 
the  mile;  which  was  reduced  by  means  of  check  weirs  or  drops.  Foot 
of  these  were  constructed,  but  three  were  washed  out,  and  but  a  sing^ 
one  remains  to  serve  as  a  regulator.  The  canal  has  a  length  of  ^ 
miles,  covering  more  than  one-half  the  distance  toward  Tulare  Lake* 
and  discharging  at  its  lower  end  upon  the  lower  portion  of  Buena  Viat* 
Swamp.  The  east-side  canal  is  25  feet  wide  and  has  a  depth  of  3  to  5 
feet.  A  regulator  has  been  placed  in  it  where  it  is  crossed  by  the  ro*J 
embankment,  which  serves  as  a  barrier  against  flood  waters  of  theri^^ 
or  slough  from  the  south.    The  regulator  is  a  combination  of  a  bridp 
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with  earth  fill  on  top  and  a  gate.  The  gate  is  of  the  ordinary  vertical 
flashboard  type. 

Where  water  is  to  be  drawn  from  the  main  west-side  canal  for  irri- 
gation purposes  it  is  admitted  to  distributing  ditches  by  means  of 
wooden  box  culverts  placed  under  the  canal  levee. 

Maintenance  of  the  works  has  involved  frequent  bank  protection  on 
the  main  canal,  the  bottom  of  which  below  its  regulator  has  been  irreg- 
ularly eroded. 

Flood  waters  have  frequently  made  dangerous  inroads  ux)on  banks 
and  levees  where  the  canal  lies  in  the  light  alkaline  soils  of  the  west 
side,  which  do  not  afibrd  much  resistance  to  the  erosive  action  of  the 
water. 

The  irrigation  from  this  canal  system  is  still  confined  to  the  alfalfa 
fields  at  the  head  of  Buena  Yista  Swamp  between  the  two  main  canals. 
Here  about  20,000  acres  of  alfalfa,  in  one  continuous  tract  and  under 
one  ownership  and  management,  represent  the  extent  of  the  water's  use. 

The  system  of  irrigation  is  the  contour-check  system.  The  contour 
levees  have  usually  6  inches  difference  in  elevation,  or  a  little  more. 
The  soil  is  a  black  vegetable  mold,  4  to  6  inches  deep,  under  which 
is  a  heavy  clay  subsoil.  Checks  are  generally  8  to  10  acre's  in  area. 
Small  checks  are  preferred,  and  some  of  the  larger  ones  are  being 
subdivided.  Some  drainage  of  the  land  after  flooding  is  necessary  and 
drain  ditches  are  provided  for  the  purpose.  The  cost  of  preparing  the 
land  for  irrigation,  including  the  cost  of  small  ditches,  was  about  $10 
per  acre. 

KEBN   AND  TULAEE  IBEIGATION  DISTEIOT.. 

No  work  of  actual  construction  was  done  on  the  proposed  canal  sys- 
tem for  this  irrigation  district,  now  disorganized,  but  as  the  contem- 
plated sourer  of  water  supply  was  Kern  Elver  the  project  requires 
mention.  The  district  was  located  on  the  east-side  valley  plain  surround- 
ing Delano,  in  Kern  and  Tulare  counties,  about  25  miles  northward 
&om  Kern  Biver.  It  had  an  area  of  84,000  acres.  The  proposed  main 
caoal  was  to  have  a  bed  width  of  40  feet,  a  water  depth  of  4  feet,  a  fall 
of  9  inches  to  the  mile,  and  a  total  length  of  about  55  miles.  The 
diversion  from  the  river  was  to  be  made  about  8  miles  above  the  head 
of  the  Beardsley  Oanal,  on  the  north  side  of  Kern  Eiver,  and  the  route 
of  the  canal  was  to  be  westward  along  the  bluffs  and  broken  slopes  of 
the  hills  for  about  7  miles,  to  where  it  emerged  upon  a  comparatively 
smooth  plain  at  the  base  of  the  hills,  thence  northerly  across  Poso 
Dreek  and  Dyers  Gulch,  to  and  across  White  Kiver.  The  estimated  cost 
>f  the  main  canal  was  $426,000  and  of  the  necessary  distributaries 
^195,000.  The  district  was  organized  in  1890,  and  a  bond  issue  of 
^700,000  was  intended  to  cover  cost  of  works. 
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WATER  SUPPLY,  DISTRIBUTION,  AND  MEASUREMENT. 

The  breadth  and  shallowness  of  the  bed  of  Kern  Biver,  whose  hanks 
are  only  3  to  6  feet  high,  facilitate  diversion  of  its  water.  The  lands 
irrigated  have  already  been  described. 

Diversions  are  iiuineroiis  both  toward  the  north  and  toward  the  aootli, 
and  are  nsnally  effected  by  the  use  of  light,  movable,  open-work  timber 
weirs,  above  which  water  is  forced  into  the  head  of  a  ditch  or  canaL 
The  flow  in  the  canals  is  controlled  by  gates  or  regulators,  usually  of 
the  inclined  or  vertical  flashboard  type. 

The  canals  on  the  north  side  of  the  river  have  an  aggregate  capacity 
of  several  thousand  second- feet;  those  on  the  south  side,  between  1,000 
and  2,000  second- feet. 

Most  of  the  Kern  Biver  canals  were  constructed  for  the  irrigation  of 
particular  tracts  of  land,  and  therefore  received  alignments  as  direct 
as  iK)S8ible  from  the  point  of  diversion  to  the  land  to  be  irrigated. 
Their  location  in  a  x>osition  to  command  as  much  land  as  possible  is 
exceptional.  The  Kern  Island,  Beardsley,  McCord,  and  Calloway  canals 
are  among  the  exceptions.  On  Kern  Island  the  course  of  the  canalB 
is  generally  in  the  direction  of  the  greatest  slope  of  the  ground's  surface. 
As  this  slope  is  represented  by  a  fall  of  about  7  feet  to  the  mile,  and 
the  soil  is  generally  easily  eroded,  check  weirs  or  drops  are  necessary 
to  check  the  flow  of  water  in  the  canals  and  to  render  diversion  into 
laterals  possible.  .Such  structures  are  about  one-half  mile  apart  ontbe 
principal  original  branches  of  the  Kern  Island  Canal.  There  are  125 of 
them  in  the  main  channel  of  the  Stine  Canal,  and  about  the  same 
number  on  the  Buena  Vista  Canal.    The  James  Canal  has  14. 

Despite  the  various  names  assigned  to  the  Kern  Biver  canals  and  to 
the  corporations  which  own  them,  the  conflicting  interests  thereby 
indicated  do  not  all  exist.  Almost  the  entire  canal  and  ditch  system 
of  this  river  has  passed  into  the  control  of  the  two  great  proprietary 
firms,  Haggin  &  Tevis  and  Miller  &  Lux,  and  contentions  as  to  water 
apportionment  are  usually  restricted  to  broad  questions  aflecting  whole 
districts  rather  than  individual  diversions.  Until  a  satisfactory  allot- 
ment of  the  low-water  flow  of  the  river  was  agreed  to  by  these  lirmSr 
comparatively  little  attention  was  paid  to  perfecting  a  system  of  water 
apportionment  either  from  the  river  or  from  the  several  canals.  Itwtf 
the  rule  for  each  irrigator  to  use  water  as  he  required  it,  so  long  tf 
water  was  available.  The  only  canal  from  which  water  was  sold  until 
within  the  last  few  years  was  the  Kern  Island  Canal. 

The  plan  of  apportionment  of  water  in  the  case  of  the  Beaidsl^ 
and  the  other  canals  owned  by  joint  stock  companies,  stock  being  beld 
by  landowners,  gave  to  each  stockholder  a  part  of  the  water  in  tin! 
canal  proportional  to  the  amount  of  stock  owned,  but  the  distribatioo 
was  based  on  approximation,  without  attempting  measurement  of  ^ 
water  delivered. 
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The  allotment  of  water  to  the  irrigators  from  the  Eern  Biver  canals 
is  in  charge  of  canal  superintendents,  who  are  assisted  by  ditch  tenders, 
locally  called  '^  zanjeros.''  The  canals  are  inspected  daily,  and  the  water 
applied  for  by  irrigators  is  delivered  into  their  irrigating  ditches. 
Water  is  sold  by  measurement,  being  delivered  through  measuring 
boxes. 

Before  1875  water  was  furnished  free  of  charge  from  the  Kern  Island 
Canal  to  irrigators,  in  order  to  encourage  its  use.  During  the  years 
1875  to  1877  it  was  sold  at  1^  cents  per  24- hour  inch  (miner's  inch,  sup- 
posed to  be  under  4  inch  pressure,  equivalent  to  about  0.02  second-foot), 
aggregating  about  $1.50  per  acre  per  annum,  as  then  used  for  the  vari- 
ous crops  cultivated.  In  1878  the  rate  was  increased  to  1^  cents  ()er 
24-hoar  inch.  In  1879  the  Kern  Island  Canal  Company  charged  the 
following  rates  for  water: 

For  general  farming :  April  to  November  (inclusive),  1^  cents  per 
inch  under  a  4>inch  pressure,  for  twenty-four  hours.  December  to  March 
(inclusive),  1  cent  per  24hour  inch. 

For  market  gardens:  For  12-inch  stream  and  upward  for  not  less 
tlian  one  half  month,  2  cents  per  inch  per  day  of  twenty- four  hours. 
For  48-inch  stream  and  upward  for  one  day  or  more,  2  cents  per  inch 
per  day  of  twenty- four  hours. 

For  house  lots  and  gardens :  12  inches  for  one  day  of  twelve  hours,  or 
24  inches  for  one-balf  day  of  six  hours,  $1;  12  inches  for  one  night  of 
twelve  hours,  75  cents;  12  inches  for  one-half  day  of  six  hours,  or  24 
inches  for  three  hours,  75  cents;  24  inches  for  one  day  of  twelve  hours, 
#1.50;  24  inches  for  one  night,  $1.25;  24  inches  for  one  hour,  50  cents. 
The  prices  now  charged  vary  somewhat  for  the  different  canals,  being 
ft<^usted  according  to  operating  expenses.  They  range  from  about  30 
to  75  cents  per  second-foot  for  twenty-four  hours,  and  in  exceptional 
<^ases  have  been  below  the  lowest  rate  named. 

The  original  measuring  ^ox  was  so  constructed  that  a  uniform  head, 
^ver  an  aperture  which  could  be  adjusted  to  the  number  of  inches 
^Ued  for,  could  be  maintained.  The  area  of  the  aperture  was  con- 
^lled  by  means  of  a  horizontal  sliding  board.  It  was  4  inches  in 
height,  and  the  surface  of  water  above  the  aperture  was  maintained  at 
^inches  above  its  top.  Water  had  an  unobstructed  outfall  through 
*he  aperture. 

This  gate  was  superseded  by  a  well-constructed  overfall  weir.  Water 
^^  admitted  to  a  chamber  above  the  weir  by  means  of  a  gate  which 
^ords  control  of  the  water  elevation.  The  depth  of  overfall  is  deter- 
^ued  by  measurements  to  the  water  surface  above  tbe  weir  from  a 
^refully  set  "level-board."  The  cubic  foot  per  second,  or  second- foot, 
^^  recently  been  substituted  for  the  inch  as  the  unit  of  measurement, 
'^t  the  present  time  gates  with  submerged  orifice  are  preferred  and  are 
^ming  into  general  use. 
IBB  17 6 
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On  the  South  Fork  Canal  no  system  of  measurement  hBa  been  intro- 
duced. £ach  consumer  takes  what  he  requires  when  there  is  an 
abundant  flow  in  the  canal.  When  water  becomes  scarce,  a  canal 
superintendent  is  employed  to  apportion  the  water  to  the  canal  stock- 
holders. 

The  same  lack  of  system  in  water  measurement  prevailed  for  a  long 
time  on  the  Pioneer,  the  Beardsley,  and  many  other  cauals  before  they 
passed  entirely  into  the  ownership  or  under  the  control  of  the  large 
water  corporations. 


METHODS  OF  IRRIGATING  AND  DUTY  OF  WATER. 

Alfalfa  and  cereals  are  still  the  principal  crops  irrigated  with  Eem 
Eiver  water,  although  during  a  few  years  orchard  and  vineyard  aretf 
increased  rapidly  ia  the  colony  tracts  north  of  the  river.  The  devaDd 
for  water  for  the  large  areas  represented  by  the  alfalfa  and  wheat  fieldi 
has  led  to  special  effort  to  minimize  the  expense  of  applying  water  to 
the  soil.  The  system  of  wetting  the  soil  for  these  crops  is  generally  by 
flooding,  which  is  accomplished  in  various  ways.  The  most  primitife 
system,  rapidly  falling  into  disuse,  is  that  of  spreading  water  over  die 
surface  from  small  temporary  ditches,  sometimes  mere  plow  furrowii 
located  on  high  ground,  and  controlling  the  overflow  from  these.  SkiD 
is  required  to  cover  the  whole  surface  with  water;  the  progress  of  irri- 
gation is  slow  and  the  system  is  expensive  because  much  labor  is  reqiiii«d 
to  control  the  water.  The  only  advantage  of  this  system  is  that  ita 
first  cost  is  small. 

Irrigation  by  flooding  in  rectangular  checks  is  confined  to  oocasioDal 
orchards  and  vineyards  and  small  tracts  of  alfalfa.  The  t^yotd 
method  of  applying  water  is  by  flooding  in  contour  checks.  Low,  flat 
embankments,  generally  1^  feet  in  height,  rarely  2  feet,  are  thrown  oft 
which  closely  follow  contour  lines,  and  the  spaces  between  these  are 
divided  into  compartments  or  checks  by  means  of  cross  levees.  The 
areas  of  these  checks  range  from  less  than  1  acre  to  60  acres.  Whea  a 
tract  of  laud  checked  in  this  way  is  to  be  irrigated,  water  is  admitted 
to  the  highest  checks  first,  and  as  soon  as  the  flooding  of  a  higheBt 
check  is  complete  its  water  is  drawn  oft'  through  suitable  gates  to  the 
one  next  below,  into  which  the  irrigating  stream  is  turned  at  the  same 
time. 

The  labor  attached  to  this  system  of  irrigation  is  much  less  Oi» 
that  required  by  the  method  of  wild  flooding,  but  the  first  cost  of  pre- 
paring land  is  considerable.  The  cost  of  land  preparation  will  of  eoone 
depend  upon  the  smoothness  of  the  surface  and  its  slope;  also  apoo 
the  character  of  the  levees  between  compartments.  The  bestfonaof 
these  levees  has  a  base  16  to  24  feet  in  width  and  slopes  so  flat  tlia^ 
any  kind  of  farming  implement  may  cross  them  in  any  direction. 
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The  following  exam  pie  of  cost  of  land  preparation  and  dit»hing  under 
the  GaUoway  Canal  has  been  taken  from  notes  by  Mr.  James  D. 
3chayler:' 

The  average  oost  per  acre  of  5,956  acres  prepared  in  this  way  was  as  foUows : 
Earthwork,  $1.64;  waste  or  drainage  gates,  ^.51;  total,  $2.15.  The  average  cost  of 
lateral  canals,  inolnding  necessary  regulators  and  side  gates  to  sapply  the  land,  was 
H  per  acre,  making  the  total  cost  of  preparation  of  groaud  $6.15  per  acre. 

These  check  levees  are  built  upon  1-foot  contours  with  about  20  feet  base;  the 
ateral  canals  are  from  one-fourth  to  one-half  mile  apart,  and  the  checks  range 
xom  ten  to  fifty  acres  in  area.  From  15  to  20  miles  of  check  levees  are  required  per 
kqnare  mile  of  land,  and  a  mile  of  levee  contains  3,060  cubic  yards.  The  soil  is  a 
tandy  loam,  easily  worked,  and  the  cost  of  preparation  shown  above  is  probably 
ess  than  the  average  cost  of  such  works  elsewhere. 

The  laterals  can  supply  water  to  the  checks  between  them  at  a  rate 
l^aerally  between  100  and  200  second- feet,  the  amoant  of  water  ordi- 
larily  admitted  at  one  time  into  a  check  being  about  50  to  70  second- 
ieet  from  each  of  the  laterals  between  which  it  lies.  The  contours  on 
rhich  the  levees  are  constructed  are  from  0.5  to  1  foot  apart  in  vertical 
levation.  One  foot  was  first  adopted  as  the  vertical  distance  between 
(ontoaxs,  but  experience  has  proved  it  to  be  better  to  reduce  this  dis- 
mnee,  thereby  making  the  water  more  controllable  aud  at  the  same 
ime  reducing  the  area  of  the  checks. 

In  filling  large  checks  water  stands  long  on  the  lowest  ground.  It  is 
(UBtomary  to  draw  it  off  into  the  next  check  as  soon  as  the  whole  sur- 
ace  is  submerged.  But  it  is  found  that  the  portion  of  the  check  sub- 
merged for  the  shortest  period  of  time  produces  a  crop  equally  as  good 
A  that  from  any  other  portion.  All  percolation  in  localities  where 
rater  stood  more  than  the  minimum  time  allowed  for  the  high  places 
9  therefore  a  waste  of  water.  This  waste  in  large  checks  is  frequently 
o  ^eat  that  a  check  can  hardly  be  filled,  as  water  is  lost  by  percolation 
Imost  as  fast  as  supplied.  Economy  of  time  and  water  would  there- 
ore  seem  to  demand  checks  smaller  than  those  in  common  use  at  present 
o  the  north  of  Keru  Biver,  where  the  average  area  of  checks  is  about 
kto  10  acres.  Moreover,  the  use  of  lower  check  levees  reduces  the 
abstractions  offered  by  the  check  system  to  farming  operations. 

It  can  be  shown  by  mathematical  demonstration  that  there  is  con- 
dderable  loss  of  water  and  of  time  when  porous  soils  are  irrigated  in 
arge  checks,  but  an  example  will  suffice. 

The  irrigation  of  a  60-acre  check  of  alfalfa  with  water  from  the  Gal- 
loway Canal  commenced  at  5  o'clock  p.  m.  on  May  12, 1885.  All  parts 
)f  the  check  were  covered  and  irrigation  was  complete  about  8  a.  m. 
m  the  following  day.  No  accidents  causing  loss  of  water  had  occurred. 
The  amount  of  water  entering  the  check  was  stated  to  have  been  about 
•50  second-feet  (one-half  the  amount  then  flowing  in  the  Calloway 
^anal).  This  is  presumed  to  be  an  overestimate,  and  it  will  be  safe  to 
lay  that  at  least  the  maximum  amount  ordinarily  delivered  from  two 

'  £ept  State  Engineer  of  Califoiiiia,  1880,  Fart  IV,  App.,  p.  85. 
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laterals  was  entering  the  check.    This  amount  would  be  about  150 
second  feet. 

Daring  the  time  required  to  accomplish  the  irrigation  of  these  60 
acres  the  amoant  of  water  entering  the  check  was  sufficient  to  have 
covered  it  to  a  depth  of  over  3  feet,  while  the  amount  in  the  check 
when  its  irrigation  was  complete,  and  which  was  in  part  available  for 
irrigation  in  lower  checks,  had  an  average  depth  of  about  0.75  foot 
The  total  amount  absorbed  was  therefore  over  2.25  feet,  and  it  most  be 
presumed  that  much  more  water  sank  into  the  ground  in  those  parts  of 
the  check  which  were  lowest  and  had  water  standing  on  them  fLfteen 
hours  than  in  those  parts  which  were  highest  and  were  submerged  only 
from  two  to  three  hours. 

For  economic  irrigation  the  volume  of  water  applied  and  the  areas 
of  the  checks  should  be  so  adjusted  that  no  portion  of  the  check  will 
be  under  water  more  than  twice  as  long  as  the  period  of  desirable  inun- 
dation. In  porous  soils  the  full  head  of  water  can  generally  be  allowed 
to  flow  into  a  check  until  irrigation  is  complete.  In  heavy  soils  there 
is  less  danger  of  excessive  waste,  absorption  by  the  soil  is  less  rapid, 
and  the  head  of  water  may  be  reduced  as  soon  as  the  whole  surface  of 
the  check  is  submerged.  A  rapid  delivery  of  the  surplus  water  from 
an  irrigated  check  into  the  one  next  below  it  is  essential  to  eoonomie 
irrigation  by  the  contour-check  method. 

Irrigation  from  the  Calloway  Oanal  in  May,  1885,  was  progressing  at 
the  rate  of  200  to  400  acres  per  day.  The  flow  of  the  canal  was  450  to 
475  second-feet.  In  other  words,  the  irrigated  tracts  were  recelTing 
water  at  the  enormous  gross  rate  of  130,000  cubic  feet  per  acre,  equiv- 
alent to  an  average  depth  of  about  3  feet  over  all  lands  irrigated. 

A  new  system  of  irrigation  by  flooding  has  recently  been  tried  on 
some  of  the  land  commanded  by  the  Calloway  Canal.    This  system 
consists  in  the  construction  of  parallel  levees  which  follow  lines  of 
greatest  slope  at  short  intervals.    These  levees  are  low,  not  over  1 
foot  high,  and  are  placed  50  to  200  feet  apart.    There  is  between  each 
two  a  long,  narrow  strip  of  land,  crossed  at  intervals  by  a  levee  at  right 
angles  to  the  embankment  on  each  side.    These  cross  levees  have  along 
their  bases  distributiug  ditches  with  gates  on  their  lower  sides,  bo 
arranged  that  water  can  be  admitted  into  the  compartment  between 
the  levees  lying  next  below.    Flooding  is  accomplished  by  admitting 
water  in  large  quantities  to  a  compartment  at  its  upper  end  and  allow- 
ing it  to  flow  in  a  broad,  shallow  sheet  to  the  lower  end.    Water  not 
absorbed  in  thus  passing  through  a  check  is  collected  at  the  apperbase 
of  the  lower  cross  levee  and  is  allowed  to  find  its  way  back  into  tb« 
distributing  canals  for  use  at  points  below.    Only  land  with  a  smooth 
surface  and  of  very  slight  slope  can  be  irrigated  in  this  way.   Th^ 
system  is  better  adapted  for  alfalfa  fields  than  for  grain  land,  becao^ 
in  the  former  the  surface  of  the  soil  is  more  compact  and  the  plants 
offer  more  resistance  to  the  flowing  water. 
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The  following  examples  of  irrigation,  illustrating  the  duty  of  water, 
are  in  part  taken  from  Mr.  James  D.  Schuyler's  report  to  the  State 
engineer  in  1880.'  The  latter  ones  are  from  unpublished  data  collected 
and  prepared  for  the  use  of  the  State  engineer  in  his  final  publication, 
which  has  not  been  issued. 

In  the  following  table  the  quantity  of  water  used  by  some  Chinese 
vegetable  gardeners  in  1879  from  the  Kern  Island  Canal,  near  Bakers- 
field,  is  noted.    The  data  on  which  the  table  is  based  are  reliable. 

Quantity  of  water  used  hff  gardener$  in  1879  from  the  Kern  leland  Canalf  near  Bakerafield, 


Name  of  irrigator. 


Sin  Man.. 
Ah  Cow.. 
Ah  Gee  .. 
Ah  Song  . 
Ah  Lung. 
Sing  Lee. 


Average 

Area  of 
land  irri- 
gated. 

Total  water 
used. 

depth  of 
water 

080(1  on 
land. 

Coat  of 

wat^r  per 

acre. 

Aert*. 

Oubie/eet, 

Feet. 

30.0 

5,320,800 

4.07 

$1.97 

.8 

1,331,840 

38.20 

20.00 

SO.O 

6.375,600 

3.00 

1.42 

3.2 

2,751,200 

19.70 

10.00 

3.2 

2.322,432 

17.00 

6.17 

10.0 

1,658,880 

8.80 

1.92 

Period  of  irrigation. 


Deo.,  Feb.  to  Jane  (inol.). 
Feb.,  Mar.  to  June  (incl.). 
Jan.,  Mar.  to  Jane  (inol.). 
Jan.  to  Jane  (incl.)* 
Feb.  to  June  (incl.). 
Apr.  to  June  (inol.). 


The  smaller  of  the  gardens  irrigated  have  a  stream  of  6  to  12  inches 
(0.12  to  0/24  second-foot)  running  continuously,  day  and  night. 

On  sees.  1  and  2,  T.  30  S.,  R.  27  E.,  2  miles  south  and  west  of  Bakers- 
field,  along  Panama  Slough,  where  the  land  receives  the  percolation  of 
several  channels,  natural  and  artificial^  a  field  of  50  acres  of  alfalfa  is 
irrigated  in  six  days  and  nights  with  a  stream  equal  to  1^  second-feet^ 
and  an  orchard  of  20  acres  is  irrigated  in  two  days  and  one  night  with 
the  same  amount.  The  discharge  would  be  equivalent  to  a  depth  of 
0.36  and  0.37  foot,  respectively,  over  the  land  irrigated.  The  soil  is  an 
alluvial  loam.  The  orchard  is  irrigated  once  a  month,  and  the  alfalfa 
field  once  or  twice  a  year,  or  more,  when  it  is  used  as  a  pasture. 

SE.  i  sec.  30,  6^  miles  south  of  Bakersfield,  was  irrigated  first  in 
1878.  Four  acres  can  be  irrigated  in  twenty-four  hours  with  7  second- 
feet.  Allowing  a  loss  of  1  second-foot  in  transit  from  canal  to  lands, 
this  amount  would  be  equal  to  a  depth  of  3  feet  over  the  whole  area. 
The  soil  is  a  sandy  loam.  Surface  water  is  at  a  depth  of  6  feet,  rising 
to  3  feet  after  irrigation  and  subsiding  again.  The  crops  irrigated  are 
wheat,  barley,  beans,  sweet  potatoes,  alfalfa,  and  orchard  and  small 
fruits.  The  water  used  in  1878  cost  $1.03  per  acre,  and  in  1879  it  cost 
81  cents  per  acre. 

On  SW.  ^  sec.  31, 7^  miles  south  of  Bakersfield,  a  first  irrigation  of  40 
acres  in  May  and  June,  1879,  was  effected  with  1,209,600  cubic  feet  of 
water,  equivalent  to  a  depth  of  0.7  foot  over  the  whole  area.  The  land 
was  thoroughly  soaked  in  the  spring  by  a  break  in  the  canal,  and 
received  the  benefit  of  constant  percolation.    Cost  per  acre  of  the  only 
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irrigation  given  was  25  cents.    The  soil  is  a  sandy  loam  containing 
decayed  vegetable  matter.    Crops,  cereals. 

On  sec.  32, 7^  miles  sonth  of  Bakersfield,  from  July  23  to  29^  inclasive, 
six  days,  40  acres  were  thoroughly  saturated  with  a  discharge  of  7.73 
second-feet,  equivalent  to  a  depth  of  2.3  feet  over  the  whole  area.  The 
kknd  had  been  irrigated  but  once  before  this  season — the  first  week  of 
May.  It  was  dry  to  a  depth  of  G  inches,  while  surface  water  stood  at 
a  depth  of  3.75  feet  below  surface.  The  land  was  first  irrigated  in  the 
spring  of  1878,  when  surface  water  stood  at  a  depth  of  17.5  feet.  After 
first  irrigation  it  rose  to  12  feet;  after  first  irrigation  in  1979  it  rose  to 
3.75  feet,  where  it  remains.  The  soil  is  an  alluvial  sandy  loam,  mixed 
with  partially  decayed  tule  roots  to  a  depth  of  17  feet,  and  underlain 
by  a  stratum  of  clay  12  to  14  inches  thick.  The  crops  are  wheat,  barley, 
i^falfa,  and  corn.  The  average  number  of  irrigations  during  the  season 
is  about  one  and  a  half.  The  average  cost  of  water  per  acre  is  70 
cents.  The  average  cost  of  labor  (Chinese)  per  irrigation  is  8  to  10 
cents.  A  part  of  the  land  is  irrigated  by  the  check  system,  and  apart 
by  the  small  ditch  or  wild  flooding  system. 

On  sec.  5,  T.  31  S.,  B.  28  E.,  8^  miles  from  Bakersfield,  adjoining  the 
last-named  section,  with  similar  soil,  and  cultivated  the  same  length  of 
time,  a  record  was  kept  of  the  quantity  of  water  used  for  the  second 
irrigation  of  a  tract  of  150  acres  of  corn.  The  total  discharge  in  twenty- 
one  days  was  16,004,736  cubic  feet,  sufficient  to  have  covered  thi^  land 
to  a  depth  of  2.45  feet.  The  land  had  been  irrigated  in  February  or 
March  for  wheat,  but  it  was  so  late  that  only  weeds  sprouted.  In  June 
the  land  was  irrigated  again  to  prepare  it  for  corn,  and  the  last  irriga- 
tion noted  above  was  from  July  23  to  August  12.  The  total  cost  of 
labor  employed  for  the  last  irrigation  of  corn  was  $80.50,  or  53.67  cents 
per  acre.  The  total  cost  for  water  and  labor  was  $1.20  per  aere.  The 
total  cost  of  water  used  on  the  section  during  the  season  for  350  acres 
of  wheat  and  150  acres  of  corn  was  $452.32,  or  90.5  cents  per  acre. 

On  sec.  7,  T.  31  S.,  B.  28  £.,  the  first  irrigation  of  50  acres  of  corn  (the 
land  having  been  wet  before  plowing  in  May)  was  accomplished  in  ten 
days— July  21  to  30 — with  an  average  discharge  of  7.2  second  feet, 
equivalent  to  a  depth  of  2.86  feet  over  the  whole  area.  The  total  cost 
for  water  was  31  cents  per  acre.  The  total  cost  of  water  for  the  season 
for  irrigation  of  90  acres  of  wheat  and  barley,  50  acres  of  corn,  and  70 
acres  of  alfalfa  was  55  cents  per  acre.  The  soil  was  in  part  black,  stiff 
loam,  almost  adobe  in  texture,  in  part  loam  mixed  with  sand,  and  in 
part  coarse  sand  underlain  by  quicksand.  Most  of  the  land  under 
cultivation  was  irrigated  this  year  for  the  first  time.  The  ranch  could 
nearly  all  be  subirrigated,  but  the  owner  preferred  the  small  ditch  sys- 
tem. He  thinks  that  next  year  his  land  will  absorb  not  more  than 
one-half  the  water  it  has  this  year. 

On  sees.  21,  28,  and  33,  T.  31  S.,  B.  28  E.,  and  sec.  4,  T.  32  S.,  B.  28 
E.,  12  miles  from  Bakersfield,  in  the  vicinity  of  Kern  Lake,  800  acres 
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of  wheat,  corn,  and  alfalfa  were  irrigated  once,  250  acres  irrigated 
twice,  and  100  acres  three  times.  The  entire  acreage  required  a  total  of 
66,450,000  cnbic  feet  of  water  daring  the  season — eqaivalent  to  a  depth 
of  1.33  feet  at  each  irrigation.  The  average  cost  of  water  was  50  cents 
X>er  acre  for  the  season.  The  soil  is  a  stiff,  black  loam,  1  to  2^  feet  thick, 
nnderlain  by  yellow  clay  2  to  4  feet  thick,  beneath  which  surface  water 
IS  abandaut  in  a  stratum  of  sand.  Moisture  is  also  found  above  the 
clay,  maintained  by  drainage  of  lands  above. 

On  sec.  4,  T.  31  S.,  R.  27  B.,  in  one  experiment  3 J  acres,  prepared  with 
care,  leveled,  and  checked  with  proper  levees,  were  covered  in  fifteen 
honrs  with  an  average  discharge  of  2§  second-feet,  eqaivalent  to  a 
depth  of  0.87  foot  over  the  whole  area.  The  land  lies  adjacent  to 
Panama  81ough,  from  which  it  receives  moisture  by  percolation.  The 
soil  is  a  sandy  loam  of  considerable  depth.  The  surface  water  is  8  feet 
below  the  surface.    Tlie  land  had  been  irrigated  four  or  five  years. 

At  Livermore  Ranch  (Greenfields),  sees.  18, 20, 29, 30, 31, 32,  T.  31  S., 
R.  29  E.,  and  sec.  5,  T.  32  S.,  R.  29  E.,  the  average  number  of  water- 
ings required  is  IJ — one  general  irrigation  and  a  second  irrigation  on 
^e  drier  spots.  The  average  cost  per  acre  for  labor  of  irrigation  is  12 
to  15  cents.  The  average  cost  for  the  season  for  labor  and  water  is 
$1.50  per  acre.  The  water  was  shut  off  from  March  17  till  May  15, 
causing  the  failure  of  300  acres  of  barley  and  600  acres  of  wheat  that 
bad  been  sown.  No  data  could  be  obtained  as  to  the  quantity  of  water 
used  x>er  acre.  The  ranch  being  at  the  terminus  of  the  main  canal  and 
the  central  branch,  the  supply  fluctuates  according  to  the  demands  from 
tlie  lands  above. 

Mr.  Schuyler  says:  '< These  examples  are  all  taken  firom  lands 
T^uiring  comparatively  little  water,  as  they  are  all  subject  to  i)ercola- 
tion  from  numerous  sources.  Most  of  the  lands  referred  to  are  irri- 
gated from  the  Kern  Island  ('anal.  This  being  the  only  canal  in  the 
eOQnty  from  which  water  is  sold  by  measurement,  the  data  afforded 
^garding  the  cost  of  irrigation  and  tlie  quantity  consumed  are  more 
definite  and  reliable  than  any  that  could  be  obtained  elsewhere." 

A  few  other  examples  may  be  given  as  approximately  correct  to  illus- 
trate the  thirstiness  of  other  classes  of  soils. 

On  Bellevue  Ranch,  T.  30  S.,  R.  27  E.,  no  exact  data  as  to  volume  of 
water  used  could  be  obtained.  The  average  number  of  irrigations 
required  for  cereals  is  two  to  three,  one  being  sometimes  sufficient  in 
seasons  of  favorable  rainfall.  For  alfalfa  three  or  four  irngations  are 
generally  needed;  for  corn  two  are  sufficient.  The  soil  is  sandy,  with 
streaks  of  heavy  loam  marking  the  course  of  old  sloughs. 

On  McGlung  Ranch,  sees.  3,  4,  and  5,  T.  30  S.,  R.  26  E.,  and  sec.  1  in 
township  adjoining,  the  first  year  of  irrigation  (1874)  a  ditch,  de- 
scribed as  ^'12  feet  wide  on  bottom,  2  feet  deep,  with  a  good  average 
flow,^'  was  discharged  for  seven  months  upon  100  acres  before  the  land 
was  saturated.    If  this  be  true,  such  a  ditch,  with  side  slopes  1  to  1  and 
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grade  of,  say,  2  feet  per  mile,  would  have  discharged  enough  water  in 
that  time  to  cover  the  land  166  feet  deep.    The  water  was,  of  coarse, 
not  confined  to  the  immediate  neighborhood  of  the  tract  upon  which  it 
was  discharged,  but  spread  for  miles  in  underground  channels,  filling 
up  the  loose  porous  soil  to  a  depth  of  several  feet.    The  average  head 
of  water  which  one  man  can  conveniently  handle  in  irrigating  ou  the 
McGlung  Ranch  is  what  will  pass  through  a  gate  4  feet  wide  with  a 
depth  of  overfall  of ^  about  1  foot,  equivalent  to  about  13  second-feet, 
and  with  this  from  1  to  6  acres  per  day  (of  twelve  hours)  can  be  irri- 
gated.   This  discharge  is  sufficient  to  cover  the  land  from  2  to  13  feet 
deep.    The  land  has  been  irrigated  from  three  to  four  years,  and  absorbs 
a  trifle  less  each  year;  but  if  irrigation  be  suspended  for  one  season  the 
surface  moisture  drains  away,  and  the  following  year  much  more  would 
be  required  than  would  have  sufficed  the  previous  year.    This  is  the 
case,  to  a  greater  or  less  extent,  in  all  parts  of  the  valley  of  Kern  Biver. 
On  the  lands  cited  in  this  example  one  thorough  soaking  is  sufficient 
to  produce  a  crop  of  cereals,  with  enough  rainfall  to  sprout  the  grain. 
With  no  rain  two  irrigations  are  required — one  to  prepare  the  land,  the 
other  to  mature  the  crop.    Alfalfa  requires  three  to  four  waterings 
through  the  season  to  maintain  a  vigorous  growth.    The  soil  is  a  coarse 
sand  and  sandy  loam  of  great  depth. 

In  sec.  13,  T.  29  S.,  B.  27  E.,  on  a  strip  of  bottom  land  between  the 
McCord  Canal  and  Galloway  Slough,  80  acres  of  alfalfa  have  been  irri- 
gated in  four  days  and  nights  with  a  discharge  of  about  6  second-feet, 
sufficient  to  have  covered  the  ground  to  a  depth  of  0.6  foot.  The  land 
had  been  irrigated  for  two  or  three  years.  The  soil  is  an  alluvial  loam 
having  an  elevation  of  but  5  or  6  feet  above  the  river,  and  receiving 
constant  moisture  from  below  by  percolation.  The  crop  was  irrigated 
twice  during  the  season  prior  to  August  1. 

On  sec.  14,  T.  29  S.,  B.  27  E.,  with  a  discharge  equal  to  about  2  second- 
feet  2  acres  of  corn  can  be  covered  in  a  day  of  twelve  hours,  equiv- 
alent to  a  depth  of  about  2  feet  over  the  whole  area.  This  example 
was  given  as  the  fourth  and  last  irrigation  of  the  tract  in  the  season, 
the  land  having  been  wet  once  before  seeding  and  three  times  after. 
The  land  had  been  irrigated  several  years.  The  soil  is  a  brown  sandy 
loam  1  to  6  feet  deep,  underlain  by  hardpan  not  wholly  impervious. 

On  sec.  8,  T.  29  S.,  B.  27  E.,  alfalfa  is  said  to  require  irrigation  twice  a 
month.  Wheat  is  irrigated  once  before  and  twice  after  planting. 
Corn  requires  five  irrigations,  the  first  of  which  is  given  before  seed- 
ing, in  May,  the  last  in  the  latter  part  of  July.  The  soil  is  a  sandy 
loam  2  feet  deep,  underlain  by  2  feet  of  yellow  hardpan.  No  data  as 
to  quantity  of  water  required  at  each  irrigation  were  obtained. 

On  sec.  27, T.  28  S.,  B.  26  E.,  the  first  irrigation  was  in  1879.  Wheat 
required  three  or  four  irrigations,  one  prior  to  sowing.  The  land  was 
irrigated  by  the  check  system,  by  which  two  men  could  water  160  acres 
in  four  days,  at  a  cost  of  about  10  cents  per  acre  per  irrigation  for 


OBUKBKY.]  DUTY   OF   WATER   ON   KERN   RIVER.  73 

labor.  The  soil  is  similar  iu  character  to  that  cited  in  the  foregoing 
example. 

At  Poso  Ranch,  sec.  9,  T.  27  S.,  E.  25  E..  a  test  was  attempted  to  ascer- 
tain, if  possible,  the  quantity  of  water  absorbed  by  the  desert  lands 
on  the  plains  north  of  Kern  River,  now  supplied  by  the  Calloway  Canal. 
A  check  containing  3f  acres  was  prepared  and  water  was  admitted  in  as 
great  quantity  as  was  expedient  for  the  safety  of  the  newly  built  banks 
about  the  gates.  An  hourly  record  of  the  head  was  kept,  the  discharge 
being  from  4  to  9  second-feet.  Eleven  hours  were  required  to  fill  the 
check  sufficiently  to  barely  cover  the  highest  ground,  when  the  water 
was  shut  off.  Next  morning  all  the  water  had  soaked  away.  The 
quantity  discharged  was  sufficient  to  have  covered  the  whole  area  to  a 
depth  of  1.75  feet.  A  portion  of  the  area  doubtless  absorbed  five  times 
as  much  as  the  higher  spots,  as  the  percolation  seemed  to  be  entirely 
downward,  and  not  in  a  lateral  direction.  Three  weeks  later  the  check 
was  filled  in  four  hours  and  twelve  minutes,  with  an  average  discharge 
of  13.35  second-feet,  the  ground  being  covered  to  an  average  depth  of 
1.25  feet.  Some  time  between  these  two  experiments  the  land  was 
flooded  by  the  breaking  of  a  check  above.  The  total  quantity  absorbed 
by  the  three  waterings  was  probably  not  less  than  4  to  5  feet.  The  soil 
is  a  brown  sandy  loam,  of  unknown  depth,  but  probably  gi'eater  than 
20  feet  to  hardpan. 

All  of  the  above  examples,  iliastrating  at  once  the  practice  of  irriga- 
tion and  the  amount  of  water  required,  are  the  result  of  inquiries  and 
experiments  made  in  1879.    To  these  the  following  can  now  be  added. 

On  sec.  30,  T.  30  8.,  B.  28  E.,  in  August,  1881,  water  from  the  Kern 
Island  Canal  was  used  for  five  days  to  the  extent  of  3.03  second-feet 
for  the  irrigation  of  30  acres  of  corn.  The  amount  of  water  was  equiv- 
alent to  1.21  feet  over  the  entire  area.  The  water  was  applied  by  the 
furrow  system  of  irrigation.  The  soil  is  very  variable,  generally  light 
and  loamy.  Its  character  ranges  from  pure  sand  to  black  adobe.  Soil 
water  is  at  a  depth  of  8  or  9  feet. 

On  the  same  section  as  the  last,  60  to  70  acres  of  wheat  were  irrigated 
by  flooding  in  checks  lying  between  contour  lines.  The  surface  of  the 
ground  is  smooth  but  not  level.  Water  was  used  for  eleven  days 
in  December,  January,  and  February,  at  the  rate  of  3.61  second-feet, 
equivalent  to  a  depth  of  1.21  feet  over  the  whole  surface.  It  was  again 
used  for  eight  days  in  March,  at  the  rate  of  3.26  second-feet,  equivalent 
to  a  depth  of  0.97  feet  over  the  entire  surface.  The  ground  received 
another  irrigation  between  April  1  to  5,  four  days  in  all;  water  was 
used  at  the  rate  of  5.20  second-feet,  and  the  equivalent  average  depth  of 
water  over  the  entire  surface  was  1.37  feet.  The  whole  amount  of  water 
consumed  in  the  irrigation  of  the  wheat  was  therefore  equivalent  to  an 
average  depth  of  4.18  feet  of  water  over  all.  Alfalfa  was  irrigated  on 
the  same  section  to  the  extent  of  50  to  60  acres.  The  water  used  for  it 
prior  to  the  end  of  May,  1882,  was  5.20  second-feet  for  fourteen  days  in 
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Mftrch,  and  7.36  second-feet  for  fifteen  days  in  May.  The  amonnt  of 
water  whicb  the  alfalfa  field  received  in  these  two  irrigations  was 
equivalent  to  a  depth  of  6.61  feet.  It  was  proposed  to  give  it,  and 
it  probably  received,  two  more  irrigations  subsequent  to  the  two  here 
noted. 

Sec.  31,  T.  30  S.,  B.  28  E.,  has  a  loamy  soil  which  does  not  crack  er 
bake  in  drying,  contains  a  small  excess  of  alkali,  and  ranges  in  tei- 
tnre  from  sand  to  black  adobe.  In  1881  wheat  to  the  extent  of  125 
acres  was  irrigated  by  flooding  in  checks.  The  surface  of  the  ground 
is  smooth  but  not  level.  The  ground  was  wet  before  plowing  in  Janu- 
ary. The  amount  of  water  it  received  at  that  time  was  equivalent  to  a 
layer  5.01  feet  thick.  It  received  a  subsequent  irrigation  equivalent 
to  a  depth  of  0.69  foot  of  water.  The  total  average  depth  of  water 
delivered  to  the  land  was  therefore  5.70  feet. 

On  the  same  section,  in  1882,  a  wheat  field  of  350  acres  was  supplied 
with  water  for  sixteen  days  in  the  first  part  of  January.  Water  was 
used  at  the  rate  of  3.26  second-feet,  equivalent  to  an  average  depth  of 
0.30  foot.  It  received  water  again,  at  the  rate  of  7.41  second  feet,  from 
April  1  for  seventeen  days,  equivalent  to  0.76  fioot  in  depth  over  the 
whole  area.  For  fourteen  days,  from  April  25  to  May  8,  it  again 
received  water,  at  the  rate  of  8.60  second-feet,  equivalent  to  a  depth  of 
0.66  foot  over  the  whole  area.  The  aggregate  average  depth  of  water 
received  by  this  whole  tract  in  1882  was  therefore  1.72  feet. 

On  sec.  6,  T.  31  S.,  B.  28  E.,  having  soil  of  the  same  character  as  that 
described  above  for  sec.  31, 120  acres  of  com  land  were  irrigated,  firom 
April  18  to  24,  in  1882.  This  irrigation  was  prepuratory  to  the  planting, 
and  was  equivalent  to  a  depth  of  0.78  foot  over  the  whole  surface  of  the 
land.    The  corn  received  one  more  irrigation. 

On  sec.  32,  T.  30  S.,  E.  28  E.,  whose  soil  is  mostly  a  sandy  loam,  hnt 
ranges  irom  pure  sand  to  a  dark  vegetable  loam,  130  acres  of  wheal 
were  irrigated  in  March  and  April,  1881.  The  head  of  water  used  was 
9.91  second-feet.  The  depth  to  which  it  would  have  covered  the  ground 
averaged  2.34  feet.    Ground  water  is  at  about  17  feet  below  the  surfiiee. 

On  the  same  section,  in  May,  June,  and  July,  1881,  80  acres  of  eom 
received  water  to  the  extent  of  an  average  depth  over  all  of  6.35  feet 
The  head  of  water  was  9.91  second-feet.  On  the  same  section  a  6>acre 
orchard  was  irrigated  in  August  and  September,  1881,  and  re(»ived 
water  enough  to  cover  the  6  acres  4.53  feet  deep.  The  water  used  was 
4.56  second-feet.  On  the  same  section,  in  March,  1882,  an  old  alfalfo 
field  of  100  acres  was  irrigated  and  absorbed  water  equivalent  to  a 
depth  of  2.52  feet.  The  head  of  water  used  was  12.10  second-feet  On 
the  same  section,  in  March,  1882.  newly  sown  alfalfiet  was  irrigated;  its 
area  was  120  acres.  It  received  water  at  the  rate  of  12.10  seeond-iM' 
The  total  amount  of  water  it  received  was  equivalent  to  a  depth  of  2^.^^ 
feet  over  the  whole  area.    It  was  again  irrigated  in  May,  receivitig  S.W 
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second-feet  for  eight  days,  or  aufficient  water  to  cover  it  0.98  foot  deep. 
It  was  pFox>osed  to  give  tbe  newly  sown  alfalfa  one  more  irrigation  in 
1882. 

On  sec.  7,  T.  31  S.,  R.  28  B.,  whose  soil  varies  from  a  light  sandy  loam 
to  a  black  sandy  vegetable  mold,  with  groand  water  at  from  4  to  10  feet 
below  the  surface,  300  acres  were  sown  t>o  wheat  in  1882;  alfalfa  was 
sown  with  the  wheat.  The  ground  was  not  irrigated  before  sowing. 
The  irrigation  of  this  tract  commenced  on  February  25  and  was  com- 
pleted on  April  6;  wat«r  was  used  for  forty  one  days  at  the  rate  of  8.21 
second-feet.  The  total  amount  consumed  in  irrigating  the  300  acres 
was  equivalent  to  a  layer  2.22  feet  thick  over  all.  The  wheat  did  not 
require  any  further  irrigation.  The  young  alfalfa  was  irrigated  again 
after  the  wheat  had  been  harvested. 

IRRIGATION  FROM  P080  CREEK. 

Poso  Creek  is  a  small  foothill  stream  just  northward  from  Kern  River, 
which  flows  for  several  months  each  year.  Its  drainage  basin  has  an 
area  of  about  289  square  miles.  The  creek  has  not  been  used  to  any 
considerable  extent  for  irrigation,  because  there  is  but  little  land  that 
can  be  commanded  with  its  water  except  at  considerable  expense,  and 
because  its  brief  irregular  How  did  not  seem  to  justify  works  to  benefit 
large  sections.  It  was  not,  therefore,  until  the  irrigation-district  law 
went  into  effect  that  a  combination  of  interests  led  to  the  projection 
and  partial  execution  of  works  of  considerable  magnitude.  Several 
small  private  ditches  were  in  use  before  the  organization  of  the  Poso 
irrigation  district,  but  no  (complete  list  of  these  is  available.  One  of 
them  is  the  Purcell  Ditch,  which  takes  water  from  the  south  side  of 
Poso  Greek,  about  8  miles  above  Poso.  The  ditch  was  made  12  feet 
wide  and  2  feet  deep,  and  was  in  use  in  1885  for  the  irrigation  of  about 
400  acres  of  alfalfa,  immediately  below  the  head  of  the  ditch  and  adja- 
cent to  the  creek.  Anoi  her  ditch,  on  the  south  side  of  the  creek,  is  the 
Creasey  Ditch,  constructed  in  1885  for  the  irrigation  of  300  acres  of 
land  about  4  miles  above  Poso.  The  head  of  the  ditch  is  about  2  miles 
below  the  head  of  the  Purcell  Ditch.  It  was  made  16  feet  wide  on  the 
bottom.  The  Rhymes  and  Hughes  ditches  are  small  ones,  somewhere 
in  the  foothill  section  drained  by  the  creek,  concerning  which  nothing 
definite  is  known  except  that  they  were  in  use  for  many  years. 

POSO   IBRIGATION  DISTRICT. 

This  district  wfts  organized  in  1888.  Its  bond  issue  is  $600,000.  It 
has  an  area  of  about  40,000  acres,  located  to  the  north  of  Poso  Creek, 
at  the  western  base  of  the  Sierra  Nevada  foothills,  in  Kern  County. 
The  contemplated  works  for  the  irrigation  of  the  district  are  far 
adyanced,  though  not  yet  completed.  Much  work  on  them  was  done  by 
day's  labor  before  it  was  decided  to  be  advantageous  to  let  contracts. 
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Water  for  the  district  lands  ia  to  be  obtained  from  a  system  of  reser- 
voirs in  the  drainage  basin  of  Poao  Greek,  which  are  to  sapplement  the 
creek's  natural  flow.  The  first  reservoir,  now  constructed,  is  formed 
by  means  of  an  earthwork  dam  to  be  raised  to  a  maximum  height  of 
70  feet,  but  now  only  half  finished.  Its  capacity  when  completed  will 
be  about  7,000  acre-feet.  From  it  water  flows  in  the  channel  of  Poso 
Creek  about  7  or  8  miles  to  a  point  where  it  is  diverted  into  a  flume  bj 
means  of  a  granite  dam,  whose  greatest  height  is  about  16  feet.  The 
flume  shown  in  PI.  XIV,  A  and  £,  is  about  3  miles  long  and  delivers 
its  water  into  an  apparently  well-constructed  hillside  ditch  which  has 
a  length  of  about  30  miles  before  reaching  the  district.  Two  other 
flumes  are  in  use  on  the  canal  line  to  carry  the  water  over  deep  ravines. 
The  flumes  have  a  width  of  8  feek  and  are  planned  to  carry  water  4 
feet  deep.  Water  was  sent  through  the  canal  for  the  first  time  this 
season,  but  only  for  the  purpose  of  testing  the  work.  This  upper  dis- 
trict canal  is  supplemented  by  a  lower  canal  which  leaves  the  creds 
about  10  miles  above  Famosa  and  commands  the  western  portion  of 
the  district.  This  lower  canal  is  in  service,  but  irrigation  is  extending 
very  slowly. 

IRRIGATION  FROM  BEER  CREEK. 

Deer  Greek  is  a  small  stream  draining  about  110  square  miles  of  Sierra 
Nevada  foothill  lands  lying  southward  from  the  Tule  fiiver  basin.  It 
flows  into  San  Joaquin  Valley  during  several  months  of  the  year;  rarely, 
however,  as  late  as  July.  Its  water  ordinarily  sinks  within  10  or  12 
miles  of  the  foothills,  but  occasional  freshets  have  sent  it  as  far  as 
Tulare  Lake.  The  summer  flow  of  the  creek,  which  is  very  small,  does 
not  reach  the  San  Joaquin  Valley  lands. 

Yf  infield  Ditch. — This  is  a  small  ditch  on  the  south  side  of  Deer  Creek, 
having  its  head  about  4  miles  above  the  point  where  the  creek  breaks 
out  upon  the  main  valley  plain.  It  was  constructed  in  1858,  is  between 
3  and  4  miles  long  and  3  to  4  feet  wide,  and  supplies  water  to  several 
hundred  acres  of  creek  bottoms.  It  has  been  in  use  continuously  since 
its  construction.  The  entire  low-water  flow  of  the  creek  is  taken  into 
the  ditch. 

Carothers  Ditch. — The  head  of  this  ditch  is  on  the  north  side  of  Deer 
Creek,  about  a  mile  above  the  point  where  the  creek  reaches  the  border 
of  San  Joaquin  Valley.  It  was  constructed  in  1885,  but  takes  its  name 
from  an  older  ditch  (constructed  in  1868)  which  had  for  many  years 
been  out  of  service.  It  has  a  westerly  course,  and  is  about  5  miles  long 
and  4  feet  wide  on  the  bottom. 

Deer  Creek  Consolidated  Ditch  {8ausalito  Ditch). — ^This  is  the  principal 
irrigation  work  on  Deer  Greek.  The  head  of  the  ditch  is  on  the  soutb 
side  of  Deer  Creek,  about  12  miles  in  a  direct  line  above  Belleville  and 
about  3  miles  below  the  head  of  Carothers  Ditch.    The  ditch  is  carried 
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TUXiE  RIVER. 
HYDROGRAPHY. 

Tule  Biver  eaters  Sau  Joaquin  Valley  at  Porterville,  with  a  drainage 
area  above  that  point  of  437  square  miles.  The  river  has  a  perennial 
flow  throughout  its  mountain  and  foothill  portions,  but  not  at  poind 
below  Porterville,  near  wh^re  the  last  remnant  of  its  water  dariDf 
very  low  stages  sinks  into  its  sundy  bed.  During  the  months  of  May 
and  June  the  flow  of  the  river,  as  estimated  for  the  six  years,  1878  to 
1884,  was  over  1,000  second-feet.  Its  mean  flow  for  that  entire  period 
was  about  450  second-feet.  From  November  to  January  the  mean  flof 
was  130  secoud-feet.  It  was  636  second-feet  from  February  to  April, 
941  second-feet  from  May  to  July,  and  139  second-feet  irom  Augost  to 
October.^ 

Below  Porterville  this  water  flows  in  several  channels,  one  of  vhiebt 
Porter  Slough,  has  its  head  on  the  north  side  of  Tule  River,  about  3 
miles  above  Porterville.  The  water  not  in  this  slough  remaius  in  the 
main  channel  for  about  10  miles,  then  separates  into  a  network  of 
channels  having  a  general  westerly  course,  and  is  finally  delivered 
into  Tulare  Lake.  The  main  stream  crosses  the  Southern  Pacific fiail* 
road  about  2^  miles  north  of  Tipton.  Water  rarely  flows  in  this  part 
of  the  river  more  than  four  months  of  the  year. 

The  Tule  Kiver  channels  are  barely  of  sufficient  capacity  to  pafi 
ordinary  freshets.  This  is  particularly  noticeable  westward  froio 
Woodville  on  uU  the  many  channels  into  which  the  river  is  subdivided 
The  resulting  bank-land  inundations  are  of  considerable  extent  and  are 
an  important  supplement  to  artificial  irrigation.  The  ready  overbiuk 
escape  of  the  freshet  waters  of  the  river  and  the  very  smooth  surface 
of  the  delta  lands  greatly  facilitate  the  diversion  of  water  into  ditches 
and  canals,  which  have  become  very  numerous.  Many  of  these  are, 
however,  mere  cuts  into  the  bank,  into  which  water  flows  when  the 
river  is  high  and  which  become  dry  soon  after  the  river  recedes  frofli 
its  highest  stage. 

Where  there  are  so  many  small,  relatively  unimportant  diversionBas 
Ironi  the  several  channels  of  Tule  Kiver,  a  minute  description  of  each 
work  will  not  be  attempted,  and  in  many  cases  a  mere  mentioo  of 
name,  general  position,  and  time  of  first  use  must  suffice. 

CANALS  AND  DITCHES. 

South  Tule  Biver  Difc^.— This  (sometimes  called  Campbell  Ditch)  is 
the  uppermost  ditch  on  the  south  side  of  Tule  Kiver,  though  by  ^o 
means  the  first  in  time  of  construction.  The  diversion  of  water  fro^ 
the  river  is  made  at  the  head  of  an  older  ditch,  known  as  the  Wilc^^' 
at  a  point  about  8  miles  above  Porterville.    The  ditch  skirts  the  b^ 
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of  tibud  hills,  commauding  a  narrow  strip  of  valley  laud  which  lies 
between  Uie  hills  and  the  river.  It  is  about  6  feet  wide  ou  the  bottom, 
and  has  irrigated  but  a  few  acres.  Its  construction  was  commenced  in 
1879. 

Wilcox  IHtch. — ^The  diversion  of  water  into  the  Wilcox  and  South 
Tale  Biver  ditches  is  accomplished  by  means  of  an  inexpensive  wing 
dam  of  cobbles  and  brushwork.  One  channel  in  common  is  utilized 
for  the  water  of  both  ditches  for  about  a  quarter  of  a  mile.  The  Wil- 
cox Ditch  lies  between  the  South  Tule  Eiver  Ditch  and  the  river.  It 
was  constructed  about  1855  for  the  irrigation  of  a  small  tract  of  land  2 
miles  below  its  head.    The  ditch  is  about  3  feet  wide  on  the  bottom. 

Piano  Ditch, — For  the  irrigation  of  lands  in  the  vicinity  of  Piano,  a 
small  settlement  on  the  south  side  of  Tule  Kiver,  directly  opposite 
Porterville,  a  small  ditch  was  constructed  in  1863.  It  takes  water 
from  the  south  side  of  the  river,  about  3  miles  in  a  direct  line  from 
Piano.  It  gradually  withdraws  from  the  river,  crossing  the  nver  bot- 
toms to  the  base  of  the  hills,  and  skirts  the  base  of  ^^  Sugarloaf"  just 
to  the  east  of  Piano.  Thence  its  course  is  southwesterly  through 
Piano  to  a  termination  about  1  mile  west  of  the  village.  The  dimen- 
sions of  the  ditch  are  irregular;  its  capacity  is  about  16  second-feet. 
It  supplies  water  to  about  400  ac^res  of  orchard,  alfalfa,  and  vegetables. 

Vandalia  Ditch. — This  is  another  small  ditch  ou  the  south  side  of  Tule 
Hiver.  It  takes  water  from  the  river  a  mile  above  Piano,  has  a  capacity 
of  about  3  second-feet,  and  irrigates  about  100  acres.  It  was  con- 
stmcted  in  1861. 

Bose  Ditch. — ^This  is  another  of  the  small  private  ditches  near  Piano. 
Its  head  is  several  hundred  yards  below  the  head  of  the  Vandalia 
Ditch.  It  was  constructed  in  1862.  The  land  it  irrigates  was  before 
that  time  supplied  with  water  from  a  ditch  known  as  the  Somers  Ditch, 
but  the  freshets  of  1861-62  cut  the  irrigated  district  in  two  by  the  for- 
mation of  a  new  channel  for  the  river,  and  the  Bose  Ditch  was  built  to 
gnpply  water  to  a  few  acres  of  the  original  irrigated  district  left  on  the 
south  aide.    It  irrigates  10  to  20  acres. 

MitchcUy  finger  it  Rose  Ditch. — The  head  of  this  ditch  was  a  short 
distance  above  the  bridge  ou  the  road  southward  from  Porterville.  It 
was  less  than  a  mile  long  and  about  4  feet  wide  on  the  bottom.  The 
point  at  which  water  was  taken  from  the  river  was  frequently  changed, 
%nd  various  tracts  of  land  were  irrigated  with  its  water.  It  was  one  of 
the  old- time  ditches  which  now  seems  to  have  fallen  into  disuse.  The 
extent  of  irrigation  from  it  a  few  years  ago  was  less  than  20  acres. 

South  Side  Tule  River  Canal. — This  canal,  which  was  for  many  years 
referred  to  as  the  '^Big  Ditch,"  and  is  also  known  as  the  ^^  Poplar 
Danal,''  was  constructed  in  1875  by  an  organization  of  farmers  whose 
lands  were  located  on  the  main  San  Joaquin  Valley  plain,  south  of 
rule  Biver.  The  head  of  the  canal  is  just  above  the  bridge  southward 
&om  Porterville.    The  canal  regulator  has  been  placed  about  a  quarter 
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mile  below  the  bridge.  The  ditch  has  a  bed  width  of  20  feet,  and  is 
iuteuded  to  carry  water  2  to  3  feet  deep.  The  coarse  of  the  canal  is 
westerly.  It  is  about  11  miles  long.  In  seasons  of  ordinary  rainM 
there  is  no  trouble  in  keeping  the  canal  well  supplied  with  water  duriDg 
the  spring  months.  At  other  times,  and  often  when  water  is  most 
needed,  the  supply  is  scant.  The  flow  of  the  main  canal  is  uscuilly 
ai)portioned  to  one  or  more  of  the  distributaries,  or  district  ditches, 
as  they  are  called,  and  the  entire  flow  of  each  of  these  is  used  in  tuni 
by  the  irrigators.  The  length  of  time  that  an  irrigator  may  use  the 
water  is  determined  by  the  number  of  shares  of  stock  held  by  binL 

The  use  of  the  canal  has  been  interfered  with  considerably  by  litigft- 
tion.  Kiparian  land  owners  have  been  successful  in  throwing  legal 
obstacles  into  the  way  of  water  diversion  for  this  canal,  and  eooit 
decisions  against  canal  interests  have  been  enforced  to  some  extflBt 
The  area  irrigated  has,  therefore,  remained  small — probably  less  than 
1,000  acres.  The  cost  of  the  canal  was  about  $20,000,  but  under  good 
management  would  have  been  less.    Check  weirs  were  placed  in 
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canal  every  half  mile,  but  did  not  serve  long.  They  were  soon  washed 
out  of  place.  Their  purpose  was  to  prevent  excessive  erosion  (the  fall  in 
the  direction  of  the  canal  being  about  15  feet  per  mile)  and  to  facilitate 
diversion  into  branch  ditches.  After  the  first  set  of  these  stmctares 
was  gone  the  expense  of  placing  a  weir  in  the  main  canal  at  the  head 
of  a  distributary  was  thrown  upon  the  owners  of  the  latter,  bat  tte 
canal  management  reserved  the  right  to  approve  the  design  and  to 
supervise  its  construction.  The  original  check  weirs  were  of  the  flash* 
board  type.  The  bays  had  a  width  of  4  ieet.  The  timbers  supporttag 
the  fiashboards  were  inclined.  The  principal  defect  seems  to  have  been 
the  placing  of  the  floor  of  the  structure  at,  and  not  below,  the  gnd^ 
height  of  canal  bottom. 

Fine  Ditch, — The  head  of  the  Fine  Ditch  is  about  3  miles  beiow  the 
head  of  the  South  Side  Oanal.  It  commands  a  district  intermediite 
between  Tule  Eiver  and  the  lands  irrigated  with  water  from  the  South 
Side  Canal.  The  ditch  was  built  and  is  owned  in  common  by  a  number 
of  farmers,  who  apportion  its  water  among  themselves.  It  is  aboat  7 
miles  long. 
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B.     REGULATOR  OF  PIONEER  CANAL,   LOOKING  UPSTREAM. 
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Ulison  Slough. — Gallison  Sloagh  (Woods  Central  Ditch)  is  a  high- 
er escapeway  from  the  south  side  of  Tule  River,  about  5  miles  due 
;  from  Porterviile.  It  was  probably  one  of  the  many  new  channels 
led  by  the  freshets  of  1861-62.  Water  enters  the  head  of  this 
gh  under  control  of  a  regulator  at  the  high  stages  of  the  river,  and 
)wer  stages  the  flow  is  increased  by  means  of  a  temporary  wing 
of  sand,  which  is  extended  farther  and  farther  upstream  as  the 
r  falls.  The  flow  of  the  slough  has  been  under  control  for  irriga- 
since  1878,  in  which  year  a  company  was  organized  for  this  pur- 
),  under  the  name  of  the  Woods  Central  Irrigating  Ditch  Company, 
head  gate  was  made  18  feet  wide.  About  $1,560  was  expended 
>nverting  the  slough  into  a  serviceable  ditch.  Several  small  dis- 
iting  ditches  have  been  constructed  from  the  slough  to  the  lands 
rrigators,  and  about  1,000  acres  represent  the  extent  of  annual 
al  wetting. 

'hen  the  Tipton  irrigation  district  was  organized,  in  1891,  arrange- 
ts  were  made  by  its  directors  for  the  use  of  Callison  Slough  in  com- 
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Fm.  15.— Head  of  CalliAon  Sloagh  and  English  Ditob. 

I  with  the  Woods  Central  Irrigating  Ditch  Company.  A.  new  regtt- 
T  was  soon  afterwards  put  into  the  head  of  the  slough.  It  was 
le  30  feet  wide,  it  being  understood  that  10  feet  of  its  width  was  to 
^e  the  original  users  of  slough  water,  and  the  other  20  feet  the  irri* 
ion  district.  The  district  canal  is  out  of  service  at  the  present  time. 
W  English  Bitch. — ^The  head  of  this  ditch  is  immediately  below  the 
d  of  Callison  Slough,  and  its  water  is  used  on  several  small  farms 
ween  Callison  Slough  and  the  river.  The  ditch  was  constructed 
at  1869.  It  is  about  8  feet  wide  on  the  bottom,  2  miles  long,  and 
ually-irrigates  between  100  and  200  acres.  Whenever  it  is  desirable 
se  water  after  the  high  stage  of  the  river,  a  long  temporary  wing 
I  of  sand  is  constructed  at  its  head,  just  below,  and  almost  parallel 
1,  that  at  the  head  of  Callison  Slough. 

lockton  Ditch. — ^This  ditch  takes  its  name  from  a  small  private  ditch 
3h  was  in  use  for  a  few  years  preceding  1871.  It  was  built  in  1874 
>  company  composed  of  eight  farmers  who  desired  a  common  source 
upply.  It  leaves  the  south  side  of  Tule  Eiver  about  midway 
IBB  17 6 
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between  Porterville  and  Woodville,  and  has  a  westerly  course  to  the 
vicinity  of  the  latter  settlement.  The  ditch  is  about  6  miles  long,  and 
is  15  feet  wide  at  its  head.  Water  is  ordinarily  available  for  it  from 
February  to  June.  No  restriction  is  placed  upon  the  locality  where 
each  stockholder  may  use  his  water.  The  water  is  delivered  in  tmn  to 
each  person  entitled  to  its  use,  the  time  of  a  <^run"  per  share  of  stock 
being  fixed  annually  by  the  directors,  usually  at  forty-eight  or  twenty- 
four  hours  per  share.  The  lands  irrigated  by  this  ditch  have  in  part 
been  included  in  the  Tule  Eiver  irrigation  district,  and  are  to  become 
dependent  upon  its  works  for  their  water  supply. 

BaU  i&  Harris  Ditch. — About  one-half  mile  below  the  head  of  Stock- 
ton Ditch  a  small  ditch,  irrigating  several  hundred  acres  of  land,  leaves 
the  river.  It  is  known  as  the  Ball  &  Harris  Ditch  (or  the  Markham, 
or  Pierce  &  Markham,  or  Pierce,  Markham  &  Booth  Ditch).  It  was 
built  about  1871,  and  is  reported  to  have  been  in  continuous  use  after 
1874.  The  ditch  is  only  3  to  5  feet  wide  on  the  bottom.  Its  regulator 
has  a  width  of  6  feet.  This  is  one  of  the  ditches  whose  rights  have 
been  merged  with  those  of  the  Tule  River  Irrigation  Ditch  Company. 
.Empire  Ditch.— The^  head  of  this  ditch  (also  called  Pheil  &  Otto, 
Stover,  or  Lower  Pioneer  Ditch)  is  on  the  south  side  of  Tule  Biver,  3 
miles  east  of  Woodville,  at  a  point  known  as  the  Forks  of  Tule  Biver. 
Its  course  is  westerly;  it  is  3  miles  long  and  irrigates  several  handred 
acres  of  land  in  the  immediate  vicinity  of  Woodville.  Its  width  is  2  to 
3  feet  on  the  bottom,  and  its  estimated  capacity  is  about  5  second-feet 
The  lands  served  by  this  ditch  are  in  part  in  the  Tule  Biver  irrigation 
district. 

Woodville  Ditch. — This  ditch  has  its  intake  on  the  south  side  of  tbe 
river  about  1^  miles  northeast  of  Woodville.  Its  course  is  westerly; 
its  length  is  about  7  miles,  and  its  width  in  the  upper  sections  aboat  10 
feet  on  the  bottom.  The  regulator  has  a  width  of  12  feet.  The  ditch 
was  constructed  in  the  years  1883  to  1885.  It  is  one  of  the  few  ditches 
constrncted  and  managed  on  the  principle  of  proportional  assessment 
of  stockholders  to  meet  those  expenses  only  which  are  incurred  on  the 
ditch  above  the  point  where  water  is  delivered  to  each  irrigator.  This 
is  another  of  the  small  ditches  whose  rights  have  been  merged  with  tbe 
Tule  Biver  Irrigation  Ditch  Company. 

Tipton  Ditch. — This  ditch  (also  called  Mitchell  Ditch)  was  con- 
structed for  the  irrigation  of  lands  near  Tipton.  Its  builders  agreed 
to  contribute  to  the  cost  of  construction  and  maintenanceof  so  machof 
the  main  ditch  as  was  above  the  upper  limits  of  their  lands  in  propor- 
tion to  their  respective  interests  in  the  canal  water.  The  constractiou 
of  tbe  ditch  commenced  in  1881,  but  it  was  not  completed  for  several 
years.  The  head  of  this  ditch  is  on  the  south  side  of  Tule  Biver,  aboat 
3^  miles  northeast  of  Tipton.  The  ditch  has  a  southwesterly  course) 
is  6  to  7  miles  long,  about  20  feet  wide  near  its  head,  and  is  planned  to 
deliver  a  relatively  large  amount  of  water  to  the  area  dependent  upon 
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'» during  the  short  i>eriod  (about  February  1  to  June  15)  when  water  is 
rdinarily  available. 

Janes  Ditch. — This  is  a  very  small  private  ditch,  the  head  of  which  is 
bout  a  quarter  mile  below  the  head  of  Tipton  Ditch.  It  follows  the 
[ver  bank,  crossing  Lone  Oak  Slough  and  South  Tule  River  to  a  small 
ract  of  land  irrigated  with  its  water. 

Ijone  Oak  Slough. — ^This  is  a  small  high-water  channel  breaking  out 
f  the  south  side  of  Tule  Biver  due  north  from  Tipton,  about  a  half 
lile  above  the  railroad  crossing.  It  has  a  southwesterly  course,  and 
ipplies  water  to  several  independent  small  distributaries  known  as 
le  Hively,  the  Creech,  and  the  Bogers  Lower  ditches.  The  flow  of 
ater  in  the  slough  is  controlled  by  a  regulator,  put  in  about  1891. 

Hively  Ditch. — This  is  a  small  private  ditch,  about  a  mile  long, 
sceiving  water  from  Lone  Oak  Slough  just  to  the  west  of  the  railroad 
rossing. 

Oreech  Ditch. — This  is  another  small  private  ditch,  about  a  mile  long, 
fading  from  the  south  side  of  Lone  Oak  Slough. 

Rogers  Lower  Ditch. — This  ditch  also  receives  water  from  Lone  Oak 
lough.    It  is  a  mile  below  the  Creech  Ditch,  and  is  about  2  miles  long. 

The  combined  irrigation  from  Lone  Oak  Slough  ditches  probably 
oes  not  exceed  200  acres. 

Fancher  Ditch. — Another  of  the  Tule  River  ditches,  owned  in  common 
y  four  or  Ave  irrigators,  is  the  Fancher  Ditch,  which  for  several  years 
•rior  to  1884  is  reported  to  have  received  its  water  from  the  river  at 
be  poiut  where  Callison  Slough  unites  with  South  Tule  River.  A  weir 
T^as  constructed  in  the  river  channel  and  the  diversion  was  made  from 
be  slough  channel.  About  1884  it  was  found  necessary  to  extend  the 
itch  upstream  about  half  a  mile  to  a  new  head,  where  for  some  time 
^ater  was  admitted  without  control.  The  ditch  has  a  southwesterly 
ourse,  is  about  2  miles  long  and  12  feet  wide,  and  usually  irrigates 
^veral  hundred  acres. 

Finney  Ditch. — On  the  north  side  of  South  Tule  River,  near  the  last- 
mentioned  diversion,  is  a  small  private  ditch,  known  as  the  Finney  or 
^erry  Ditch.  Its  head  is  a  quarter  of  a  mile  below  the  head  of  Fancher 
^tch.  Water  is  there  diverted  into  a  small  natural  depression,  in 
^hich  it  flows  about  half  a  mile  to  points  where  it  is  used  by  several 
^igators.    This  ditch  came  into  use  in  1884. 

Stoall  Ditch. — Another  small  private  ditch,  on  the  north  side  of  South 
I^Ule  River,  is  the  Swall  Ditch.  Its  use  dates  back  to  1875.  Its  head 
3  2^  miles  below  the  head  of  the  river  channel  called  South  Tule  River. 
^  is  about  2  miles  long,  and  has  a  westerly  course. 

Gully  Ditch. — ^This  ditch  receives  water  from  the  south  side  of  the 
'ain  chanuel  of  Tule  River,  1^  miles  below  the  head  of  South  Tule 
'iver.  It  has  a  southwesterly  course,  is  about  2^  miles  long,  and,  in 
^Dimon  with  the  Swall  Ditch,  supplies  water  to  several  hundred  acres. 
'  was  constructed  in  1875. 
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Swall  it  WessUng  Ditch, — This  is  a  small  ditch  on  the  south  side  <rf 
the  main  channel  of  Tnle  Biver,  aboat  a  mile  long,  which  connects  this 
channel  with  a  small  natural  water  course.  Its  head  is  3^  miles  below 
the  head  of  South  Tule  Elver.    It  has  been  in  use  since  about  1884. 

Qreat  American  Ditch. — Before  the  Tule  Biver  Indian  Besenraticffl, 
above  Porterville,  was  thrown  open  to  settlement  the  constructioii  of  a 
small  hillside  ditch  for  the  irrigation  of  lands  intermediate  between  the 
north-side  hills  and  the  river  had  been  commenced.  This  ditch  had  its 
head  on  the  west  side  of  North  Fork  about  8  or  9  miles  above  Porter- 
ville,  and  was  intended  solely  for  the  use  of  the  Indians.  This  work 
was  subsequently  to  have  been  completed  by  a  corporation  which  seems 
to  have  been  organized  principally  for  speculative  purposes.  There  is 
but  little  left  of  the  enterprise  except  the  name. 

Pleasant  Valley  Ditch. — This  is  a  diversion  from  the  west  side  d 
North  Fork  of  Tule  Biver,  about  2 J  miles  above  its  junction  with  Middle 
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Fork.  The  ditch  has  a  southerly  course  for  over  5  miles,  thenee  > 
northwesterly  course  for  5  miles,  and  thence  a  southerly  course  foro^ 
2  miles.  It  commands  Pleasant  Valley  lands.  Its  bed  width  is  aboa^ 
6  feet  for  several  miles,  thence  4  feet.  The  ditch  was  constractedio 
1889  by  the  Pleasant  Valley  Ditch  Oompany,  organized  as  a  corporatioo 
the  previous  year  by  farmers  requiring  water  for  stock  and  mp!o^ 
purposes. 

Pio'neer  Canal — This  canal,  controlled  by  the  Tule  Biver  Pioneer  Wati* 
Ditch  Company,  is  the  most  important  of  the  several  irrigation  works 
receiving  water  from  Tule  Biver.  It  was  constructed  and  first  cameinto 
use  about  1867.  Its  head  was  then  located  three-quarters  of  a  isil^ 
below  the  junction  of  North  and  South  forks  of  Tule  Biver.  The  fresbee 
of  1877-78  destroyed  the  upper  section  of  the  canal  and  at  the  same  tio^ 
cut  a  high-water  channel  near  the  base  of  the  hills  at  the  nortberu 
border  of  the  bottom  lands.    This  new  channel  was  at  once  utilized  iof 
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the  canal  water.  A  regulator  was  put  in  its  head  and  has  been  main- 
tained. The  canal  proper  terminates  at  the  flour  mill  at  Porterville,  to 
which  it  supplies  x)ower.  Its  course  is  along  the  base  of  tbe  hills  on 
the  north  side,  and  generally  half  a  mile  to  2  miles  from  the  river.  The 
bottom  lands  thus  commanded  above  Porterville  are  very  productive. 
The  canal  has  a  length  of  about  7  to  8  miles.  Its  fall  is  somewhat 
irregular,  generally  6  to  7  feet  tjo  the  mile.  Its  bed  width  is  8  to  12 
feet,  and  the  depth  of  water  carried  2  to  3  feet.  Its  regulator  is  of  the 
box  or  culvert  type.  A  loose-rock  fill  on  top  of  the  structure  gives  it 
weight  to  prevent  its  being  undermined.  Three  vertically  sliding  gates 
control  the  inflow  of  water.  The  width  of  the  regulator  between  side 
walls  is  18  feet.  The  capacity  claimed  for  the  Pioneer  Canal  is  72 
second-feet. 

Before  a  reorganization  of  the  canal  company  was  effected,  several 
years  ago,  the  canal  water  was  delivered  to  stockholders  in  proportion 
to  the  amount  of  stock  owned  by  each.  Stockholders  were  permitted 
to  take  their  water  at  any  convenient  point  through  a  suitable  outlet 
^ate,  constructed  and  maintained  by  the  user  of  the  water  taken.  No 
"water  was  sold  by  the  canal  company,  and  all  expenses  of  management 
And  repairs  were  assessed  to  the  stockholders.  The  result  of  this  sys- 
tem of  operation  was  the  union  of  interests  by  groups  of  irrigators, 
"^ho  then  made  a  common  diversion  of  water  from  the  main  ditch  and 
l>nilt  distributing  ditches,  which  are  managed  much  the  same  as  inde- 
pendent ditches. 

The  most  notable  branch  of  this  character  was  the  Farmers  Ditch. 
It  received  water  from  the  Pioneer  Canal  at  the  mill,  and,  passing  to 
tbe  east  and  north  of  Porterville,  had  a  course  a  little  north  of  west, 
skirting  the  southern  border  of  Old  Tnle  Biver  Swamp.  Its  length 
Was  about  12  miles.  It  was  owned  by  an  organization  formed  in  1875, 
ownership  being  represented  in  12  shares.  Each  share  of  stock 
entitled  its  holder  to  a  proportional  interest  in  the  canal  down  to  a 
Point  where  he  diverted  or  intended  to  divert  his  water  from  the  main 
^nal.  The  company  did  not  sell  any  water.  Water  was  used  from 
the  canal  in  rotation,  the  duration  of  a  run  per  share  of  water  being 
Mutually  agreed  upon. 

The  cost  of  construction  was  apportioned  to  each  member  in  propor- 
tion to  his  interest  in  the  canal.    Each  member  bore  a  proportional 
Part  of  all  expenses  incurred  along  the  canal  above  the  point  at  which 
be  was  to  receive  his  water,  and  did  not  contribute  toward  the  con- 
^tniction  of  the  canal  below  that  point.    Expenses  of  maintenance  and 
I'epairs  were  apportioned  on  the  same  basis  to  those  actually  using 
Water.    As  the  canal  had  a  total  length  of  12  miles,  and  some  of  its 
Water  was  used  within  3  or  4  miles  of  its  head,  these  expenses  were 
abont  four  times  as  great  for  the  most  distant  irrigator  as  for  the  one 
Clearest  the  head  of  tbe  canal. 
Farmers  Ditch  in  its  upper  sections  was  also  known  as  the  Old  State 
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Ditch,  being  one,  or  on  the  line  of  one,  of  the  ditches  that  was  intended 
to  divert  the  flow  of  flood  watern  from  the  Old  Tale  River  swamp  lands, 
and  which  had  been  constructed  with  money  from  the  State  swamp-land 
fund.  This  ditch,  in  somewhat  altered  alignment,  together  with  the 
North  Branch  of  Pioneer  Oanal  (which  might  also  be  called  the  North 
Side  State  Ditch),  has  become  one  of  the  principal  distributaries  of  the 
reorganized  Pioneer  Canal  Company. 

Water  is  still  delivered  to  stockholders  in  proportion  to  stock  owned, 
but  without  actual  measurement.  A  change  is  to  be  made  at  onoe, 
according  to  which  water  is  to  be  sold  to  stockholders  on  the  basis  of  1 
miner's  inch  per  share  of  stock.  The  canal  capacity,  50  seoond-feet,  is 
equivalent  to  3,600  miner's  inches  under  4-inch  pressure,  and  there  are 
3,600  shares  of  stock  in  the  corporation.  The  price  to  be  charged  for 
water  is  to  be  flxed  at  5  cents  per  24-hour  miner's  inch. 

The  area  of  citrus  fruits  dependent  upon  this  canal  for  water  has 
within  the  last  few  years  rapidly  grown  to  1,000  acres.  About  900  acres 
of  other  orchards  are  also  irrigated  by  this  canal.  The  orchard  lands 
for  the  most  part  lie  to  the  north  and  east  of  Porterville. 

The  wetting  of  orchard  land  is  generally  accomplished  by  allowing 
small  streams  of  water  to  flow  in  a  number  of  furrows  between  rows  of 
trees,  usually  four,  and  to  harrow  the  surface  as  soon  after  the  appli- 
cation of  water  as  possible. 

On  the  lower  section  of  the  Farmers  branch  of  the  canal  alfalfa  and 
grain  are  irrigated  in  rectangular  checks.  Land  there  is  smooth  sor- 
faced  and  comparatively  level,  consequently  the  cost  of  preparation  for 
irrigation  is  small.  It  is  said  to  have  been  as  low  as  50  cents  per  acre 
for  ditching  and  checking. 

The  value  of  water  stock  at  the  present  time  is  said  to  range  from 
$200  to  $300  for  stock  entitling  to  water  above  the  Porterville  Mill,  and 
$50  to  $100  for  stock  entitling  to  water  below  the  mill.  This  difference 
in  price  is  due  to  the  fact  that  most  of  the  flow  of  the  canal  must  be 
delivered  at  the  mill  for  x)ower  purposes,  and  that  water  for  diversion 
from  the  canal  by  irrigators  above  the  mill  is  therefore  limited. 

Traylor  DUch, — This  is  a  small  private  dit-ch  having  its  head  on  the 
north  side  of  Tule  Biver  half  a  mile  below  the  head  of  the  Pioneer 
Canal.  It  has  a  course  about  midway  between  the  larger  ditch  and 
the  river,  is  about  2  miles  long,  and  irrigates  a  few  acres  of  river  bottom 
land. 

Porter  Slough. — ^Porter  Slough  breaks  through  the  north  bank  of 
Tule  Eiver  about  4  miles  above  Porterville.  It  was  made  the  prin- 
cipal channel  of  Tule  Eiver  by  the  freshets  of  1861-62,  but  within  a 
few  years  contentions  arose  as  to  the  apportionment  of  water  to  this 
channel  and  to  that  which  afterwards  became  the  main  channel  of  the 
river.  Obstructions  placed  in  the  head  of  Porter  Slough  were  repeat- 
edly removed  by  settlers  along  tbe  slough.  It  is  clainied  that  snob 
obstructions,  in  part  at  least,  caused  the  rapid  enlargement  of  the  other 
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channel  of  the  river  by  the  freshets  of  1867-68,  and  that  ever  since  that 
time  some  work  at  the  head  of  Porter  Sloagh  is  annually  necessary  to 
put  water  into  it  at  ordinary  stages  of  the  river. 

Since  the  construction  of  the  works  for  the  irrigation  of  lands  in  the 
Tale  Biver  irrigation  district,  water  is  turned  into  the  head  of  Porter 
Sloagh  through  an  artificial  channel  or  cut  700  feet  long,  in  the  head  of 
which  a  regulator  is  maintained.  This  regulator  has  a  total  width  of 
36  feety  divided  into  nine  spaces,  of  which  seven  are  separated  from 
the  other  two  by  a  longitudinal  partition.  The  water  passing  through 
the  larger  portion  of  the  gate  is  for  the  irrigation  district,  the  rest  is 
for  the  Hubbs  &  Miner  Ditch,  which  formerly  received  its  water 
through  an  independent  head  some  miles  below  Porterville.  The 
actual  flooding  of  lands  with  water  from  the  slough  before  its  use  by 
the  Tale  Biver  irrigation  district  was  not  very  extensive,  but  the 
presence  of  water  in  the  channel  accomplished  much  wetting  of 
Gkljacent  agricultural  land. 

Hockett  Ditch. — ^This  is  one  of  the  small  ditches  which  was  con- 
stracted  immediately  after  the  freshets  of  1861-62  to  replace  Somers 
Ditch,  which  was  destroyed  by  the  high  waters.  Its  head  is  on  the 
north  side  of  Tule  Biver,  about  1^  miles  below  the  head  of  Porter 
Slough.  It  supplies  water  for  several  hundred  acres  of  land  between 
Porter  Slough  and  the  main  channel  of  the  river  southward  from  Por- 
terville. The  Somers  Ditch,  whose  water  rights  are  claimed  for  the 
Sockett  Ditch,  is  reported  to  have  been  constructed  in  1858,  and  it  is 
[>robable  that  some  of  its  oi^iginal  owners  had  attempted  to  make 
liversions  of  water  as  early  as  1854. 

Wallace  Ditch. — The  head  of  the  Wallace  Ditch  is  immediately  below 
bhat  of  the  Yandalia  Ditch.  Although  the  diversion  of  water  for  this 
]itch  is  made  on  the  south  side  of  the  river,  it  is  at  once  carried  over 
to  the  north  side  in  a  small  flume,  and  its  use  is  entirely  on  the  uortii 
side.  It  is  a  small  private  ditch,  occupying  a  position  between  the 
Hockett  Ditch  and  the  river  and  supplying  water  to  a  few  acres  in 
the  same  vicinity  as  Hockett  Ditch. 

McOeCj  Putnam  &  Caldwell  Ditch. — This  is  another  small  north-side 
ditch,  having  its  head  about  1^  miles  below  the  bridge  south  of  Porter- 
ville. It  commands  lands  between  the  river  and  Porter  Slough  just 
West  of  those  covered  by  Hockett  and  Wallace  ditches.  It  is  said  that 
the  use  of  water  through  this  ditch  commenced  about  1863. 

OiUiam  Ditch. — This  ditch  leaves  the  river  about  a  quarter  mile  below 
the  HcGee,  Putnam  &  Caldwell  Ditch.  It  is  a  small  private  ditch 
which  is  also  known  as  the  Gillis  Ditch,  or  the  Gilliam  &  McGee  Ditch. 
It  was  probably  constructed  in  1862  and  commands  a  portion  of  the 
(district  originally  irrigated  by  the  Somers  Ditch. 

Hubbs  &  Miner  Ditch, — ^This  is  a  north-side  ditch  supplying  water  to 
Bight  or  ten  farmers,  whose  interests  in  the  ditch  are  represented  by 
shares  of  stock.    The  head  of  the  ditch  was  about  2  miles  below  the 
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Porterville  road  bridge  UDtil,  in  1893,  a  combination  with  the  TaleEi?er 
irrigation  district  was  effected,  according  to  which  a  common  head  or 
new  inlet  from  the  river  to  Porter  Slongh  was  constrocted.  Of  the 
water  diverted  from  the  river,  the  surplus  not  required  by  the  irrigadon 
district  goes  to  the  lands  dependent  upon  the  Habbs  &  Miner  Diteh 
for  water. 

Fulweiler  and  Hunsdker  ditches. — The  next  north-side  ditch  has  its 
head  about  6  miles  below  Porterville.  It  is  known  as  the  Fulwefler 
Ditch.  Its  construction  was  commenced  by  an  organized  association 
of  farmers,  but  work  was  soon  abandoned.  One  of  the  owners  sub- 
sequently commenced  operations  again,  and  was  joined  in  1884  by 
several  other  farmers.  The  ditch  was  about  1^  miles  in  length,  having 
a  northwesterly  course  to  a  point  where  a  junction  was  effected  with 
another  small  ditch,  known  as  the  Hunsaker  Ditch,  whose  head  is  half 
a  mile  below  the  head  of  Fulweiler  Ditch.  The  Hnnsaker  Ditch  bad 
a  length  of  about  2  miles.  Its  central  section  was  used  in  common  bj 
the  two  ditches — an  arrangement  effected  to  overcome  right  ofway 
difficulties  which  were  encountered  by  the  owners  of  the  FulweUcr 
Ditch.  The  Hunsaker  Ditch  was  constructed  in  1871.  About  400  ams 
were  irrigated  from  the  two  ditches.  All  of  the  lands  served  bj  the 
Hunsaker  Ditch  and  part  of  those  served  by  the  Fulweiler  Ditch  are 
now  in  the  Tule  Eiver  irrigation  district  and  are  dependent  npon  its 
canals  for  water. 

FletU  Ditch. — This  is  a  small  ditch  receiving  water  only  daring  higti 
stages  of  the  river.  It  has  been  in  use  since  1872,  but  has  ordinarily 
irrigated  only  about  10  acres  of  alfalfa  and  orchard  land.  It«  head  is 
just  below  the  country  road  leading  northward  from  Porterville. 

Thomas  Ditch. — Less  than  a  quarter  of  a  mile  below  the  head  of  the 
Pletts  Ditch,  also  on  the  north  side  of  Tule  Eiver,  is  the  Thomas  Diteh. 
It  is  also  called  the  Walker  Ditch.  It  was  constructed  about  1871  or 
1872.  Like  other  high-water  diversions  from  Tule  Biver,  it  has  had  no 
regulator  at  its  head.  The  extent  of  actual  flooding  with  its  water  htf 
been  about  25  acres.  The  lands  it  watered  are  now  served  by  the  Tale 
Eiver  irrigation  district  canals. 

Elrod  Ditch — This  is  one  of  the  same  class  of  small  ditches  jtist 
enumerated.  It  is  a  reconstruction  of  an  older  ditch  which  was  kDOwn 
as  the  Lewis  &  Walker,  about  2  miles  below  the  Thomas  Ditch.  Tlie 
original  ditch  came  into  use  in  1871.  The  lands  irrigated  by  it  are  oof 
a  part  of  the  Tule  Eiver  irrigation  district. 

Ray  drBroicn  Ditch, — This  was  an  insignificant  ditch  on  the  Dorft 
side  of  the  river  about  5  miles  east  of  Bayou,  which  affords  water  for 
the  flooding  of  a  few  acres  at  flood  stages  of  the  river.  Like  the  other 
small  ditches  named,  it  has  been  absorbed  by  the  Tule  Eiver  irrigation 
district. 

M.  M.  Burnett  Ditch.— This  is  a  small  high-water  ditch  flpom  the  ncffth 
side  of  Tule  Eiver,  a  mile  southeast  of  Tagus.    It  is  about  a  mile  loogi 
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has  a  bed  width  of  5  feet,  and  cost  abont  $100.  It  was  constructed  in 
1886. 

Bond  Ditch. — This  is  a  small  ditch  which  carries  water  southwesterly 
three-fourths  of  a  mile  from  a  point  on  the  north  channel  of  Tule  Elver 
at  the  head  of  Schoolhouse  Branch.  It  unites  with  Rogers  Ditch  for 
the  irrigation  of  the  same  lauds.    This  ditch  was  constructed  in  1871. 

Rogers  Upper  Ditch, — This  is  a  diversion  from  the  north  side  of  the 
Stadtmiiller  Branch  of  Tule  Kiver,  made  in  1880.  It  has  a  northwest- 
erly course  for  nearly  a  mile,  to  its  junction  with  the  Bond  Ditch.  The 
two  ditches  belong  to  the  same  owners. 

Rogers  Middle  Ditch. — This  is  a  ditch  from  the  lower  end  of  the 
Schoolhouse  Branch  of  North  Tule  Biver.  It  is  a  short  ditch  6  feet 
wide,  having  a  southerly  course,  and  drops  its  water  into  a  natural 
channel,  whence  it  is  again  taken  for  the  irrigation  of  several  small 
tracts.    It  was  constructed  in  1880. 

Klein  Ditch. — This  ditch  was  practically  duplicated  by  the  Sogers 
Middle  Ditch.  The  diversion  was  made  from  the  same  point,  but  in  a 
ditch  located  a  few  feet  farther  east,  and  the  same  natural  channel  was 
used  to  convey  water  about  a  mile  to  its  place  of  use.  The  mention  of 
the  ditch  is  merely  historical;  it  went  out  of  use  about  1880. 

Lamarsna  Ditch, — This  is  another  of  the  very  small  high- water  ditches 
which  abound  in  the  Tule  Eiver  country.  It  was  constructed  in  1878 
or  1879,  to  supply  water  to  several  farms  lying  between  the  main  chan- 
nels of  Tule  Eiver  about  3  miles  southeastward  from  Bayou.  It  has 
been  in  actual  use  very  little,  and  but  a  few  acres  of  alfalfa  have  been 
dei>endent  upon  it  for  water. 

Bacigalupi  Ditch. — Southward  from  Bayou,  on  the  north  side  of  the 
main  channel  of  Tule  Biver,  is  another  high-water  ditch,  which  has 
been  in  use  more  or  less  since  about  1882.  It  is  a  short  private  ditch 
which  supplies  water  for  use  on  several  hundred  acres  of  land. 

Bacigalupi  &  Greighton  Canal. — This  canal  was  constructed,  in  part 
at  least,  in  1877.  It  is  really  a  diversion  from  Elk  Bayou,  the  southern- 
most delta  channel  of  Kaweah  Eiver,  but  as  Lower  Elk  Bayou  may  also 
be  considered  a  Tnle  Eiver  channel,  receiving  water  from  Porter  Slough 
and  being  the  main  channel  of  Old  Tule  Eiver,  it  will  not  be  out  of  place 
to  enumerate  this  canal  among  the  Tule  Eiver  ditches,  particularly  as 
the  flow  of  Main  Tule  Eiver  into  the  lower  end  of  Elk  Bayou  is  chiefly 
relied  upon  as  a  source  of  supply  for  this  ditch.  The  head  of  the  ditch 
is  on  the  north  side  of  the  bayou,  about  a  (juarter  of  a  mile  above  its 
junction  with  the  main  channel  of  Tule  Eiver.  The  canal  has  a  north- 
westerly course  for  about  4  miles,  thence  a  southwesterly  course  for  a 
like  distance  to  near  the  eastern  margin  of  Tulare  Lake.  It  was  built 
primarily  for  the  reclamation  of  land  entered  as  a  desert  claim.  The 
regulator  built  in  the  head  of  the  canal  was  soon  washed  out  of  place 
and  the  upper  end  of  the  original  canal  was  considerably  enlarged  by 
erosion.    The  upper  part  of  the  canal  was  originally  about  8  feet  wide 
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on  the  bottom,  but  a  width  of  12  feet  on  the  bottom,  with  a  water  deptii 
of  2  to  3  feet,  is  claimed  for  most  of  its  course.  So  far  as  can  be  learned, 
there  has  been  bat  little  systematic  irrigation  in  the  territory  com- 
manded by  this  canal. 

Tulare  Lake  Canal. — ^This  canal,  which  was  bailt  in  1890,  takes  water 
from  Tale  River  at  a  point  10  miles  due  west  from  Tipton.  It  has  a 
bed  width  of  40  to  50  feet  and  a  depth  reported  at  4  to  5  feet.  It  lies 
within  the  extreme  high- water  limit  of  Tnlare  Lake.  Its  coarse  is  doe 
south  and  its  length  is  3  miles.  It  commands  the  lands  westward  to 
the  present  lake  margin.  Water  is  expected  to  be  avaUable  in  this 
canal  from  about  February  to  July.  It  is  reported  to  have  supplied 
water  this  season  to  7,000  acres  of  grain  land.  At  the  head  of  the 
canal  structures  of  the  ordinary  open  flashboard  type  are  in  use  for  the 
diversion  and  control  of  the  water.  The  cost  of  the  canal  head  works 
is  said  to  have  been  $3,000,  and  the  cost  of  the  main  canal  and  10  to  15 
miles  of  branch  ditches,  including  the  head  works,  was  about  tlO,000i 

TULB  RIVER  IRRIGATION  DISTRICT. 

In  no  portion  of  the  State  has  the  necessity  for  harmonizing  conflict- 
ing claims  to  water  and  adequate  control  of  its  diversion  and  use  been 
greater  than  on  Kaweah  and  Tule  rivers,  and  it  is  on  these  rivers  that 
the  successful  operation  of  the  irrigation-district  system  was  to  be 
anticipated.  It  seemed  as  though  all  irrigators  could  only  gain,  aod 
noue.lose,  by  bringing  the  many  small  independent  ditches  under  one 
management,  as  authorized  by  the  district  law.  And,  in  fact,  no  diffi- 
culty was  encountered  in  forming  on  Tule  Biver  two  irrigation  districts, 
both  of  which  have  constructed  canal  systems,  but  in  both  of  which 
there  is  now  much  dissatisfaction  with  the  opei^ation  of  the  law  and 
with  the  results  thus  far  achieved.  Of  course  the  disappointments  and 
failures  are,  in  part  at  least,  due  to  the  general  depression  of  the  farm- 
ing industry ;  but  with  an  increasing  tax  rate  as  a  burden  upon  thoee 
who  meet  their  district  obligations,  and  with  probable  confiscations  of 
the  property  of  those  who  continue  delinquent,  the  problem  of  district 
management  becomes  difficult  of  solution. 

The  Tule  River  irrigation  district  was  organized  in  September,  1891. 
A  bond  issue  of  $90,000  was  soon  followed  by  a  second  of  $10,000.  The 
district  has  an  area  of  about  22,000  acres— practically  all  the  lands 
within  or  immediately  adjacent  to  the  delta  of  Tule  Biver.  The  district 
Las  a  greatest  length  in  the  direction  of  the  river  of  13  miles,  itsea8^ 
ern  limit  being  about  6  miles  west  of  Porterville,  and  a  breadth  of  aboat 
4  miles.    Some  of  the  land  within  exterior  boundaries  has  been  exclnded. 

The  entire  bond  issue  has  been  expended  in  completing  the  canal 
system.  The  bonds  could  not  be  sold  readily  and  were  finally,  throngh 
the  hands  of  a  n6minal  purchaser,  turned  over  to  the  contractors,  who 
carried  on  op'^ratious  by  hypothecating  them.  The  canal  system  con- 
sists of  a  main  water  way  to  and  into  the  district — Porter  Slough— and 
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two  principal  laterals,  one  on  each  side  of  Tale  Biver.  At  the  head  of 
Porter  Slough  a  cut  700  feet  long  has  been  made  from  the  river  into 
the  sioagh.  In  this  cat  a  regulating  gate  36  feet  wide  has  been  placed, 
which  is  intended  to  serve  the  irrigation -district  canal  as  well  as  the 
Habbs  &  Miner  Ditch.  Of  its  9  bays  or  openings,  7  are  for  the  district 
and  2  for  the  other  ditch.  After  flowing  in  Porter  Sioagh  for  7  or  8 
miles  the  district  water  is  taken  into  a  large  canal  whose  head  is  3 
miles  west  of  Porterville,  and  which  has  a  westerly  coarse  for  2J  miles 
to  a  point  near  the  north  bank  of  Tale  Kiver.  The  water  is  there 
separated  into  two  canals,  of  which  one  has  a  northerly  coarse  back  to 
Porter  Sioagh  and  the  other  drops  its  water  into  Tale  Biver,  from 
which  it  is  again  reclaimed  half  a  mile  below.  Porter  Sioagh  is  the 
main  north  side  lateral  for  6  or  7  miles;  thence  an  artificial  canal  con- 
tinnes  westward  to  near  the  western  limit  of  the  district.  The  sonth- . 
side  main  lateral  has  a  coarse  almost  due  west  for  11  to  12  miles,  hold- 
ing a  position  within  one  half  mile  to  a  mile  of  the  south  boundary  of 
the  district.  The  older  ditches  within  the  district  and  smaller  laterals 
complete  the  distributing  system.  The  dropping  of  the  sonthbranch 
water  into  Tule  Biver  is  only  a  temporary  arrangement,  it  being  pro- 
posed to  carry  this  water  over  the  river  in  a  flume. 

Water  is  expected  in  the  district  canals  from  about  March  1  to  July  1. 
The  irrigators  are  this  season  allowed  to  take  water  as  they  please, 
canal  operation  being  blocked  by  litigation.  It  was  at  first  proposed 
to  meet  operating  expenses  by  levying  an  assessment  upon  the  property 
of  the  district.  This  was  done  one  season,  and  cost  of  operation  was 
about  $2,000.  The  following  year,  1896,  water  was  sold  at  20  cents  per 
irrigating  head  x>er  hour,  the  head  of  water  being  understood  to  mean 
the  amount  which  would  pass  over  a  clear  overfall  4  feet  long  and  1 
foot  deep.  This  year,  as  already  stated,  water  is  taken  by  irrigators 
as  they  can  get  it. 

TIPTON  IBBIGATION  DISTETOT. 

The  Tipton  irrigation  district  is  a  second  district  dependent  upon 
Tule  Biver  for  its  water  supply,  but  its  right  to  make  a  diversion 
extends  only  to  the  flood  flow  of  the  river.  This  district  was  organ- 
ized in  1891.  It  contains  17,040  acres,  located  on  the  south  side  of 
Tule  Biver,  south  of  the  lower  portion  of  the  Tule  Biver  irrigation 
district.  A  first  issue  of  bonds  of  $50,000  was  followed  by  a  second 
to  the  amount  of  $20,000,  but  the  second  series  has  never  been  dis- 
posed of. 

The  district  receives  water  through  Callison  Slough,  the  southernmost 
delta  channel  of  Tule  Biver.  Arrangements  were  made  with  the  Woods 
Central  Irrigating  Ditch  Company  whereby  a  regulating  gate  was  to 
be  placed  and  maintained  for  common  use  in  the  head  of  the  slough. 
This  was  done.  The  gate  was  made  30  feet  wide,  20  feet  for  the  irriga- 
tion district,  and  10  feet  for  the  Woods  Irrigating  Ditch.    The  main 
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district  canal  was  taken  out  of  the  slough  about  2^  miles  below  its 
separation  firom  the  river.  It  reached  the  district  by  a  course  a  little 
south  of  west,  and  four  principal  laterals  were  extended  from  it  west- 
ward into  the  district. 

The  canal  system  cost  the  district  $50,000  in  bonds  and  an  additional 
$11,000  represented  by  outstanding  warrants.  Here,  as  in  other  dis- 
tricts, bonds  did  not  sell  readily  for  cash  at  or  above  the  limit  pre- 
scribed by  law,  and  here  too  the  bulk  of  them  went  to  the  contractors 
of  ditch  work  through  a  nominal  purchaser. 

The  tax  collector  of  the  district  has  been  temporarily  enjoined  from 
selling  property  for  delinquent  taxes.  The  residents  of  the  districts 
do  not  seem  able  to  pay  the  irrigation  tax,  which  has  been  from  3  to 
over  4  yer  cent  per  annum.  The  operating  expenses,  including  salaries 
•of  all  officials  and  employees,  were  about  $3,000  while  the  district  was 
still  in  operation.  Irrigation  has  therefore  been  extended  very  little, 
if  any,  under  the  district  system,  so  that  on  the  whole  the  outlook  for 
this  district  is  not  encouraging. 

METHODS  OF  IRRIGATION. 

Irrigation  from  Tnle  Biver,  with  its  many  channels  of  slight  depth, 
is  very  readily  accomplished ;  so  easily,  in  fact,  that  most  of  the  farmers 
along  its  banks  have  in  the  past  drawn  its  water  through  small  ditches, 
generally  owned  in  common  by  several  irrigators.  Small  high-water 
ditches,  frequently  without  head  gates,  are  numerous,  and  there  are  bat 
few  irrigation  works  on  a  large  scale.  The  dams  in  use  to  divert  the 
water  into  the  heads  of  the  ditches  are  usually  temx)orary  structures 
of  sand  and  brush.  The  only  ones  which  are  expected  to  withstand  the 
freshets  are  those  at  canal  heads  above  Porterville.  The  banks  of  Tale 
River  are  so  low  that  but  little  cutting  is  required  to  carry  water  from 
the  point  of  diversion  away  from  the  river  banks.  Only  the  lands  near 
and  above  Piano  and  Porterville,  and  those  along  the  Farmers'  Ganal) 
arc  favored  with  water  for  irrigation  during  more  than  the  spring 
months. 

Crops  cultivated  above  Porterville  are  principally  fruits,  including 
citrus  fruits,  for  which  this  section  is  famed,  vegetables,  and  other 
summer  crops.  Below  Porterville  the  most  important  crop  irrigated  is 
alfalfa.  Most  of  the  irrigated  land  near  Porterville  and  Piano,  where 
not  in  the  river  bottom,  is  a  moderately  dark  loam.  Water  is  applied 
to  trees,  vines,  and  vegetables  in  furrows  run  between  rows.  The  slope 
of  the  ground  in  the  region  just  indicated  is  ordinarily  too  great  to 
permit  of  irrigation  by  any  of  the  systems  of  flooding  in  checks,  as 
elsewhere  practiced.  When  irrigating  in  furrows,  the  water  is  deliv- 
ered into  a  number  of  these  at  the  same  time  from  a  small  distributing 
ditch.  The  quantity  of  water  admitted  into  each  is  so  small  that  it 
does  not  cause  erosion.  As  soon  as  the  loose  soil  between  furrows  is 
thoroughly  wet,  irrigation  is  complete  and  water  is  turned  off. 
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This  system  of  irrigation  was  observed  on  a  hillside  abont  1  mile 
)a8t  of  Porterville.  Water  was  diverted  from  a  branch  of  the  Pioneer 
3anal  into  a  small  distributary  lying  along  the  upper  edge  of  the 
>rchard  to  be  irrigated.  The  amount  used  as  an  irrigating  head  was 
bbout  half  a  second-foot.  From  the  distributing  ditch  the  water  was 
iiverted  at  regular  intervals  through  small  tubes  of  tin,  stuck  through 
(hort  boards  and  placed  temporarily  into  the  side  of  the  ditch  ^  thence 
t  found  its  way  into  the  furrows.  The  grade  of  the  furrows  was  about 
L  foot  in  20.  The  water  was  allowed  to  flow  in  thirty  furrows  at  the 
lame  time  and  required  the  attention  of  one  man.  Constant  attendance 
iras  required,  but  the  labor  was  very  light.  This  system  of  irrigation 
san  be  practiced  to  advantage  only  in  the  daytime.  The  furrows  were 
tbout  3  feet  apart  ^  there  were  three  furrows  between  each  two  rows  of 
iireeci. 

By  means  of  this  system  of  irrigation  the  ground  was  wet  to  a  depth 
>f  3  feet  or  more.  After  a  few  days  the  ground  was  well  cultivated,  in 
>rder  to  reduce  the  loss  of  water  irom  the  surface  by  evaporation.  The 
M>il  of  the  tract  thus  irrigated  is  a  light  black  loam,  a  dry  bog,  which 
)6comes  very  soft  and  sticky  when  wet.  The  proprietor  gave  bis  vines 
knd  trees  only  one  irrigation  per  annum.  The  average  annual  rainfall 
n  this  vicinity  is  about  11  inches.  It  is  less  at  points  farther  west, 
)eing  only  about  7  inches  along  the  central  line  of  Ban  Joaquin  Valley 
tt  points  opposite  Porterville. 

Lands  along  Tule  Eiver  west  of  Porterville  are  for  the  most  part 
evel  and  have  a  smooth  surface.  Irrigation  is  generally  accomplished 
>y  flooding  in  checks  having  an  area  of  only  a  few  acres  each.  Alfalfa  is 
rrigated  every  four  to  six  weeks  while  water  is  available;  orchards  and 
oneyards,  once  or  twice  a  season,  according  to  water  supply ;  corn  land, 
ordinarily  once  before  seeding;  and  vegetables,  almost  continuously 
luring  the  time  water  is  available.  Every  ditch  owner  tries  to  keep 
vater  in  his  ditch  as  long  as  x)ossible,  because  it  is  useful  for  stock 
)ari>oses  when  not  required  for  irrigation.  The  soil  along  the  river  is 
generally  a  sandy  loam,  usually  resting  on  firm  clay,  called  hardpan, 
bund  at  a  depth  of  1  to  6  feet.  Ground  water  near  the  river  is  about 
[4  feet;  it  is  to  some  extent  affected  by  the  flow  of  water  in  the  river 
uid  in  ditches  and  its  use  in  irrigation ;  but  the  time  between  irrigation 
)eriods  is  so  long  that  the  water  table  has  not  been  permanently  raised 
n  consequence  of  irrigation.  Irrigation  has  produced  no  marked 
shanges  in  the  character  of  the  soil,  though  it  is  occasionally  claimed 
x>  have  been  the  cause  of  an  increase  of  alkali  at  the  surface  of  some 
)f  the  lands  irrigated.  Fevers  are,  and  always  have  been,  prevalent  to 
}ome  degree  along  Tule  Biver,  and  it  is  not  possible  from  the  limited 
lata  collected  to  determine  to  what  extent  the  healthfulness  of  the 
x)untry  has  been  affected  by  the  practice  of  irrigation. 

Private  ownership  of  ditches  has  been  the  rule  on  Tule  Biver. 
Che  sale  and  measurement  of  water  is  now,  however,  about  to  become 


INDEX. 


Page. 
fttiondUtriot,  aituation  and  orxani- 

.f 24 

I  Canal,  decoriptioxi  of 4S-49 

:ich,  descriptioxi  of 43 

ch,  deacription  of 60 

;»i  Ditch,  deaoription  of 89 

pi  Sc  Cielghton  Cana),  description 

89-90 

Id,  examplee  of  irrigation  near. . .  09-70 

■rria  Ditch,  description  of 82 

<ch,  description  of 89 

r  Canal,  description  of 50-51 

''aUey  irrigation  district,  notes  on.  23-24 

sta  Canal,  description  of 49 

Sloogli,  description  of 81 

Canal,  description  of 51-55 

I  Ditoh,  description  of 76 

Itch,  description  of 48 

Tigation  distriot»  location  and  area 

28 

arrow  irrigation  of 32 

evel),  farrow  irrigation  in 33 

ity  irrigation  district,  location  of.       23 
rigation  district,  location  and  area 

23 

reparing  land  for  irrigation 67 

Mtoh,  description  of 75 

itch,  description  of 83 

)k,  irrigation  from 76 

)k  Consolidated  Ditch,  description 

76 

nal,  description  of. 61 

water,   examples    of   Irrigation 

g 69-75 

Ditoh,  description  of 58 

:ch,  description  of 88 

Mtch,  description  of 82 

Itch,  description  of. 55 

Ditch,  description  of 83 

Canal,  description  of 47 

Ditch,  description  of 85 

)h,  description  of .• 80 

dtch,  description  of 83 

Abley  Ditch,  description  of 48 

between  parallel  levees,  descrip- 
31-32 

in  oontonr  checks,  description 

27-29,66 

in  level  checks,  description  of. . . .  30-31 
in  reotangnlar  checks  (not  level), 

tiott.of. 29-30 

dtch,  description  of 5«) 

*  Ditch,  description  of 88 

Tigation,  description  of 32-33 


Page. 

Gates  Canal,  description  of 49 

Gilliam  Ditch,  description  of 87 

Goose  Lake  Canal,  description  of 56 

Great  American  Ditch,  description  of 84 

Gaily  Ditch,  description  of 83 

Henley  Ditch,  description  of 50 

Hively  Ditch,  description  of 83 

Hockett  Ditch,  description  of 87 

Habbs  Sc  Miner  Dilcb,  description  of 87-88 

fiansaker  Ditch,  description  of 88 

Horon  irrigation  district,  location  of 25 

Irrigation,  methods  of 26-36, 66-68, 9^94 

State  control  and  legal  regulation  of 

water  snpply  for 19-22 

Irrigation  districts,  details  concerning  ....  23-25 

James  Canal,  description  of 49-50 

James  &.  Dixon  Canal,  description  of 58-59 

Johnson  Canal,  description  of 59-60 

Joice  Canal,  description  of 60-61 

Jones  Ditch,  description  of 88 

Jones  &  Tuckey  Ditch,  description  of 56 

Kern  and  Talare  irrigation  district,  notes 

on 25,68 

Kern  Island  Canal,  description  of 43-45 

Kern  River,  hydrography  of 87-41 

irrigation  fh>m 42-75 

Kern  Valley  Water  Company's  canals,  de- 
scription of 61-63 

Klein  Ditch,  description  of 89 

Kraft  irrigation  district,  location  of 28 

Lamarsna  Ditch,  description  of 89 

Legal  regulations  of  use  of  running  water, 

methods  of 19-22 

Level  ch«cks,  furrow  irrigation  in 33 

Lindsay,  pnmp  irrigation  at 94 

Lone  Oak  Slongh,  description  of 83 

Madera  irrigation  district,  location  and  area 

of 24 

May  Ditch,  description  of 60 

McCaffery  Ditch,  description  of. 51 

McCord  Canal,  description  of 51 

McGee.  Putnam,  St,  Caldwell  Ditch,  descrip- 
tion of 87 

Meacbam  Canal,  description  of 50 

Mitchell,  Springer,  &  Rose  Ditch,  desorip* 

tion  of 79 

Modesto  irrigation   district,  location   and 

area  of 24 

M.  M.  Burnett  Ditch,  description  of 88-89 

Measurement  of  water,  modes  of 65-66 

Newell,  F.  H.,  letter  of  transmittal  by 11 

Old  English  Ditch,  description  of 81 

Old  South  Fork  of  Kern  River,  description 

of 46-47 

95 


94  IRRIQATION    NEAR    BAKEBSFIELD,    CALIFORNIA.  r>o.l7. 

an  established  fact  oq  the  Pioueer  Oanal,  and  has  already  been  intro- 
duced in  the  Tnle  Biver  irrigation  district;  but  it  practically  amoonts 
only  to  systematizing  water  distribution,  compelling  economic  use,  aud 
putting  the  burden  of  canal  maintenance  upon  the  irrigator  alone,  the 
sale  being  restricted  either  to  holders  of  canal  stock  or  to  taxpayers  iu 
a  district. « 

PUMP  IRRIGATION  AT  JANDSAIT. 

The  water  development  by  means  of  artesian  wells  in  San  Joaqnin 
Valley  is  a  subject  of  considerable  interest,  but  can  not  be  dealt  with 
fully  in  this  paper,  owing  to  lack  of  detailed  information  concerning 
recent  developments.  But  the  use  of  water  secured  by  pumping  from 
a  subsurface  source  has  been  so  successful,  in  at  least  one  portion  of 
the  field  under  consideration,  that  a  brief  reference  to  it  will  not  be  oat 
of  place. 

Lindsay  is  a  new  settlement  on  the  east-side  valley  plain,  about  10 
miles  northwest  of  Porterville.    It  was  at  first  proiK)sed  to  bring  water 
into  that  locality  from  Kaweah  River,  but  before  the  difiicnlties  in  the 
way  of  canal  construction  were  overcome  it  was  found  that  a  layer  of 
sand  at  about  60  to  65  feet  below  the  surface  afforded  a  fair  supply 
of  water.    Centrifugal  pumps  have  been  brought  into  service  to  develop 
this  water  supply.    The  pumps  are  placed  in  pits  about  30  feet  deep, 
near  the  surface  of  the  ground  water,  and  water  is  delivered  by  theio 
through  pipes  to  the  place  of  use.    Both  steam  and  gasoline  engines 
are  in  use  to  supply  power.    The  irrigation  is  confined  almost  ezcla- 
sively  to  citrus  fruits,  the  cultivation  of  which  commenced  in  this  locality 
about  five  years  ago.    The  water  surface  in  the  wells  is  lowered  duriog 
pumping  from  10  to  27  feet,  according  to  pump  capacity.    The  total 
height  water  is  raised,  including  friction  in  pipes,  is  said  to  exceed  in 
some  cases  70  feet.    One  irrigator,  with  2^  cords  of  oak  wood  at|4a 
cord,  aud  one  pump,  claims  to  be  able  to  irrigate  from  20  to  25  acres  of 
orchard  land  per  day,  according  to  distance  from  pump.    The  method 
of  irrigation  is  by  multiple  furrows  between  rows  of  trees.    The  soil  is 
a  rather  stiff,  chocolate-colored  loam. 

There  are  four  steam  pumping  plants  and  about  six  gasoline  pnmpiDg 
plants  now  in  that  vicinity. 

Irrigation  is  continued  throughout  the  summer  months  from  about 
May  1  to  October  1.  Trees  over  one  year  old  receive  water  every  Ave 
to  six  weeks  ^  younger  trees  more  frequently. 
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Division  of  Hydrography, 
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lotion  near  Fresno,  California,  by  Mr.  0.  E.  Grunsky,  and  to  recom- 
cid  that  it  be  published  as  one  of  the  series  of  pamphlets  on  Water 
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I  Fresno. 
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Hydrographer  in  Charge. 
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IRRIGATION  NEAR  FRESNO,  CALIFORNIA/ 


By  0.  E.  Gbunsky. 


KAWEAH  RIVER. 
HYDROGRAPHY. 

Kaweah  Biver  enters  San  Joaquin  Valley  from  the  east,  passing 
between  Dillons  Point  on  the  north  end  and  Wntchumna  Hill  on  the 
south,  about  15  miles  east  of  Visalia.  Its  drainage  basin  above  that 
point  has  an  area  of  619  square  miles,  mostly  low  mountain  country. 
The  river  has  a  perennial  flow,  but  its  flow  is  comparatively  small  at  low 
stages,  ordinarily  about  30  second-feet.  The  low-water  period  usually 
begins  in  August  and  continues  through  January.  The  river  is  sub- 
ject to  freshets  in  the  winter  months,  and  is  at  its  highest  stages  in 
April,  May,  and  June.  Medium  stages  are  expected  throughout  Feb- 
ruary, March,  and  July.  The  monthly  mean  flow  at  the  river's  highest 
stage  exceeds  4,000  second-feet.^ 

Before  the  freshets  of  1861-G2,  which  have  become  memorable,  the 
river  annually  overflowed  large  areas  in  its  course  across  the  east-side 
valley  plain,  and  numerous  high-water  channels  carried  its  waters 
toward  Tulare  Lake.  The  portion  of  its  overflowed  district  to  the  east 
of  or  above  Visalia  is  generally  referred  to  as  Visalia  Swamp.  Four  of 
the  river  channels — Elbow  Creek,  Visalia  or  Mill  Creek,  Packwood 
Creek,  and  Deep  Creek — gave  the  name  of  "  Four  Creek  Country  "  to 
the  vicinity  of  Visalia.  The  channel  at  the  northern  edge  of  the  over- 
flowed land  was  known  as  Canoe  Creek  above  Iron  Mountain,  and  as 
Elbow  Creek  below  that  point.  The  course  of  Elbow  Creek  is  north 
of  west  to  a  junction  with  Cottonwood  Creek,  a  small  water  course 
from  the  northeast,  thence  southwesterly  to  a  reunion  with  Kaweah 
River  water  in  Cross  Creek,  which  name  is  given  to  thfe  lower  i)ortion 


>For  an  acooant  of  irrigation  in  other  parta  of  San  Joaqnin  Valley,  see  Water-Sapply  and  Irriga- 
tion Papers  Kos.  17  and  19.  These  three  papers  are  based  largely  upon  Id  formation  collected  by  the 
State  engineering  department  of  California  ten  years  ago,  and  are  intended  to  supplement  the  two 
▼olnmes  issued  by  that  department,  namely:  Irrigation  Development,  History,  Customs,  Laws,  etc., 
in  France,  Italy,  and  Spain,  by  Wm.  Ham.  HaU,  C.  E.,  State  Engineer,  Sacramento,  (/alifornia,  1886 ;  and 
Irrigation  in  California  (Southern),  Part  2  of  Keport  of  Wm.  Ham.  Hall,  C.  E.,  State  Engineer  of  Call, 
fomia,  1888.    (See  introductory  paragraph  on  page  13  of  Water-Supply  and  Irrigation  PajKsr  Xo.  17.) 

'Physical  Data  and  Statistics,  Wm.  Ham.  Hall,  State  Engineer  of  California,  pp.  455,  476. 
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of  St.  Johns  Ghaiiuel  of  the  river.    Deep  Creek  was  the  principal 
south  marginal  stream.    It  received  water  from  the  main  channel  of 
the  river  8  miles  east  of  Yisalia  and  lost  its  identity  about  5  miles 
southeast  of  Visalia,  where  its  waters  spread  and  were  received  into 
other  channels  of  different  names.    Yisalia  Creek  and    Packwood 
Creek  were  the  names  given  to  the  two  water  courses  into  which  the 
main  channel  of  Kaweah  River  separated  5  miles  above  Yisalia.    The 
coarse  of  Yisalia  Creek  was  westerly  through  Yisalia,  that  of  Pack- 
wood  Creek  southwesterly.    To  understand  the  changes  made  in  the 
system  of  principal  channels  of  the  river  by  the  high  waters  of  1862 
and  the  effects  of  these  changes,  it  is  necessary  to  know  that,  even 
preceding  that  year,  irrigation  and  drainage  work  had  been  done  in 
the  Kaweah  River  delta.    The  Shipp  Cut  had  been  made  in  1854.   It 
was  a  small  drain  ditch  from  the  swamp,  near  where  Rocky  Ford  now 
is,  southwesterly  to  a  connection  with  Canoe  Creek.    A  canal  had 
been  constructed  from  Yisalia  Creek  into  Yisalia  to  supply  power  to  a 
flour  mill.    The  Lander  Ditch,  the  Watson  Ditch,  and  a  number  of 
other  small  ditches  from  Yisalia  and  Packwood  creeks  had  also  become 
dependent  upon  the  flow  of  water  in  the  river  channels  at  the  south  of 
Yisalia.    The  freshets  of  1861-62  cut  a  new  channel  from  a  point  on 
Kaweah  River  about  14  miles  east  of  Yisalia  in  a  northwesterly  direc- 
tion toward  and  along  the  northern  border  of  Kaweah  River  Swamp. 
Shipp  Cut  and  a  section  of  Canoe  Creek  were  enlarged  by  the  flood 
waters  and  became  a  part  of  this  new  channel,  and  finally  a  connec- 
tion was  established  with  the  Cross  Creek  chancel  below  Yisalia^  and 
thus  St.  Johns  Channel  of  Kaweah  River  was  permanently  estab- 
lished.   At  the  same  time  a  new  high-water  channel  was  washed  oat 
toward  the  northeast  from  a  point  on  Kaweah  River  6  miles  above 
Yisalia  to  a  connection  with  this  new  channel.    This  is  known  as  Sand 
Slough,  which  still  remains  as  a  connection  between  the  two  river 
channels  at  a  point  where  they  are  only  about  one-half  mile  apart. 
The  same  high  waters  caused  so  much  erosion  in  Landers  Ditch  that 
it  became  a  branch  of  the  river,  and  is  generally  referred  to  as  Landers 
Slough.    Its  upper  portion  was  long  in  use  as  the  channel  through 
which  the  Consolidated  Peoples  Ditch  received  its  water. 

The  upper  sections  of  the  original  main  channel  of  Kaweah  Eiver 
were  obstructed  by  the  drift  and  silt  deposits  of  these  freshets,  and  as  the 
low-water  period  of  1862  approached,  it  was  found  that  water  was  scarce 
for  those  depending  upon  Deep  Creek,  Packwood  Creek,  and  Yisalia 
Creek  for  their  supply,  and  many  projects  were  proposed  for  relief. 
During  the  years  immediately  following,  a  number  of  ditches  were  con- 
structed from  the  St.  Johns  Channel  of  the  river,  near  Rocky  Ford, 
southwesterly  to  the  original  main  channel.  Such  were  Longs  Canal^ 
Ketchuni  Canal,  and  the  Bostwick  Cut.  All  of  these  were  intended 
to  increase  the  flow  in  the  delta  streams  at  and  southward  of  Yisalia* 
After  much  contention  between  settlers  on  these  several  streams  as  to 
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the  apportionment  of  their  scant  sapply  of  water,  it  was  agreed,  in  1867, 
that  a  gate  should  be  constmcted  in  the  head  of  Yisalia  Greek.  This 
gate  was  not,  however,  maintained  long.  The  freshets  of  1867--68  were 
almost  equal  to  those  of  1861-62  and  effected  fnrther  enlargement  of 
the  St.  Johns  Channel.  They  refilled  and  otherwise  destroyed  some 
of  the  ditches  that  had  been  opened  as  connections  between  the  two 
rivers.  They  washed  out  the  gate  in  the  head  of  Yisalia  Greek,  and 
partially  closed  the  heads  of  Pack  wood  and  Deep  creeks.  They  enlarged 
Sand  Slough.  At  the  same  time  the  npper  portions  of  the  old  channel 
of  Kaweah  Kiver  were  further  obstructed  by  drift  and  silt,  and  a  new 
head  of  St.  Johns  Ghannel  was  eroded  about  a  mile  above  the  former 
XK>int  of  separation  of  the  two  channels. 

To  overcome  the  increased  difficulties  of  keeping  a  good  supply  of 
water  in  those  channels  of  the  river  reaching  the  vicinity  of  Visalia, 
many  ineffectual  efforts  were  made  and  much  money  was  almost  use- 
lessly expended  until,  in  1877,  a  contract  was  entered  into  with  Mr. 
Samuel  Fowler  by  the  Kaweah  Ganal  and  Irrigation  Company,  the  Con- 
solidated Peoples  Ditch  Company  being  an  interested  party,  to  open 
the  old  channel  of  the  river.  The  cut  then  made,  practically  following 
the  old  channel,  was  enlarged  and  deepened  by  erosion,  until  a  few 
years  thereafter  it  was  again  the  low-water  channel  of  Kaweah  Biver. 
Another  obstructed  section  of  the  old  channel  near  the  head  of  the 
Consolidated  Peoples  Ditch,  about  10  miles  east  of  Yisalia,  was  improved 
about  the  same  time  by  the  Kaweah  and  Mill  Creek  Water  Company, 
and  has  since  been  known  as  the  Yisalia  Gut  or  Hamilton  Cut. 

The  obstructed  head  of  Packwood  Creek  was  improved  by  the  Eocky 
Ford  Canal  Company,  but  was  not  in  service  long.  This  creek  now 
receives  its  principal  supply  of  water  through  the  Bacon  &  Crossmore 
Gut  from  Yisalia  Greek.  It  has  a  southwesterly  course,  and  such  of  its 
water  as  is  not  used  for  irrigation  is  delivered  into  Tulare  Lake. 

Gross  Creek  has  already  been  mentioned  as  receiving  the  water  of  St. 
Johns  Ghannel,  Elbow  Greek,  and  Cottonwood  Greek.  After  approach- 
ing within  4  miles  of  Traver  its  course  becomes  southwesterly  to  a  uuion 
with  some  of  the  old  high-water  delta  channels  of  Kings  Biver.  Its 
course  is  thence  southerly  along  the  eastern  border  of  this  delta  to 
Tulare  Lake,  which  receives  its  water. 

Yisalia  or  Mill  Greek  separates  into  two  channels  soon  after  passing 
through  Yisalia.  The  course  of  one  of  these  is  a  little  north  of  west, 
that  of  the  other  southwest.  Both  unite  witli  Gross  Greek  before  reach- 
ing Tulare  Lake. 

Cameron  Greek  is  one  of  the  lesser  delta  channels  of  Kaweah  Eiver. 
It  receives  a  portion  of  the  flow  of  Deep  Creek  at  a  point  about  6  miles 
due  east  from  Yisalia,  and  has  a  southwesterly  course  to  Tulare  Lake. 
It  passes  just  to  the  northward  of  Tulare.  An  artificial  channel  at  the 
head  of  this  water  way,  constructed  to  improve  its  connection  with  Deep 
Greek,  was  closed  by  an  order  of  court  some  years  ago. 
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Deep  Greek  has  already  been  mentioned.  Its  waters  at  the  spread  or 
sink  of  the  creek  were  conducted  by  small  artificial  channels  into  Lower 
Deep  Creek  and  Bates  Slough.  These  artificial  channels  were  soon  so 
enlarged  by  erosion  that  the  two  lower  sloughs  have  become  extensions 
of  the  Deep  Greek  channel  and  conduct  its  waters  onward  southwesterly 
toward  Tulare  Lake. 

Outside  Greek  has  a  course  along  the  eastern  margin  of  the  Kaweah 
delta.  The  creek  can  not  be  traced  to  a  direct  connection  with  tlie 
present  river  channels.  It  may,  in  fact,  be  regarded  as  the  extension 
into  the  river  delta  of  Yokohl  Greek,  a  small  stream  draining  a  x)ortion 
of  the  foothill  section  intermediate  between  the  Kaweah  liiver  and  Tale 
River  drainage  basins;  but  in  times  of  flood  the  natural  flow  of  some 
of  the  river  water  was  into  depressions,  reaching  a  point  that  may  be 
regarded  as  the  head  of  Outside  Greek,  about  0  miles  east  of  Yisaha. 
The  creek  now  receives  an  occasional  inflow  of  foothill  drainage  waters 
from  the  east  and  the  waste  water  from  some  of  the  branches  of  the 
Gonsolidated  Peoples  Ditch.  The  water  of  Outside  Greek  is  distributed 
to  a  number  of  channels,  the  most  southerly  of  which  is  Elk  Bayoo, 
which  unites  southeast  of  Tulare  with  the  old  channel  of  Tule  River, 
and  thence  has  a  southwesterly  course  to  a  union  with  the  present  main 
channel  of  Tule  River. 

CANALS  AND  DITCHES. 

Wutchumna  Canal — This  is  the  upper  north-side  diversion  of  water 
from  Kaweali  River.  The  head  of  the  canal  is  at  the  base  of  the  slope 
of  Dillons  Point,  a  foothill  spur  rising  to  the  northward.  Thence  it 
has  a  westerly  course  for  4  miles  to  a  flat  depression,  which  its  water 
converts  into  a  lake  of  about  40  acres,  known  as  Bravo  Lake.  Leaving 
Lake  Bravo,  the  westerly  course  of  the  canal  is  maintained  4  miles 
farther  to  the  northern  base  of  Iron  Mountain,  and  thence  6  miles  sontb- 
westerly  to  St.  Johns  Channel,  about  4  miles  above  Yisalia,  where  its 
water  is  carried  over  the  river  channel  in  a  flume.  The  main  canal 
then  flows  westerly  near  the  south  bank  of  the  river  about  2  miles  to 
a  junction  with  Old  or  Lower  Wutchumna  Ditch,  whose  branches 
extend  far  to  the  west  of  Yisalia. 

The  Wutchumna  Water  Gompany  was  incorporated  in  1872  for  the 
avowed  purpose  of  effecting  a  better  distribution  of  water  to  the  sev- 
eral ditches  dependent  upon  Kaweah  River  for  their  supply,  but  various 
difficulties  were  encountered  which  prevented  the  enterprise  from  meet- 
ing with  anticipated  success,  and  it  was  not  until  1880  that  a  connec- 
tion between  the  upper  diversion — work  on  which  is  reported  to  have 
commenced  in  1872 — and  the  distributing  system  of  the  lower  canal 
was  finally  established.  The  lower  canal  was  constructed  in  1873  or 
1874.  Its  head  is  on  the  south  side  of  the  St.  Johns  Ghannel  of 
Kaweali  River,  about  3  miles  northeast  from  Visalia.  It  established  a 
direct  southerly  connection  between  St.  Johns  River  and  Yisalia  Greek, 
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and  for  three  years  its  water  furnished  power  for  the  flour  mill  in 
Yisalia.  The  principal  branch  of  tbe  Lower  Watchamna  Ganal  has  a 
westerly  course,  passing  just  to  the  north  of  Yisalia  and  terminating 
at  a  point  about  4  miles  south  from  Goshen. 

The  first  work  at  the  head  of  the  Wutchumna  Ganal  seems  to  have 
been  done  by  Stephen  Barton,  who  subsequently  appears  as  one  of  the 
directors  in  the  Pioneer  Ganal  Gompany,  which  was  incorporated  in 
1877,  and  which  during  that  season  constructed  a  ditch  on  the  line 
adopted  by  the  Wutchumna  Ganal  as  far  as  Bravo  Lake.  When  the 
Wutchumna  Ganal  Gompany,  as  successor  of  the  Pioneer  Gompany, 
assumed  control,  this  upper  ditch  was  extended  along  the  route  already 
described. 

The  canal  head  gate  or  regulator  has  been  placed  in  a  rock  cut,  and, 
as  a  result  of  this  location  of  the  head  of  the  canal,  expenditures  of 
maintenance  became  unusually  heavy  when,  a  few  years  after  the 
canal  came  into  use,  it  became  necessary  to  cut  the  upper  section  of 
the  canal  4  feet  deeper. 


Fio.  1.— Head  of  Watchiimua  Canal. 


This  was  done  at  a  cost 
of  $6,000.  The  total 
cost  of  canal  construc- 
tion has  probably  ex- 
ceeded $60,000.  The 
head  gate  width  is  20 
feet,  and  this  may  be 
regarded  as  the  aver- 
age bed  width  of  the 
canal  throughout  its 
principal  section.  Its 
fall  is  reported  to  be 
nearly  7  feet  to  the  mile 
for  4  miles,  thence  2^  feet  to  the  mile.  The  flume  across  St.  Johns  Kiver  is 
14  feetwide,2  feet  deep,  and  about  150  feet  long.  Itwas  built  in  1880.  The 
head  gate  of  the  Lower  Wutchumna  Ganal  is  a  little  over  11  feet  wide. 
For  a  distance  of  about  4  miles  westward  from  Lake  Bravo  the  canal 
follows  the  original  alignment  of  the  Gurtis  &  Lindsey  Ditch.  This 
ditch  was  enlarged,  and  its  owners  were  granted  a  right  to  use  that  sec- 
tion of  the  Wutchumna  Ganal. 
*  The  canal  is  owned  by  an  incorporated  company  whose  shares  are  all 
in  the  hands  of  about  thirty  persons.  All  canal  expenses  are  met  by 
assessment  of  the  stockholders.  Each  stockholder  is  entitled  to  a  pro- 
portional part  of  the  water  in  the  canal,  and  he  may  dispose  of  this  at 
his  pleasure.  He  may  lease  this  to  whom  he  pleases,  but  not  in  less 
amounts  than  full  shares.  The  distribution  of  water  is  in  charge  of  a 
canal  superintendent,  who  apportions  it  to  the  various  distributing 
ditches  in  proportion  to  the  number  of  shares  represented  in  each. 
Although  the  company  owns  some  of  the  shares  of  stock,  these  are  not 
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for  sale,  nor  will  the  company  lease  tbem  or  the  water  which  they  repre- 
sent. By  retaining  these  the  company  increases  the  proportioDal  part 
of  water  represented  by  each  of  the  other  shares.  The  canal  company 
bears  the  expense  of  the  necessary  stractares  at  the  heads  of  distrib- 
uting ditches,  but  does  not  keep  them  in  repair  or  replace  them  if 
destroyed.  This  has  to  be  done  under  direction  of  the  canal  superin- 
tendent by  the  parties  directly  interested  in  their  maintenance. 

Curtis  &  Lindsey  Ditch. — This  ditch  has  its  head  on  the  north  side  of 
St.  Johns  Eiver,  4  miles  below  the  head  of  the  Wutchomna  Canal.  It 
has  a  northwesterly  course  for  one-half  mile  to  a  connection  with  the 
Wutchumna  Canal,  into  which  it  drops  its  water.  Four  miles  below 
this  iK)int  the  water  dropped  into  the  Wutchumna  Canal  is  again  tato 
out  by  a  ditch  4  miles  long  having  a  northwesterly  course  and  termi- 
nating on  the  bottom  lands  of  Cottonwood  Creek.  The  Curtis  &  lind- 
sey Ditch  was  constructed  in  1876,  and  its  extension  toward  Cotton- 
wood Creek  was  made  in  the  following  year.  Soon  afterwards  4  miles 
of  its  course  were  adopted  as  the  alignment  for  the  Wutchumna  Canal, 
so  that  the  ditch  now  appears  in  two  sections,  of  which  the  lower  one 
may  also  be  considered  a  branch  of  the  Wutchumna  Canal.  The  ditch 
is  also  known  as  the  Curtis,  Lindsey  &  MofBtt  Ditch.  Its  width  was 
about  10  feet  on  the  bottom,  and  its  fall  between  2  and  3  feet  to  the 
'mile,  but,  so  far  as  known,  the  extent  of  irrigation  from  it  has  not 
exceeded  several  hundred  acres. 

Venice  Ditch, — This,  called  also  North  Side  Bocky  Ford  Ditch,  is  a 
small  north- side  ditch  which  seems  to  have  been  first  used  about  1873. 
It  was  extended  and  enlarged  somewhat  in  1877.  Its  head  is  at  Kocky 
Ford.  It  has  a  westerly  course  to  Iron  Mountain,  thence  skirts  the 
eastern  and  southern  base  of  this  mountain,  and  terminates  2  miles 
farther  west.  It  is  about  6  miles  long  and  3  to  8  feet  wide.  Ownership 
in  the  ditch  is  represented  by  shares  held  by  the  farmers  who  use  its 
water. 

Elbow  Ditch  No.  1. — The  flow  of  Elbow  Creek,  which  leaves  St.  Johns 
Biver  at  a  point  about  5  miles  above  Yisalia,  is  controlled,  in  a  measure 
at  least,  by  a  regulator  or  head  gate  8  feet  wide,  and  is  frequently 
referred  to  as  Elbow  Ditch  No.  1.  The  upper  part  of  the  creek  is  an 
enlargement  by  erosion  of  a  portion  of  the  ditch  known  as  Shipps  Cnt, 
which  was  constructed  in  1854. 

Matthew  Ditch^  or  Elbow  Ditch  No.  2. — ^This  is  a  small  ditch  havinf 
its  head  on  the  north  side  of  St.  Johns  Biver,  about  2  miles  below  the 
head  of  Elbow  Creek.  It  was  constructed  in  1855,  ^ut  with  a  some* 
what  different  alignment  from  the  present.  The  freshets  of  1861-^^ 
so  changed  the  i)osition  and  character  of  Kaweah  Biver  that  the  head 
of  the  ditch  had  to  be  carried  upstream.  It  is  difficult  to  determine 
whether  the  ditch  remained  in  continuous  use.  The  head  gate  was 
put  into  the  new  ditch  in  1875  and  was  set  somewhat  lower  than 
the  bed  of  the  river.    A  few  years  later  erosion  had  progressed  io 
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the  river  channel  to  such  extent  that  a  wing  dam  had  to  be  used  to 
divert  water  into  the  ditch.  The  ditch  has  a  northwesterly  course,  is 
about  6  miles  long,  G  feet  wide  on  the  bottom,  carries  water  about  1^ 
feet  deep,  and  has  a  grade  of  about  6  feet  to  the  mile.  It  irrigates 
between  200  and  300  acres,  of  which  nearly  one-half  is  alfalfa. 

Curtis  Ditch. — About  1879  there  was  a  small  ditch  in  use  occasionally 
for  the  irrigation  of  a  few  acres  of  alfalfa  on  the  north  side  of  St.  Johns 
River  about  a  mile  below  the  head  of  the  Matthew  Ditch.  It  was 
known  as  the  Ourtis  Ditch,  and  has  fallen  into  disuse. 

Weston  Ditch. — Another  abandoned  small  ditch  which  was  in  use 
for  a  few  seasons  prior  to  1880  on  the  north  side  of  the  river,  about  a 
mile  above  the  head  of  the  Uphill  Ditch,  was  the  Weston  Ditch. 

Uphill  Ditch. — ^This  is  another  north-side  ditch.  Its  head  is  half  a 
mile  above  the  road  leading  northward  from  Yisalia.  Diversion  is 
made  from  the  river  without  the  use  of  any  permanent  weir.  The 
diverted  water  is  led  in  a  cut 
a  few  hundred  yards  north- 
westerly and  is  dropped  into 
a  natural  depression  or 
high-waterchannel,  in  which 
it  continues  on  the  same 
course  half  a  mile.  Thence 
it  is  taken  in  the  ditch 
proper  northerly  about  3 
miles  to  the  place  of  use  in 
the  vicinity  of  Elbow  Creek. 
The  head  gate  is  8  feet  wide. 
It  is  in  the  form  of  a  box  cul- 
vert, and  bears  a  heavy  fill 
of  sand  on  top,  intended  to 

give  it  stability.  The  sand  deposits  in  the  cut  to  the  river  above  the 
head  gate  have  made  it  somewhat  expensive  to  keep  the  head  of  the 
ditch  open.  The  ditch  was  constructed  in  1871.  It  was  made  8  feet 
wide  on  the  bottom,  and  was  intended  to  carry  water  2  feet  deep.  Its 
fall  is  20  inches  to  the  mile. 

Settlers  Ditch. — This  is  a  canal  which  for  many  years  was  of  consid- 
erable importance  as  a  source  of  water  supply  for  lands  in  the  eastern 
part  of  the  Kings  Eiver  delta.  The  canal  receives  water  through  a 
branch  of  Gross  Greek.  The  canal  regulator  is  on  the  north  side  of 
that  creek  3  miles  south  of  Traver.  The  creek  channel,  there  tapped 
by  the  canal,  is  really  the  extension  of  Cottonwood  and  Elbow  creeks, 
but  most  of  its  flow  comes  through  a  cut,  the  real  head  of  Settlers 
Ditch,  a  quarter  of  a  mile  long,  leading  from  the  main  channel  of  Gross 
Greek  to  its  northern  branch,  at  a  point  about  4  miles  above  the  Set- 
tlers Ganal  head  gate.  Where  the  canal  is  finally  diverted  from  Cross 
Creek  a  light  timber  weir  or  waste  gate  has  been  placed  across  the 
IBB  18 2 
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creek  channel.  The  canal  regulator  is  nearly  half  a  mile  below  the 
point  where  the  canal  leaves  the  natural  channel.  The  head  gate  is  32 
feet  wide.  It  has  eight  openings,  each  3  feet  6  inches  wide  in  the  clear. 
The  gates  closing  these  openings  are  provided  with  sterns  to  which 
power  is  applied  by  means  of  levers. 

The  canal  proper  has  a  bed  width  at  and  near  its  head  of  32  feet,  and 
can  carry  water  2i  feet  deep.  It  has  9  inches  fall  to  the  mile,  and  a 
capacity  of  75  to  80  second-feet.  The  width  of  the  canal  is  reduced 
within  3  miles  of  its  head  gate  to  24  feet  on  the  bottom,  and  its  fall  to 
6  inches  to  the  mile.  Its  course  is  a  little  south  of  west  for  5  miles  to 
a  point  where  its  water  is  divided,  being  carried  thence  southerly  in 
two  channels,  of  which  the  easterly  branch  is  about  4^  miles  long,  and 
the  westerly  about  7  miles.  The  ditch  commands  a  territory  of  abont 
8,000  acres,  of  which  as  much  as  5,000  acres  have  been  benefited  by  its 
water  in  a  single  season.  The  canal  construction  commenced  in  1874, 
and  considerable  land  was  irrigated  in  1876.  Water  was  available  only 
during  the  high  stages  of  Kaweah  Eiver. 

There  was  but  little  irrigation  with  water  from  this  canal  at  any  time 
to  the  east  of  the  Kings  River  delta  lands,  soils  being  too  alkaline  to 
encourage  cultivation.  The  extent  to  which  this  canal  is  now  in  use  is 
somewhat  problematical,  as  all  the  rights  to  water  which  it  was  sup- 
posed to  have  acquired  were  sold  to  the  Tulare  irrigation  district, 
which  has  made  a  diversion  from  the  St.  Johns  Kiver  about  oue-half 
mile  below  Bocky  Ford.  The  canal  is  still  in  service,  and  do^  not 
appear  to  have  suffered  great  diminution  in  its  supply  of  water  daring 
the  high- water  stage  of  the  river.  The  Settlers  Ditch  Company,  which 
built  the  Settlers  Oanal  at  a  first  cost  of  approximately  $35,000,  was 
incorporated  in  1874  with  a  capital  stock  of  $10,000,  in  50  shares  of 
$200  each.  These  were  held,  at  the  time  of  the  sale  of  the  canal  water 
rights,  by  about  50  persons. 

All  expenses  of  construction,  repairs,  maintenance,  and  management 
have  been  met  by  assessing  the  stockholders.  Each  share  of  stock 
entitles  its  holder  to  a  proportional  part  of  the  water  in  the  canaL 
Water  is  apportioned  to  each  branch  and  to  each  distributing  canal  in 
proportion  to  the  number  of  shares  for  which  each  draws  water,  ^o 
water  is  sold  by  the  canal  company,  nor  does  the  company  lease  any  of 
the  several  shares  which  have  reverted  to  it.  Each  stockholder,  how- 
ever, is  permitted  to  lease  his  water  to  other  persons,  and  can  have  it 
delivered  to  any  point  of  the  main  caual  or  its  branches  which  he 
selects.  Water  is  delivered  to  irrigators  through  gates  of  various 
forms,  generally  under  pressure.  Its  equitable  distribution  depends 
to  a  great  extent  on  the  judgment  of  the  superintendent.  Each  share 
of  water  is  supposed  to  be  sufficient  to  irrigate  160  acres.  The  cost 
of  water  to  the  irrigators  has  averaged  about  70  cents  per  acre  per 
annum. 

Lakeside  Ditch, — This  is  another  important  diversion  from  the  lower 
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portiou  of  Cross  Creek.  The  head  of  this  canal  is  4  miles  below  the 
head  gate  of  the  Settlers  Canal,  and  6  miles  west  from  Goshen.  The 
diversion  from  the  natural  creek  channel  is  accomplished,  as  in  the 
case  of  the  Settlers  Canal,  by  means  of  a  weir  or  waste  gat«  placed  in 
the  creek  channel  below  the  head  of  the  canal,  and  a  regulator  or 
head  gate  in  the  latter  about  one-half  mile  below  its  head.  The  weir 
is  a  light  timber  structure  arranged  as  a  series  of  gates.  It  has  a  total 
width  of  41  feet.  Its  nine  openings  between  vertical  posts  are  each  4 
feet  wide  in  the  clear.  The  canal  head  gate  has  a  width  of  31  feet. 
The  space  between  side  walls  is  divided  by  vertical  posts  into  six  open- 
ings, each  about  4^  feet  wide  in  the  clear.  These  openings  or  spaces 
between  posts  are  closed  with  vertically  sliding  gates,  to  the  stems  of 
which  power  is  applied  by  means  of  levers.  The  canal  has  a  south- 
westerly course  from 
its  head  for  about  3 
miles.  In  this  dis- 
tance it  has  a  bed 
width  of  30  feet  and  a 
fall  of  6  inches  to  the 
mile.  It  can  carry 
water  about  3  feet 
deep.  Its  branches 
extend  in  southerly 
and  southwesterly  di- 
rections to  the  vicinity 
of  Tulare  Lake.  The 
main  canal  and  prin- 
cipal branches  have 
an  aggregate  length 
of  about  50  miles  and 
command  about  20,000 
acres   of    land.    The 

cultures  on  at  least  as  much  as  one-half  of  this  area  may  be  considered 
to  have  been  benefited  by  irrigation  from  this  canal  in  a  single  season. 
The  canal  was  constructed  in  1874  and  the  years  immediately  following, 
at  a  total  first  cost  of  about  $35,000. 

The  canal  is  owned  by  the  Lakeside  Ditch  Company,  which  was 
incorporated  on  August  7,  1874,  with  a  capital  stock  of  $10,000, 
divided  into  10,000  shares  of  $1  each.  On  February  20,  1875,  the 
capital  stock  was  increased  to  30,000  shares  of  $1  each.  These  shares 
were  owned  by  ninety-five  persons  in  1885.  Each  share  of  stock 
entitles  its  holder  to  a  proportional  share  of  water  in  the  canal.  The 
canal  company  does  not  sell  or  rent  water,  not  even  on  the  few  shares 
of  stock  held  In  the  company's  name.  Each  stockholder  can  have  his 
water  delivered  at  any  point  of  any  branch  of  the  company's  canal 
system.    He  can,  if  he  desires,  rent  or  sell  his  water  for  one  or  more 
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seasoDS.  The  company  originally  intended  to  deliver  to  each  stock- 
holder the  water  to  which  he  was  entitled  at  some  point  on  his  own 
land,  bat  this  system  of  delivery  was  found  to  be  inexpedient  and  was 
abandoned  in  1876.  The  distribation  of  water  is  in  oharge  of  a  canal 
superintendent,  who  apportions  the  water  to  the  various  branches 
of  the  canal  and  has  control  of  its  delivery  to  the  irrigator.  The 
average  annual  cost  of  water  from  this  canal  has  been  about  11.55 
per  acre. 

Jennings  Ditch. — This  is  a  small  ditch  which  has  its  head  on  the 
south  side  of  St.  Johns  Biver  a  little  more  than  a  quarter  of  a  mile 
below  the  head  of  the  Lower  Wutchumna  Ditch,  and  sends  its 
branches  into  the  northern  portion  of  Yisalia  and  adjacent  territory. 
The  main  ditch  has  a  bed  width  of  10  feet.  The  diversion  of  water  ifi 
accomplished  by  means  of  a  light  wing  dam  of  sand  and  brush,  and 
the  flow  of  water  in  the  ditch  is  controlled  by  means  of  a  simple  rega- 
lator  in  the  form  of  a  box,  10  feet  wide,  which  can  be  closed  with  loose 
dashboards.  Water  rights  of  an  old  date,  preceding  the  formation  of 
St.  Johns  River,  are  claimed  for  this  ditch,  whose  head  has  been 
shifted  back  and  forth  between  Mill  Creek  and  St.  Johns  Kiver. 

Rodgers  Ditch, — This  is  a  small  ditch,  about  4  feet  wide  on  the  bot- 
tom, which  supplies  water  to  a  few  acres  of  land  north  and  west  of 
Yisalia.    It  was  constructed  about  1875. 

Modoc  Canal — This  canal  or  ditch  was  originally  intended  to  be 
made  a  distributary  for  the  Wutchumna  Canal  water.  It  was  con- 
structed in  1876.  Its  head  is  on  the  south  side  of  St.  Johns  Biver, 
just  above  the  road  leading  northward  from  Yisalia.  Its  length  is 
about  4  miles,  the  course  being  a  little  south  of  west.  Its  bottom 
width  is  about  10  feet,  and  its  capacity  about  36  second-feet.  Owner- 
ship in  the  ditch  is  represented  by  shares  of  stock.  Water  is  distrib- 
uted to  stockholders  in  proportion  to  their  interests.  The  annual 
expense  of  maintenance  is  about  $100,  which  covers  the  constrnction 
of  an  inexpensive  wing  dam  at  the  head  of  the  ditch.  The  area  acta- 
ally  irrigated  is  about  1,000  acres. 

Hicks  &  Weston  Ditch, — This  is  a  very  small  ditch  from  the  south 
side  of  St.  Johns  River,  about  200  yards  above  the  Modoc  Canal.  The 
ditch  is  4  to  5  feet  wide  on  the  bottom.  It  was  constructed  in  1879. 
It  receives  water  from  the  Wutchumna  Canal  in  addition  to  its  inde 
pendent  supply,  and  is  sometimes  called  the  Hicks  Branch  of  Wat- 
chumna  Canal. 

Hayes  Upper  Ditch  {Ooshen  Ditch). — ^This  ditch  was  constructed  in 
1881  or  1882  to  supplement  an  older  small  ditch  which  was  constructed 
in  1874  for  the  irrigation  of  lands  near  Goshen,  theretofore  considered 
almost  worthless  on  account  of  the  abundance  of  alkaline  salts  in  the 
soil.  The  upper  ditch  has  its  head  on  the  south  side  of  St  JohBB 
Eiver  about  4  miles  northwest  of  Yisalia.  It  has  a  westerly  course 
and  is  about  4  miles  long.    Its  dimensions  are  irregular.    The  pro- 
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moters  of  this  enterprise  conatrncted  a  small  ditch  and  gave  it  an 
inexpensive,  poorly  protected  head  gate.  The  gate  was  carried  off  by 
the  first  freshet  and  the  ditch  was  rapidly  enlarged  by  erosion,  so  that 
it  became  a  canal  of  considerable  capacity.  The  second  regolator  pat 
into  its  head  was  also  a  very  light  stractnre,  18  feet  wide.  Like  many 
of  the  stmctares  on  Kaweah  Biver,  it  was  arranged  as  a  box  colvert, 
the  entrance  to  which  was  divided  into  nine  openings  by  vertical  posts. 
The  spaces  between  posts  could  be  closed  with  loose  flashboards.  This 
ditch  and  the  Lower  Hayes  Ditch  both  belong  to  the  same  owner,  who 
has  supplied  some  water  to  his  neighbors  at  agreed  rates  per  acre. 

Hayes  Lower  Ditch. — ^The  head  of  this  ditch  is  about  1}  miles  below 
the  head  of  the  Hayes  Upper  Ditch.  Its  course  is  a  little  south  of 
west  to  the  same  region  watered  by  the  Hayes  Upper  Ditch.  The 
ditch  is  about  4  miles  long  and  6  i<eet  wide.  Its  head  gate  has  a  width 
of  10  feet.  This  ditch  was  constructed  in  1874  by  settlers  near  Goshen, 
but  soon  fell  into  the  hands  of  the  promoters  of  the  Goshen  Canal 
enterprise. 

Pogues  Upper  IHtch, — This  is  the  uppermost  south-side  diversion 
from  Kaweah  Eiver.  The  head  of  the  ditch  is  about  4  miles  above  the 
head  of  St.  Johns  Biver,  a  mile  above  the  hill  known  as  Limekiln 
Point.  The  ditch,  which  has  a  bed  width  of  about  6  feet,  skirts  the 
northern  and  western  base  of  Limekiln  Point  and  commands  several 
thousand  acres  of  fine  land  lying  between  projecting  spurs  of  the  foot- 
hills. The  ditch  was  constructed  in  1884.  Water  is  carried  in  a  flume 
for  some  distance  from  the  head  of  the  ditch.  This  ditch  now  serves 
the  citrus  orchards  at  Lemon  Gove,  which  have  been  set  out  within 
the  last  four  or  five  years  and  now  have  an  aggregate  area  of  about 
500  acres. 

Pogues  Lower  Ditch. — This  ditch  was  constructed  in  1875.  It  diverts 
water  from  the  south  side  of  Kaweah  Biver  just  below  Limekiln 
Point.  It  has  a  southwesterly  course,  a  bed  width  of  6  to  8  feet,  and 
passes  to  the  north  and  west  of  Wutchumna  Hill,  following  the  eastern 
border  of  the  main  valley  and  terminating  at  present  at  a  point  about 
3  miles  southeast  of  Exeter.  Its  total  length  is  about  15  miles,  and 
the  capacity  claimed  for  it  is  30  second-feet.  There  was  but  little  irri- 
gation from  this  ditch  at  the  time  the  second  Pogue  Ditch  was  con- 
structed, but  demand  for  water  is  rapidly  increasing.  The  water  is 
used  on  the  lands  set  out  to  citrus  fruits  at  and  near  Bonnie  Brae. 
The  area  of  citrus  fruits  now  set  out,  all  beiug  dependent  on  this  ditch 
for  water,  is  550  acres.  Purchasers  of  land  from  the  owners  of  this 
ditch  are  granted  the  right  to  call  for  water  at  the  rate  of  1  miner's 
inch  (about  one-fiftieth  of  a  second- foot)  to  5  acres.  The  charge  of  the 
water  is  8  cents  per  inch  per  twenty-four  hours.  The  lands  (including 
the  water  rights)  are  sold  at  $75  per  acre. 

Ogden  Ditch. — This  ditch  has  its  head  on  the  south  side  of  Kaweah 
Biver,  about  three-quarters  of  a  mile  below  the  head  of  Pogues  Lower 
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Ditcb.  It  has  a  southwesterly  coarse,  closely  following  the  river,  and 
terminates  near  Cottage.  It  is  a  very  small  ditch,  about  4^  miles  long, 
and  supplies  water  to  a  few  acres  of  alfalfa.  It  is  said  to  be  one  of  the 
old  ditches,  the  date  of  its  construction  being  given  as  1862.  The  head 
of  the  ditch  was  not,  however,  always  maintained  at  the  same  place, 
this  having  been  impossible  on  account  of  the  changes  in  the  alignment 
and  character  of  the  river. 

Hamilton  Ditch. — This  is  another  small' private  ditch  on  the  sonth 
side  of  Kaweah  River.  Its  head  is  about  a  mile  above  Cottage.  It 
has  a  southwesterly  course,  is  about  4  miles  long,  and  about  4  feet 
wide.  It  has  been  in  use  since  1854.  A  south-side  branch  of  the 
Hamilton  Ditch  is  sometimes  known  as  the  Dillon  Ditch. 

Consolidated  Peoples  Ditch, —  I'he  difficulties  experienced  by  irrigators 


Fig.  4.— Head  of  Consolidated  Peoples  Ditoh. 

dependent  for  water  upon  the  flow  of  Deep  Creek,  Packwood  Creek, 
and  Visalia  Creek,  after  the  freshets  of  18G1-62,  led  to  a  combination 
of  interests,  the  direct  result  of  which  was  the  construction  of  the 
Peoples  Ditch.  The  outlook  for  a  sufficient  supply  of  water  was  particu- 
larly bad  after  the  winter  of  1863-64,  in  which  there  was  an  unusual 
deficiency  of  precipitation,  and,  as  a  result  of  a  conference  with  the 
owners  of  a  number  of  small  irrigation  ditches,  about  one  hundred 
interested  persons  assembled  late  in  February,  1864,  at  the  point  where 
Landers  Slough  leaves  the  river  and  commenced  work  on  the  Peoples 
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Ditch,  the  water  of  which  was  to  be  apportioned  to  a  namber  of  ditches 
which  before  made  independent  diversions.  The  principal  ditches  that 
then  became  dependent  upon  the  Peoples  Ditch  for  water  were  the 
Landers,  Lee  &  Thompson,  Swanson,  Tnrner,  Grabbs,  and  Bice  ditches. 
The  expense  of  the  canal  construction  was  apportioned  to  the  partici- 
pating farmers  according  to  relative  interests.  Most  of  them  con- 
tribated  labor,  teams,  and  sapplies.  The  ditch  at  its  head  was  made 
18  feet  wide  and  4  feet  deep  and  was  to  have  a  fall  of  abont  3^  feet  to 
the  mile.  Work  progressed  rapidly  and  the  ditch  was  considered 
finished  by  June  1, 1864.  Its  estimated  cost  at  that  time  was  $11,000. 
Bat  owing  to  the  obstructed  condition  of  the  old  channel  of  Kaweah 
Biver  below  the  head  of  St.  Johns  Ghannel,  expectations  as  to  flow 
of  water  were  not  fully  realized,  and  upon  petition  the  water  commis- 
sioners of  Tulare  Gounty  granted  the  ditch  company  a  franchise  to 
remove  obstructions  from  the  old  Kaweah  Biver  channel  and  to  enlarge 
it  where  necessary  to  a  width  of  20  feet.  Under  the  franchise  work 
was  done  on  the  old  river  channel  to  a  point  near  the  present  head  of 
St.  Johns  Biver,  abont  4^  miles  above  the  present  head  of  the  ditch. 
The  river  channel  was  thus  kept  open  until  again  filled,  in  places,  with 
drift  and  silt  by  the  freshets  of  1867-68.  These  freshets  washed  out 
the  canal  head  gate  in  Landers  Slough  and  considerably  deepened  and 
enlarged  the  upper  section  of  the  canal.  During  the  period  interven- 
ing between  that  winter  and  1877,  when  the  making  of  the  Fowler 
Gat  resulted  in  the  practical  reestablishment  of  the  old  channel  of 
Kaweah  Biver,  water  reached  the  head  of  the  Peoples  Ditch  through 
a  number  of  high- water  channels  leading  in  a  southwesterly  direction 
from  the  upper  section  of  St.  Johns  Biver  through  Yisalia  Swamp, 
^hen  water  became  scarce  at  the  head  of  the  canal,  men  would  be 
sent  up  to  St.  Johns  Biver  to  increase  the  fiow  toward  the  south  by 
throwing  obstructions  into  that  river  channel  or  by  opening  a  better 
passage  through  the  swamp.  There  has  been  a  satisfactory  supply  of 
water  to  the  head  of  the  Peoples  Ditch  ever  since  the  Fowler  Cut  was 
made. 

This  cut  was  made  by  Mr.  Samuel  Fowler  under  contract  with  the 
Kaweah  Ganal  and  Irrigation  Company,  which  had  entered  into  an 
agreement  with  the  management  of  the  Peoples  Ditch  concerning  the 
apiKjrtionment  of  water.  The  agreement,  which  was  formally  executed 
on  December  21, 1878,  but  subsequently  set  aside  by  a  decision  of  the 
courts,  provided  for  a  joint  ownership  of  the  upper  i)ortion  of  the  Peo- 
ples Ditch  and  of  the  water  way  above  the  head  of  that  ditch  as 
improved  by  the  Kaweah  Canal  and  Irrigation  Company,  and  conceded 
to  the  Peoples  Ditch  the  right  at  all  times  to  as  much  water  as  will  flow 
in  a  ditch  50  feet  wide  and  2  feet  deep  on  a  grade  of  6  inches  to  the 
mile.  The  water  of  Kaweah  Biver  which  passes  the  head  of  St.  Johns 
Channel  separates  into  two  channels,  each  about  a  mile  long,  forming 
an  island  about  11  miles  above  Yisaha.    The  upper  portion  of  the 
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northernmost  of  these  channels  is  known  as  the  Hamilton  or  YisaUa 
Out.  The  southernmost  is  Lander  Slough,  or  the  enlarged  chamiel 
of  the  Lander  Ditch.  It  is  the  npper  portion  of  Lander  Slough  which 
until  1896  carried  water  to  the  point  where  the  flow  was  brought  under 
final  control  for  the  Peoples  Ditch.  But  when  the  canal  regulator 
failed  Landers  Slough  was  closed  near  its  head  and  an  artificial  canal 
was  substituted  for  the  Landers  Slough  section  of  the  Peoples  Ditch. 
A  box  inlet  20  feet  wide  and  10  feet  deep  is  maintained  in  the  head  of 
this  new  canal  section,  which  structure  seems  to  be  intended  more  as  a 
partitioner  of  the  flow  of  Kaweah  Eiver  than  as  a  regulating  gate  in 
the  ordinary  sense. 

The  Consolidated  Peoples  Ditch  has  a  southwesterly  coarse  from 
Landers  Slough  for  3  miles  to  the  point  where  its  water  was  separated 
from  that  of  the  Kaweah  Canal,  so  long  as  that  canal  was  in  service. 
The  main  canal  extends  from  that  point  about  1^  miles  farther,  to  a 
point  known  as  Dillons  Mill,  where  Rome  of  its  water  is  in  use  to  supply 
power.  The  section  of  the  canal  next  below  Landers  Slough  follows 
the  original  alignment  of  the  Swanson  Ditch  for  about  three-fourths  of 
a  mile,  following  and  finally  crossing  the  almost  obliterated  channel 
of  Yokohl  Creek.  The  occasional  flow  of  this  creek  is  admitted  into 
the  canal,  and  surplus  waters  are  discharged  through  a  waste  gate 
into  Outside  Creek,  which  was  originally  a  continuation  of  the  Yokohl 
Creek  channel.  The  main  canal  is  of  somewhat  irregular  dimensions, 
much  of  it  having  the  appearance  of  a  natural  channel.  Its  width 
is  generaUy  30  to  50  feet  and  its  capacity  probably  exceeds  400 
second-feet. 

The  consolidation  of  the  interests  of  the  several  small  ditches  and 
individual  irrigators,  as  already  explained,  led  finally  to  an  incorpora- 
tion of  their  organization.  This  was  effected  in  1874,  and  the  corpo- 
ration received  the  name  of  the  Consolidated  Peoples  Ditch  Company. 
Its  capital  stock  was  fixed  at  $9,700,  in  97  shares  of  $100  each.  Canal 
expenses  are  assessed  upon  stockholders.  No  water  is  sold  by  the 
canal  company.  At  the  time  of  constructing  the  canal  it  was  agreed 
that  each  person  interested  in  the  main  canal  should  contribute  toward 
construction  down  to  the  point  at  which  his  water  was  to  be  delivered 
into  a  branch  ditx^h.  All  branch  ditches  are  under  independent  man- 
agement. Water  is  distributed  to  the  various  branch  ditches,  under 
the  direction  of  the  president  of  the  company,  in  proportion  to  the 
number  of  shares  of  stock  for  which  water  is  to  be  delivered  to  each. 
The  apportionment  of  water  between  the  main  canal  and  a  branch  ditch 
is  accomplished  by  constructing  a  sHl  or  floor  at  the  same  elevation  in 
each,  the  efiective  width  of  canal  and  ditch  on  each  sill  being  made 
proportional  to  the  amount  of  water  to  be  passed.  The  cost  of  con- 
structing and  maintaining  these  structures  falls  upon  the  canal  com- 
pany. The  area  of  land  actually  irrigated  in  a  single  season  with  water 
from  the  Peoples  Ditch  has  exceeded  5,000  acres.    The  total  expeadi- 
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tore  on  the  main  canal  chargeable  to  the  constmction  account  has  been 
about  $50,000. 

Swanson  Ditch. — This  is  a  branch  of  the  Peoples  Ditch,  receiving  its 
water  abont  three-quarters  of  a  mile  below  the  point  where  the  latter 
leaves  Landers  Slough.  It  has  a  southwesterly  course  and  is  about  4 
miles  long.  It  is  reported  to  have  been  in  use  as  an  independent  ditch 
as  early  as  1855.  While  the  supply  of  water  from  the  Peoples  Ditch 
was  somewhat  unreliable — preceding  1878— irrigators  dependent  upon 
the  Swanson  Ditch  endeavored  to  keep  the  head  of  Packwood  Creek 
open,  but  with  indifferent  success.  Since  that  time  the  ditch  ia  to  be 
regarded  merely  as  a  branch  of  the  Peoples  Ditch. 

Lee  i&  Thompson  Bitch, — This  was  a  second  old  ditch,  almost  parallel 
with  the  Swanson  for  some  distance.  Its  alignment  was  adopted  for 
the  Peoples  Ditch  for  a  considerable  distance,  and  only  the  lower  end 
of  the  original  ditch  remains  in  use  as  a  small  distributary  of  the 
Peoples  Ditch  water. 

Bice  Ditch, — This  is  another  small  ditch,  now  a  branch  of  the  Peo- 
ples Ditch,  which  was  in  use  before  the  latter  was  constructed.  Its 
course  is  southerly  from  a  point  near  the  lower  end  of  the  main  ditch. 
It  is  about  G  miles  long,  terminating  in  a  branch  of  Outside  Creek  used 
as  a  distributary  of  the  Peoples  Ditch  water  under  the  name  of  the 
Bliss  &  Hyde  Ditch,  and  it  commands  a  narrow  strip  of  land  lying  to 
the  east  of  Outside  Creek. 

Catron  and  Teague  ditches, — These  are  two  small  branches  of  the 
Peoples  Ditch,  both  of  which  receive  water  from  the  south  side  of 
the  latter  throagh  a  common  head  about  2  miles  below  Landers  Slough. 
Their  course  is  southcirly.  The  former  is  about  3  miles  long,  the  latter 
about  4,  and  both  are  connected  at  their  lower  ends  with  the  Eice 
Ditch,  into  which  surplus  water  is  dropped. 

Bliss  &  Hyde  Ditch, — This  is  a  branch  of  the  Peoples  Ditch,  receiv- 
ing its  water  a  quarter  of  a  mile  below  the  head  of  the  Catron  and  the 
Teague  ditches.  At  that  point  a  short  cut  from  the  south  side  of  the 
Peoples  Ditch  droi)S  water  for  this  branch  into  a  natural  channel — 
the  eastern  branch  of  Outside  Creek — which  is  the  same  channel  used 
above  that  point  as  a  common  head  for  the  Catron  and  the  Teague 
ditches.  This  channel  has  a  course  a  little  west  of  south  for  about  12 
miles,  to  the  point  where  the  water  of  the  branch  ditch  is  used,  about 
6  miles  east  of  Talare,  on  both  sides  of  Outside  Creek,  there  known  in 
part  as  Elk  Bayou.  Water  is  diverted  from  Outside  Creek  into  two 
irrigation  ditches,  one  upon  either  side,  each  of  which  has  a  length  of 
about  2  miles. 

Davis  f  Br  own,  and  PennebaJcer  ditches, — These  are  three  short 
branches  of  the  Peoples  Ditch,  all  receiving  water  from  it  at  or  near 
the  termination  of  the  main  canal,  and  supplying  water  to  lands  near 
Farmersville. 

Extension  Ditch, — After  the  use  of  a  portion  of  the  water  of  the 
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Peoples  Ditch  for  power  at  Dillons  Mill,  which  is  at  the  t«rniiDation 
of  the  main  canal,  it  flows  into  Outside  Greek.  The  creek  chatinel  is 
closed  with  an  orerfall  dam  of  bruah,  which  serves  as  a  waste  way  for 
all  water  aot  required  for  the  Extension  Ditch.  This  ditch  is  one  of 
the  principal  branches  of  the  Peoples  Ditch.  It  has  a  aonthwestorljr 
conrse,  and,  with  its  branches,  commands  the  region  to  the  west  and 
northward  of  Farmersville.  It  was  bailt  by  the  farmers  whose  lands  it 
waters.  They  have  formed  a  corporation  known  as  the  Extension 
Ditch  Company,  whose  shares  of  stock  are  in  the  hands  of  thirty  or 
more  irrigators.  The  affairs  of  this  company  are  managed  entirely 
independent  of  the  Peoples  Ditch  Company,  which  merely  delivers  to 
it  the  water  which  its  stockholders  are  entitled  to  receive  from  the 
Peoples  Ditch.  . 
Kaweah  Canal, — The  ennmeration  of  this  oaoal  is  merely  historical. 


Fin,  G Ditch  Bytt^m  nt  he>d  of  KawMh  Cankl. 


It  is  one  of  the  canals  whose  saccessfal  o|>eration  was  greatly  interfered 
with  by  litigation.  The  canal  was  constrncted  in  1877.  At  that  time 
the  Fowler  Cat  was  made  for  the  Eaweah  Caual  and  Irrigation  Com- 
pany, and  led  to  the  reestablishment  of  the  original  channel  of  Kaweah 
River,  or  of  a  new  cbannel  very  nearly  coincident  with  the  original  one 
in  position.  The  agreement  then  made  with  the  Consolidated  Peoples 
Ditch  Company  gave  the  new  company  a  right  to  use  the  opper  sec- 
tions of  the  Peoples  Ditch  for  several  miles,  and  below  that  point  a 
canal  was  excavated,  about  50  feet  wide  on  the  bottom  and  3  feet  deep, 
which  temporarily  dropped  its  water  into  Deep  Creek,  in  which  it 
flowed  to  within  a  few  miles  of  Tulare.  The  main  caual  was  soon  after- 
wards extended  across  Deep  Creek  in  a  general  southwesterly  direc- 
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tion,  passing  about  a  mile  to  the  west  of  Farmersville,  until,  at  a  point 
about  6  miles  to  the  northeast  of  Tulare,  it  was  separated  into  two 
main  branches,  of  which  the  southerly  one  commanded  the  lands  in 
the  vicinity  of  Tulare,  including  the  colony  Jands  toward  the  west. 
The  northerly  branch  was  extended  westerly  across  Cameron  Creek  to 
a  connection  with  the  Tulare  Caual,  and  has  irrigated  a  few  tracts  of 
land  near  Tagus.  The  total  length  of  the  main  canal,  not  including 
the  Fowler  Cut  or  the  Peoples  Ditch,  to  where  it  separates  into  its  two 
principal  branches  is  about  10  miles.  Irrigation  from  this  canal  has 
probably  exceeded  4,000  acres.  The  canal  was  constructed  by  a  cor- 
poration known  as  the  Kaweah  Canal  and  Irrigation  Company,  which 
was  organized  in  1877  by  farmers  who  were  in  need  of  water  for  their 
lands  in  the  vicinity  of  Tulare.  The  capital  stock  was  fixed  at  $50,000, 
in  500  shares.  The  expense  of  canal  constraction  and  litigation  soon 
exceeded  this  sum  by  at  least  $10,000.  The  canal  always  held  its 
water  for  sale,  but  stockholders  were  entitled  to  receive  it  at  slightly 
reduced  rates.  All  expenses  in  excess  of  revenue  derived  from  the 
sale  of  water  were  apix>rtioned  to  stockholders.  Water  was  not  sold 
1>y  measurement;  it  was  delivered  to  the  irrigators  from  the  several 
canal  branches  in  rotation,  and  was  paid  for  at  fixed  rates  per  acre 
actually  irrigated,  generally  $1  to  $2  per  acre.  The  right  of  the  canal 
to  receive  any  surplus  waters  from  the  Peoples  Ditch  was  disputed  in 
court  by  farmers  who,  as  riparian  owners  on  Outside  Creek,  demanded 
that  all  flow  in  the  Peoples  Ditch  in  excess  of  that  required  foi  that 
<litch  should  be  wasted  into  channels  leading  into  Out'Side  Creek. 
Q^heir  claim  having  been  sustained,  the  Kaweah  Canal  for  many  years 
received  water  only  by  sufferance  and  only  during  periods  when  the 
xiver  afforded  an  abundant  supply.  Its  water  was  no  longer  taken 
through  the  head  of  the  Peoples  Ditch,  but  a  cut  was  made  from 
Slaweah  Eiver  below  Deep  Creek  to  the  canal,  and  the  upper  half  mile 
of  Deep  Creek  itself  was  utilized  as  a  source  of  supply.  After  the 
organization  of  the  Tulare  irrigation  district  the  canal  was  sold  to  the 
district  for  $150,000,  payment  being  made  in  bonds,  but  with  the  pro- 
viso that  the  stockholders  of  the  Keweah  Canal  and  Irrigation  Com- 
pany should  be  preferred  takers  of  one-third  of  all  the  water  entering 
the  upper  section  of  the  canal,  at  the  agreed  price  of  $1.25  per  acre  per 
annum. 

Farmers  Canal, — This  canal  has  its  head  on  the  east  side  of  Deep 
Greek,  about  2  miles  below  Farmersvillo.  It  has  a  southwesterly 
course,  commanding  several  thousand  acres  of  land  between  Elk  Bayou 
and  Deep  Creek  channels  within  G  miles  of  the  head  of  the  canal.  The 
bed  width  of  the  canal  for  several  miles  below  its  head  is  14  feet. 
The  head  gate  or  regulator  has  a  width  of  18  feet.  The  water  is  turned 
from  the  creek  into  the  head  of  the  canal  by  means  of  a  brush  dam. 
The  canal  was  constructed  in  1875  by  an  incorporated  company,  whose 
members  are  the  farmers  using  canal  water.    The  capital  stock  was 
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fixed  at  $20,000,  in  shares  of  $100  each.  The  head  of  Deep  Creek, 
from  which  diversion  is  made  for  this  canal,  is  abont  8  miles,  in  a 
direct  line,  above  Yisalia,  on  the  south  side  of  Kaweah  Eiver.  No 
water  flows  into  Deep  Creek  from  the  river  during  its  low  stages. 
Water  is  generally  available  from  the  beginning  of  March  to  the  end 
of  June.  During  this  time  a  superintendent  is  employed  to  apportion 
the  water  to  holders  of  stock.  When  the  supply  of  water  is  limited  it 
is  used  in  turn  by  the  irrigators.  Each  stockholder  is  permitted  to  sell 
or  lease  the  water  to  which  he  is  entitled.  The  water  represented  by  a 
few  shares  of  stock  held  in  the  name  of  the  corporation  itself  is  also  sub- 
ject to  sale.  The  estimated  cost  of  canal  construction  and  expenses 
connected  therewith  is  about  $7,000  to  $8,000.    The  annual  assessment 

per  share  of  stock  for  canal  manage- 
ment and  maintenance  has  been  about 
$1.  The  structures  necessary  for  a  de- 
livery of  water  into  branch  ditches  are 
constructed  and  maintained  at  the 
expense  of  those  who  receive  water 
through  each. 

Tulare  CanaL — ^This  canal  was  con- 
structed for  the  irrigation  of  lands  in 
the  vicinity  of  Tagus  and  to  the  north- 
west of  Tulare.  Its  head  is  on  the 
south  side  of  Kaweah  Biver,  about  mid- 
way between  the  head  of  Deep  Creek 
and  the  head  of  Packwood  Creek.  It 
has  a  southwesterly  course,  is  about  15 
miles  long,  and  has  a  bed  width  of  16  feet.  The  canal  passes  about 
2^  miles  to  the  south  of  Yisalia  and  a  mile  to  the  south  of  Tagus,  and 
terminates  at  the  main  canal  of  the  Kooky  Ford  Canal  Company.  The 
canal  was  constructed  in  1873.  The  farmers  interested  in  the  enter- 
prise formed  a  corporation  in  the  following  year,  known  as  the  Tulare 
Irrigating  Company,  whose  capital  stock  was  fixed  at  $40,000,  in 
shares  of  $100  each.  The  diversion  of  water  from  the  river  is  accom- 
plished by  means  of  a  dam  or  weir  of  brush,  and  the  inflow  into  the 
canal  is  controlled  by  a  regulator  or  head  gate  16  feet  wide.  It  has 
been  claimed  that  the  Ketchum  Cut,  one  of  the  several  ditches  firom 
St.  Johns  Eiver  southwesterly  to  Kaweah  Kiver  above  the  head  of 
the  Tnlare  Canal,  has  been  utilized  by  the  Tulare  Irrigating  Com- 
pany to  accomplish  the  diversion  of  its  water  direct  from  St.  Johns 
Eiver,  but  it  has  not  been  possible  to  verify  this  claim,  or  to  ascer- 
tain whether  the  canal  company  has  any  proprietary  interest  in  the 
Ketchum  Cut. 

Before  1885  it  was  customary  to  apportion  the  flow  of  the  canal  to 
the  stockholders  in  the  corporation  in  proportion  to  their  respective 
interests,  but  the  holders  of  stock  who  were  not  ready  to  make  profitable 
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ise  of  their  water  demanded  a  change,  and  it  was  at  that  time  decided 
^  X>^nnit  each  stockholder  to  irrigate  free  of  cost  as  many  acres  as  he 
leld  shares  of  stock,  and  to  charge  $1  per  acre  for  all  additional  areas. 

Rocky  Ford  Ditch. — ^This  ditch,  now  a  part  of  the  Tulare  irrigation 
listrict  canal  system,  takes  its  name  from  Bocky  Ford  on  St.  Johns 
^iver,  because  half  a  mile  above  is  the  head  of  the  Ketchum  Gut, 
vhicb  was  bought  by  the  Eocky  Ford  Canal  and  Irrigation  Company, 
md  was  supposed  to  deliver  water  for  the  canal  from  St,  Johns  Kiver 
nto  the  Kaweah,  from  which  it  was  reclaimed  for  the  Rocky  Ford  Ditch 
it  the  head  of  Packwood  Creek.  The  head  of  Packwood  Creek,  which 
lad  been  almost  obliterated  by  the  freshets  of  1861-G2  and  1867-68, 
^as  reopened  by  this  canal  company  in  1876.  A  cut  9  feet  wide  and 
:hree-quarters  of  a  mile  long,  following  the  channel  of  Packwood 
3reek,  received  the  canal  water  from  Kaweah  River.  The  water  thus 
11  verted  was  carried  southwesterly  in  Packwood  Creek,  and  in  its  south 
!brk  about  2^  miles,  thence  south  in  a  ditch  three-quarters  of  a  mile  to 
uiother  natural  channel,  from  which,  a  half  mile  below,  it  was  dropped 
nto  Cameron  Creek,  which  it  followed,  still  in  a  general  southwesterly 
direction,  to  a  point  about  a  mile  south  of  Tagus.  At  that  point  the 
^ater  was  taken  into  a  system  of  distributing  ditches  covering  4,000 
bo  5,000  acres  of  land  to  the  southwest  of  Tagus,  between  Cameron  and 
E*ackwood  creeks.  About  $20,000  was  expended  on  this  work,  besides 
^2,000  in  litigation,  but  after  a  few  years  the  comijany  was  deprived  of 
3lie  use  of  the  Packwood  Creek  channel  by  an  order  of  court,  and  those 
Impendent  upon  this  canal  found  themselves  without-  water. 

Cameron  Greek  Company. — This  was  an  unincorporated  organization 
*^  farmers  which  may  be  considered  an  offspring  of  the  Rocky  Ford 
^itch  Company.  The  purpose  of  the  organization  was  to  secure  water 
Or  the  Rocky  Ford  Canal,  the  head  works  of  which  were  thrown  out  of 
^^rvice  by  orders  of  the  court.  There  was  ordinarily  a  surplus  flow 
^^  water  In  the  spring  months,  which  reached  Cameron  Creek  by  way 
^^  the  Deep  Creek  channels  and  the  Kaweah  and  Tulare  canals.  The 
^ater  thus  reaching  the  Rocky  Ford  Canal  from  Cameron  Creek  was 
distributed  to  irrigators  under  the  management  and  control  of  the 
-*ameron  Creek  Company.  The  owners  or  lessees  of  stock  in  the  Rocky 
^  ord  Canal  Company  were  the  preferred  purchasers  of  water,  but  if 
•^ere  was  sufficient  available  it  was  also  sold  to'farmers  who  held  no 
^tock.  The  apiwrtionment  of  water  was  by  rotation  in  the  use  of  the 
low  of  distributaries.  The  time  of  use  per  share  of  stock  was  reduced 
M  the  supply  decreased.  The  charge  for  water  was  at  the  rate  of  $1 
^er  year  per  acre  irrigated.  The  necessity  for  operations  by  this  com- 
pany ceased  upon  the  completion  of  the  canal  system  of  the  Tulare 
^rigation  district. 

Bacon  cfe  Crossmore  Canal  {Packwood  Creek  Canal). — When,  in  1875, 
t;  became  necessary  to  improve  the  flow  of  Packwood  Creek  for  the 
Supply  of  water  to  a  large  tract  of  land  6  to  9  miles  west  from  Tulare, 
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a  ditch  was  constructed  from  St.  Johns  River,  then  the  jmncipal  chan- 
nel of  Kaweah  River,  commencing  about  a  hundred  yards  above  Rocky 
Ford,  thence  southwesterly  about  4  miles,  passing  to  the  north  and 
westward  of  a  group  of  low  hills  known  as  the  Swamp  Angels,  to  a 
connection  with  the. old  channel  of  Kaweah  River.    Water  thus  turned 

into  this  channel  was 
allowed  to  flow  to  a 
point  in  Yisalia  Creek 
about  1^  miles  below 
the  head  of  Pack- 
wood  Greek  and  was 
there  <liverted  into  a 
canal  about  1,000  feet 
long  leading  south- 
erly into  Packwood 
Creek.  These  two 
ditches;  or  canals, 
together  with  the  nat- 
ural channel  of  Pack- 
wood  Creek,  are 
known  as  the  Bacon  &  Crossmore  Canal.  The  upper  x>ortion  of  this 
canal  has  a  width  of  about  16  feet.  The  width  of  its  head  gate  or 
regulator  at  St.  Johns  River  is  40  feet.  The  cut  for  Visalia  Creek 
into  Packwood  is  about  30  feet  wide.  Its  flow  is  controlled  by  a  gate 
30  feet  in  width.  The  point  of  discharge  of  the  canal  from  St.  Johns 
River  into  the  Kaweah  is  just  below  Goads  Dam  at  the  head  of  the 
Tulare  Canal.  To  enable 
diversion  of  water  from 
YisaliaCreek  into  thechau- 
nel  of  Packwood  Creek  by 
way  of  the  Bacon  &  Cross- 
more  Cut,  a  brush  dam  is 
maintained  in  the  creek 
about  60  feet  below  the 
head  of  the  cut.  The  flow 
of  Packwook  Creek  as  thus 
established  is  first  checked 
at  a  point  about  4  miles 
west  of  Tagus,  where  dis- 
tributaries are  in  use  upon 
either    side  of   the  creek 

channel.  Several  other  diversions  are  made  some  miles  farther  down 
the  creek,  and  it  is  claimed  that  several  thousand  acres  of  land  aie 
irrigated  by  this  ditch  system. 

Judd  Ditch, — ^This  ditch  was  in  use  but  a  short  time  subsequent  ^ 
the  freshets  of  1867-68.    An  organization  of  interested  farmers  known 
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as  the  Jadd  Ditch  Company  at  that  tio)e  endeavorerl  to  keep  the  head 
of  Packwood  Greek  open,  bat  owing  to  controversies  with  people  living 
near  Yisalia  on  Yisalia  Greek  the  attempt  was  soon  abandoned. 

Cutler  i&  Higgins  Ditch  (Chatten  Ditch). — ^This  is  a  small  ditch  between 
St.  Johns  Eiver  and  Yisalia  Creek.  Its  head  is  on  the  north  side  of 
Kaweah  Eiver  just  above  the  point  where  it  divides  into  the  two  chan- 
nels, Yisalia  Greek  and  Packwood  Greek.  It  has  a  westerly  coarse,  is 
aboat  2  miles  long,  3  to  6  feet  wide  on  the  bottom,  and  belongs  to  several 
farmers,  who  take  tarns  in  asing  its  watet  for  the  irrigation  of  a  few 
bandred  acres  of  al&lfa.    The  ditch  has  been  in  nse  since  1857. 

Katceah  and  Mill  Greek  Water  Company. — ^This  corporation  was  organ- 
ized in  1877  with  a  capital  stock  of  $10,000,  in  200  shares,  for  the  parpose 
of  harmonizing  and  protecting  conflicting  interests  by  maintaining  and 
con  trolling  the  flow  of  water  in  Mill  Greek  (Yisalia  Creek)  and  distribnt- 
ing  it  to  the  canals  and  ditches  entitled  to  receive  it.  Its  shai-es  of  stock 
were  distributed  to  the  owners  of  the  varioas  canals  and  ditches  accord- 
ing to  their  relative  interests,  and  the  superintendent  of  this  company  is 
required  to  apportion  the  amount  of  water  available  to  each  ditch  and 
canal  in  proportion  to  the  number  of  shares  of  stock  for  which  water  is 
to  be  turned  into  each.  A  decision  of  the  courts  favoring  the  riparian 
doctrine  has,  however,  made  it  difficult  for  ditch  owners  along  Mill 
Greek  below  Yisalia  to  reclaim  their  water,  as  the  decision  interferes 
with  the  construction  of  dams  in  the  creek  channel  so  long  as  they  are 
objected  to  by  riparian  proprietors.  To  increase  the  flow  of  water  in 
Yisalia  Greek  it  was  found  necessary  to  open  the  head  of  Lane  Slough. 
This  had  been  done  before,  but  later  freshets  had  again  obstructed  its 
channel  near  St.  Johns  Eiver.  The  Bostwick  Gut  was  the  result  of  the 
work  done  by  the  company  at  that  point.  This  is  a  canal  leading  south- 
erly from  St.  Johns  Eiver,  about  a  mile  above  Eocky  Ford,  into  the  main 
channel  of  Lane  Slough.  Lane  Slough  was  one  of  the  several  natural 
channels  having  a  southwesterly  course  through  Yisalia  Swamp  from 
near  its  northern  margin  to  the  old  channel  of  Kaweah  Eiver  above  the 
head  of  Yisalia  Greek.  It  is  claimed  that  this  slough  was  so  obstructed 
with  drift  and  silt  by  the  freshets  of  1861-62  that  for  reclamation  pur- 
■poses  it  was  necessary  once  before  to  open  it,  under  direction  of  State 
authorities,  with  moneys  from  the  swamp-land  fund.  The  water  company 
in  1878  also  caused  a  section  of  the  old  channel  of  Kaweah  Eiver  just 
below  the  head  of  Landers  Slough  to  be  reopened.  The  work  there 
done  resulted  in  the  formation  of  the  Hamilton  Gut.  All  expenses  of 
management  incurred  by  the  Kaweah  and  Mill  Greek  Water  Company 
are  raised  by  assessments  levied  upon  the  stock.  The  principal  ditches 
dependent  upon  this  organization  for  their  water  supply  are  the  Oaks, 
Watson,  Burch,  Mill,  Bahwell,  and  Fulgham  ditches. 

Oal'S  Ditch. — The  head  of  the  Oaks  Ditch  is  on  the  south  side  of 
Yisalia  Creek,  just  above  the  dam  maintained  below  the  head  of  the 
Bacon  &  Grossmore  Cut.    It  was  in  use  prior  to  the  organization  of 
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the  Kaweah  and  Mill  Creek  Water  Oompany,  from  which  it  now 
receives  its  water.  It  is  a  small  ditch,  flowiDg  several  miles  westerly 
between  Yisalia  and  Packwood  creeks,  and  supplies  water  to  seven  or 
eight  small  farms.  The  entire  flow  of  the  ditch  is  usually  divided  into 
two  irrigating  heads. 

Evans  Ditch. — This  ditch,  which  has  also  become  dependent  on  tbe 
Kaweah  and  Mill  Creek  Water  Company  for  its  supply  of  water,  has 
its  head  on  the  south  side  of  Yisalia  Creek  about  2  miles  above  Yisalia. 
Its  upper  section  serves  as  a  common  head  for  three  otherwise  indepen- 
dent ditches,  the  other  two  being  the  Burch  and  the  Watson  ditches. 
The  Evans  Ditch  is  entitled  to  one-half  of  the  water  entering  its  head, 
the  Watson  to  one-third,  and  the  Burch  to  one-sixth.  The  ditch  has  a 
southwesterly  course,  is  about  5  miles  long,  and  supplies  water  to  about 
500  acres  just  to  the  south  of  Yisalia.  Ownership  in  the  ditch  is  rep- 
resented by  shares  of  stock,  and  the  distribution  of  water  is  made  in 
proportio*'  to  the  number  of  shares  of  stock  owned  or  controlled  by 
each  irrigator.  Water  is  generally  available  for  ten  months  each  year, 
and  is  used  in  turn  by  the  irrigators. 

Evans  &  Turner  Ditch. — This  is  a  diversion  from  the  west  side  of 
Packwood  Creek  about  2  miles  below  the  Bacon  &  Crossmore  Cut  It 
has  a  westerly  course,  is  about  a  mile  long,  and  drops  its  water  into 
the  Evans  Ditch,  It  is  claimed  that  this  ditch  was  in  use  as  early  as 
1858,  but  if  so  it  was  out  of  service  for  many  years  preceding  its 
reestablishment,  about  1884. 

Burch  Ditch. — This  is  another  small  ditch  to  which  water  is  sup- 
plied under  control  of  the  Kaweah  and  Mill  Creek  Water  Company. 
Although  the  ditch  was  in  use  before  the  organization  of  that  Q/m- 
pany,  and  then  received  water  direct  from  Yisalia  Creek,  it  has  of  late 
years  been  supplied  with  water  through  the  head  of  the  Evans  Ditch. 
Its  water,  together  with  that  for  Watson  Ditch,  is  turned  out  of  the 
west  side  of  Evans  Ditch  one-half  mile  below  its  head.  It  flows  west- 
erly three-quarters  of  a  mile  in  a  channel  used  in  common  with  the 
Watson  Ditch,  and  thence  a  little  south  of  west  to  the  southwestern 
portion  of  Yisalia.  It  supplies  a  number  of  small  farms  southeast  of 
Yisalia.  The  head  of  the  ditch  was  originally  on  the  north  side  of  the 
creek  and  its  water  was  brought  to  the  south  side  in  a  flume. 

Watson  Ditch. — ^This  is  another  of  the  old  irrigation  ditches  in  whose 
interest  the  Kaweah  and  Mill  Creek  Water  Company  was  organized. 
This  ditch  was  constructed  in  1854,  before  water  was  used  by  the  miU 
in  Yisalia.  Its  head  was  on  the  south  side  of  the  creek  about  3  miles 
east  of  Yisalia,  and  its  water  was  used  near  Yisalia.  It  now  receives 
water  through  a  common  head  with  the  Evans  and  the  Burch  ditches, 
and  is  finally  separated  from  the  Burch  Ditch  water  about  a  mile  east 
of  Yisalia.  Ownership  in  this  ditch  is  represented  by  shares  of  stock, 
of  which  100  maybe  issued.  Between  60  and  70  are  in  the  hands  of 
fifteen  to  twenty  farmers,  who  use  its  water  mostly  on  small  farms  to 
the  south  and  southwest  of  Yisalia.    It  was  originally  intended  that 
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each  share  of  stock  should  represent  17.28  miner's  inches  of  water 
(about  one-third  second-foot),  and  the  original  price  per  share  was 
fixed  at  $5.  Stockholders  are  assessed  for  all  expenses  of  management 
and  repairs.  A  superintendent  is  employed  only  when  necessary,  not 
when  water  is  abundant,  nor  when  there  is  none  at  all.  Shares  of 
stock  not  issued  are  not  entitled  to  water.  Holders  of  stock  may  sell 
or  lease  the  water  to  which  they  are  entitled.  When  the  flow  of  the 
ditch  is  small  it  is  given  to  the  irrigators  in  turn  for  eight  hours  per 
share  of  stock.  The  annual  expense  of  ditch  management  is  about  $5 
per  share. 

Mill  Ditch, — ^This  is  not  an  irrigation  ditch,  but  it  has  rights  to  the 
use  of  water  from  Kaweah  Eiver,  which  make  its  enumeration  among 
the  Kaweah  Biver  ditches  desirable.  Its  head  is  about  one-half  mile 
above  Visalia,  on  the  south  side  of  Visalia  Greek.  It  has  a  westerly 
coarse  into  the  town,  and  drops  its  water  back  into  the  creek  at  the 
mill.  It  has  been  in  use  since  1854,  at  which  time  a  brush  dam  was 
copstructed  at  its  head  in  Visalia  Greek.  This  is  another  of  the 
ditches  in  whose  interest  the  Kaweah  and  Mill  Greek  Water  Gompany 
was  organized.  The  mill  owners  are  stockholders  in  this  corporation 
and  receive  the  same  consideration  accorded  t'O  irrigators. 

Bahicell  and  Fulgham  ditches, — These  are  two  small  ditches  below 
Yisalia,  which  were  included  among  those  for  whose  benefit  the  Kaweah 
and  Mill  Greek  Water  Gompany  was  formed.  They  and  a  number  of 
other  small  ditches  make  use  of  the  freshet  flow  of  Yisalia  Greek 
reaching  the  lower  sections  of  Mill  Greek,  as  well  as  of  the  water 
which  is  returned  to  the  creek  by  the  Mill  Ditch. 

Longs  CanaL — This  exists  in  name  only.  It  was  a  canal  or  reopened 
slough  constructed,  some  years  after  the  ft*eshets  of  1861-62,  south- 
westerly through  the  upper  end  of  Yisalia  Swamp,  from  St.  Johns 
Kiver  to  Potter  Slough,  which  discharged  into  Kaweah  Eiver.  The 
first  work  done  there  was  nominally  for  reclamation  purposes — to 
facDitate  drainage  of  the  swamp.  The  canal  was  closed  by  the  drift 
and  silt  brought  down  by  the  freshets  of  1867-68,  and  was  again 
opened  at  the  expense  of  the  Kaweah  and  Mill  Greek  Water  Gompany. 

Bostwiclc  Gut. — This  is  a  short  ditch  or  canal,  south v?  ester ly  from  St. 
Johns  Eiver  about  three-quarters  of  a  mile  above  Eocky  Ford,  to  Lane 
Slough,  which  continues  in  a  southwesterly  direction  to  Kaweah  Eiver. 
It  was  constructed  in  1863  or  1864,  for  drainage  purposes,  with  money 
from  the  swamp-land  funds.  There  seems  to  be  no  doubt,  however, 
that  it  would  not  have  been  constructed  had  it  not  been  desirable  to 
increase  the  flow  in  Yisalia  and  Packwood  creeks  for  irrigation  pur- 
XX>8es.  The  cut  was  filled  with  drift  and  silt  by  subsequent  freshets, 
and  was  again  opened  in  1876  by  the  same  parties  who  the  following 
year  organized  the  Kaweah  and  Mill  Greek  Water  Gompany.  It  is 
Hbout  18  to  20  feet  wide  on  the  bottom  and  half  a  mile  long.  It  is  pro- 
vided with  a  head  gate  having  a  width  of  213  feet. 
IRB  18 3 
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Ketchum  Cut — This  is  a  ditch,  about  8  feet  wide  on  the  bottom,  having 
its  head  on  the  soath  side  of  St.  Johns  Eiver  about  a  half  mile  above 
Eocky  Ford.  Its  course  is  thence  southwesterly,  skirting  the  eastern 
base  of  the  Swamp  Angels  to  Kaweah  River,  one-half  mile  above  tbe 
head  of  the  Tulare  Canal.  The  ditch  was  constructed,  probably  about 
1864,  with  money  from  the  State  swampland  funds,  ostensibly  for  drain- 
age purposes.  It  was  originally  carried  across  Kaweah  River.  Tbe 
right  to  use  it  for  irrigation  purposes  has  been  claimed  by  the  Rocky 
Ford  Canal  Company,  and,  possibly,  also  by  the  Tulare  Irrigation  Com- 
pany.  It  seems  to  have  been  in  use  principally  for  the  irrigation  of  a 
few  small  tracts  of  land  on  the  north  side  of  Kaweah  River.  Its  flow 
is  controlled  by  a  head  gate. 

Crowley  tUt  Mehrtens  Ditch. — ^To  make  the  enumeration  of  the  old  irri- 
gation works  complete  it  is  necessary  to  mention  the  Crowley  &  Htlir- 
tens  Ditch,  which  was  a  small  ditch  in  use  for  some  years  on  the  soath 
side  of  Kaweah  River,  westward  from  Wutchumna  Hill.  Tbe  head  of 
the  ditch  was  near  the  northwestern  base  of  this  hill.  There  is  noA 
ing  left  of  it  now  except  an  old  cut  in  rotten  granite  on  the  south  bank 
of  the  river,  just  below  where  St.  Johns  River  leaves  the  Kaweab. 

TULARE  IRRIGATION  DISTRICT. 

This  district  was  organized  in  September,  1889,  by  landowners  in  the 
vicinity  of  Tulare.  Those  dependent  upon  the  Rocky  Ford  Canal  an<l 
Cameron  Creek  for  their  irrigation  water  seem  to  have  been  the  prime 
movers  in  the  matter  of  district  organization.  The  lands  depeudent 
upon  Packwood  Creek  (Bacon  &  Crossmore  Canal)  and  upon  the  Kaweah 
Canal  were  mostly  excluded  from  the  district.  The  district  has  an  area 
of  39,200  acres,  including  the  2,500  acres  in  the  town  site  of  Tulare. 
After  much  preliminary  work,  involving  the  examination  and  surveying 
of  a  number  of  feasible  canal  routes  and  reservoir  sites  for  water  stor- 
age, it  was  decided  to  purchase  the  water  rights  of  the  Settlers  Ditch. 
This  was  done  for  $100,000,  in  district  bonds,  through  an  agent,  who  at 
the  same  time  agreed  to  take  an  additional  block  of  district  bond;^ 
amounting  to  $50,000.  The  money  realized  from  this  bond  sale  was 
expended  in  constructing  a  canal,  60  feet  wide  on  the  bottom,  from  a 
point  on  the  north  side  of  St.  Johns  River  about  one-half  mile  below 
Rocky  Ford  in  a  southwesterly  direction,  nearly  parallel  with  the  river, 
about  2^  miles,  to  the  southern  base  of  Iron  Mountain,  where  the  canal 
water  is  carried  across  St.  Johns  River  in  a  flume  9  feet  wide  and  4| 
feet  deep,  which  is  supported  by  two  bridge  spans.  The  course  of  the 
canal  from  St.  Johns  River  is  a  little  west  of  south  to  Kaweah  River, 
which  is  crossed  in  a  similar  flume.  It  then  has  a  course  due  south  to 
a  junction  with  the  Kaweah  Canal.  Before  this  entire  canal  sectioD 
was  completed  the  available  $45,000  had  been  expended  and  the  dis- 
trict was  still  without  water.  The  Kaweah  and  Rocky  Ford  canal* 
were  purchased  for  Sl'0,000.    Contracts  were  let  for  the  construction  of 
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lateral  canals  and  for  the  enlargement  and  completion  of  the  main  canal, 
work  being  practically  paid  for  in  bonds  which,  it  was  understood, 
went  to  the  contractor  through  a  nominal  purchaser.  Main  distributa- 
ries were  carried  through  the  district  from  northeast  to  southwest,  and 
smaller  ones,  generally  on  laud  lines  from  north  to  south,  completed 
the  canal  system.  The  aggregate  length  of  district  canals  is  said  to 
exceed  150  miles,  and  the  main  canal  cuipacity  is  given  at  800  second- 
feet.  It  should  also  be  said  that  the  completed  system  of  works 
involves  the  construction  of  a  storage  reservoir  at  Iron  Mountain,  to  be 
supplied  with  water  by  means  of  a  high  line  canal  with  head  some- 
where near  Dillons  Point.  The  reservoir  site  has  in  part  been  pur- 
chased. The  total  bond  issue  by  the  district  was  $500,000,  all  of 
which  has  been  disposed  of. 

The  area  of  land  irrigated  in  the  district  has  been  rapidly  extended. 
It  is  said  that  from  5,500  to  30,000  acres,  principally  in  alfalfa,  cereals, 
and  orchard,  have  actually  been  irrigated,  the  area  varying  within 
wide  limits,  according  to  amount  and  duration  of  the  water  supply. 
The  inflow  of  water  to  the  canal  is  controlled  by  means  of  three  head 
gates  or  regulators,  of  which  the  one  on  the  north  side  of  St.  Johns 
Eiver  is  60  feet  wide,  and  each  of  the  othe]:s  25  feet.  They  are  all  of 
the  loose  flashboard  type,  the  several  openings  being  about  4  feet,  and 
the  drop  boards  being  supported  by  inclined  timbers.  A  canal  super- 
intendent has  general  charge  of  water  distribution,  and  he  is  assisted 
by  ditch  tenders.  Water  is  generally  available  during  the  four  months 
April  to  June,  inclusive.  Operating  expenses  are  met  by  charging  for 
water,  the  charge  being  fixed  at  50  cents  to  $1  per  acre  for  the  first 
irrigation  and  half  price  for  subsequent  wettings.  The  charge  in  1897 
was  50  and  25  cents.  The  tax  to  meet  interest  on  bonds  and  cost  of  its 
collection  has  been  1.85  to  1.90  per  cent. 

WATER  SUPPLY,  SOILS,  AND    METHODS  OF  IRRIGATION. 

Prior  to  the  great  changes  in  channel  alignment  efifected  by  the 
freshets  of  1861-62,  the  Kaweah  River  waters  spread  at  high  stages 
over  what  was  known  as  Yisalia  Swamp,  which  commenced  at  Wutch- 
umna  Hill  and  ext^ded  southwesterly  about  9  miles,  with  a  width  of 
1  to  3  miles.  The  spreading  waters  were  reunited  in  various  channels, 
as  already  explained,  in  and  below  this  swamp.  Channel  capacity  was 
inadequate  to  pass  flood  waters,  not  only  in  the  swamp,  but  also  below  it. 
It  was  inexpensive  to  divert  water  from  a  natural  channel,  or  even 
from  a  convenient  spot  in  the  swamp,  into  ditches,  and  the  use  of  water 
for  irrigation  commenced  soon  after  the  arrival  of  the  first  settlers.  A 
number  of  ditches  were  thus  in  use  when  the  regimen  of  the  river  was 
changed  by  the  freshets  above  mentioned,  and  entirely  new  works 
became  necessary  in  some  cases  to  keep  the  ditches  supplied  with 
water.  It  was  some  time  before  the  magnitude  of  the  changes  in  the 
river  alignment  and  their  ultimate  effects  were  fully  realized,  and  final 
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relief  to  those  dependent  upon  the  more  southerly  channels  for  water 
did  not  come  until  the  old  channel  of  Kaweah  Biver  was  reopened  as 
the  Fowler  Cut  in  1877.  Meanwhile  there  had  been  a  continually 
increasing  demand  upon  the  several  river  channels  for  water,  and 
almost  every  season  at  the  close  of  the  river's  high  stage  there  was 
contention  and  strife  concerning  the  apportionment  of  the  low-water 
flow  to  the  different  sections  of  Kaweah  delta.  Farmers  who  had  se^ 
tied  on  Canoe  Creek,  Elbow  Creek,  and  Cross  Creek  had  become  accus- 
tomed to  regard  St.  Johns  Channel  as  the  principal  arm  of  the  river, 
and  dams  for  its  diversion  southward  into  and  across  Visalia  Swamp 
were  not  tolerated  without  protest.  When  the  low-water  flow  was 
Anally  restored  to  the  old  channel  numerous  attempts  were  made  to 
force  it  back  into  St.  Johns  River,  and  amicable  adjustment  seemed 
out  of  the  question.  To  avoid  the  possibility  of  having  a  permanent 
change  made  at  the  head  of  St.  Johns  Eiver,  land  was  there  acquired 
by  the  principal  south-side  ditch  companies.  A  brush  dam  was  then 
tolerated  in  the  Kaweah  lliver  channel,  which  effected  a  division  of 
the  flow  at  comparatively  low  stages,  but  the  exact  basis  of  water 
apportionment,  if  any  had  ever  been  agreed  ui>on,  is  not  known  to  the 
writer.  After  many  years  of  individual  effort  some  of  the  settlers 
were  forced  into  cooperative  measures,  as  already  explained,  with  some 
degree  of  success.  Had  there  been  greater  obstacles  to  overcome  iti 
securing  control  of  water  in  the  first  instance,  the  development  of  irri- 
gation might  have  been  less  rapid,  but  would  probably  have  been  ulti- 
mately effected  with  less  friction. 

The  ditches  and  canals  constructed  for  the  reclamation  of  Visalia 
Swamp,  as  already  referred  to,  were  hardly  necessary  as  drain  ways, 
because  the  increased  capacity  given  the  river  channels  by  the  freshets 
of  1801-02  had  greatly  improved  drainage,  and  they  have  in  a  measore 
become  features  of  the  irrigation  system  of  this  river. 

The  surface  of  the  country  watered  by  the  many  delta  channels  of 
Kaweah  Eiver  has  a  slope  from  east  to  west  of  about  6  to  7  feet  to  the 
mile.  The  portion  of  it  near  Yisalia  and  thence  southwest  to  Talare, 
which  is  generally  known  as  the  Four  Creek  country,  is  covered,  in 
some  places  very  densely,  with  a  growth  of  majestic  oaks.  The  soil 
in  the  upper  portion  of  Visalia  delta  is  a  rich  alluvial  loam,  generally 
sandy,  sometimes  heavy.  Near  the  river  the  soil  is  deep,  resting  on 
sands  or  gravel.  At  the  base  of  and  between  the  outlying  hills  on  each 
side  of  the  river  the  predominating  soil  variety  is  a  black  loam  or  dry 
bog,  containing  much  clay,  sometimes  gravel,  and  merges  into  the  heavy 
red  soil  of  the  upper  or  eastern  border  of  the  valley  plain.  Under  the 
soil  of  this  plain  a  hardpan  layer  several  feet  thick  is  nearly  every- 
where found  at  depths  of  from  1  to  5  feet.  Northward  from  Kaweah 
Jliver  this  valley  plain  extends  in  a  broad  belt  along  the  foothill  base. 
The  soil  of  this  belt  is  of  the  usual  heav^'^  red  variety,  containing 
some  gravel.  Its  surface  is  very  generally  besprinkled  with  the  lo«' 
mounds  usually  known  in  the  West  as  hog-wallows.    The  ground  water 
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of  tliis  north-side  district  is  from  8  to  30  feet  below  the  surface,  depth 
increasing  northward  from  the  river  and  eastward  toward  the  foothills. 
Westward  from  this  high  east-side  plain,  and  still  northward  from  the 
river-delta  lands,  the  soil  becomes  shallower  and  alkaline  salts  abound 
in  its  surface  layers.  In  the  Mill  Creek  country,  4  or  6  miles  westward 
from  Yisalia,  the  hardpan  of  the  higher  plain  disappears,  but  the  alka- 
line salts  remain  present  in  undesirable  quantity. 

The  soils  of  the  entire  delta  are  generally  sandy  loams,  chocolate 
colored,  deep  and  strong,  without  the  sublayers  of  hardpan  that  are 
characteristic  of  the  plains.  Ground  water  in  the  Kaweah  (or  Visalia) 
delta  is  usually  at  8  to  12  feet  below  the  surface.  Near  Tulare  and 
westward  from  that  town  the  soil  is  darker  than  in  other  portions  of 
the  delta.  The  surface  of  the  soil  throughout  the  delta  is  smooth  and 
entirely  free  from  the  hog- wallows  of  the  adjacent  main  valley  uplands. 

Intermediate  between  the  Sierra  Nevada  foothills  and  Outside  Creek, 
and  southward  from  Kaweah  Eiver,  is  another  belt  of  country,  3  to  10 
miles  wide,  extending  far  southward  toward  Tule  Eiver  and  embracing 
many  acres  of  excellent,  rather  heavy  soil. 

The  light  average  annual  rainfall  in  the  Kaweah  delta,  only  about  9 
inches,  the  abundance  of  natural  water  courses,  and  the  ease  with 
which  water  can  be  diverted  into  ditches  and  kept  under  control,  are 
circumstances  which  have  combined  to  stimulate  ditch  and  canal  con- 
struction in  this  section  of  the  State,  but  not  for  speculative  purposes. 
The  irrigation  works  are  almost  all  owned  by  the  farmers  who  need  the 
water.  There  are  but  few  irrigators  who  do  not  own  stock  in  some 
ditch  company.  All  irrigation  canals  in  the  delta  have  been  carried  in 
the  most  direct  lines  from  source  of  water  to  place  of  use.  They  are 
almost  invariably  located  on  lines  parallel  with  the  main  drainage  lines 
of  the  country. 

The  lands  watered  by  Kaweah  Biver  are  utilized  for  diversified 
farming.  The  natural  growth  of  trees  and  grasses  has  always  been 
luxuriant  to  the  limit  of  the  overflow  from  the  delta  channels,  and  the 
construction  of  canals  and  ditches  has  greatly  increased  the  wet  area. 
Large  areas  are  in  use  as  natural  pastures,  particularly  to  the  east  and 
north  of  Yisalia.  Wheat  still  remains  the  staple  farm  product,  but 
considerable  areas  have  been  planted  to  alfalfa,  while  the  orchard  and 
vineyard  and  the  occasional  truck  patch  give  evidence  of  the  rapid 
movement  toward  a  more  intense  cultivation  of  the  soil. 

The  aggregate  capacity  of  the  canals,  ditches,  and  water  courses 
whose  flow  is  under  the  control  of  ditch  companies  will  probably  exceed 
2,000  second-feet.  There  are  fortunately  many  years  in  which  for 
months  at  a  time,  and  just  when  water  is  most  needed,  the  flow  of  the 
river  is  in  excess  of  this  amount.  It  is  difficult  to  approximate  the 
area  irrigated  or  beneflted  with  water  from  Kaweah  Eiver,  because  in 
many  instances  water  is  not  actually  applied  to  the  surface  of  the  land, 
but  reaches  the  soil  indirectly  through  seepage.  There  is  no  way  of 
collecting  even  imperfect  statistics,  however,  except  at  great  labor  in 
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the  field,  so  that  when  it  is  stated  that  about  50,000  acres  are  actually 
irrigated  and  an  additional  40,000  acres  are  more  or  less  directly  bene- 
fited with  water  from  this  river,  too  great  reliance  should  not  be 
placed  upon  the  statement. 

There  are  very  few  structures  of  any  kind  in  the  main  canals,  and 
but  few  are  required  to  regulate  the  grade.  Erosion  is  not  undesira- 
ble, as  the  canals  are  generally  long  and  water  is  taken  from  each  at 
comparatively  few  points;  hence  the  increased  cost  of  providing  weirs 
at  points  where  water  is  to  be  diverted  is  more  than  offset  by  the 
increased  capacity  resulting  from  erosion. 

All  structures  for  the  diversion  of  water,  except  dams  at  the  heads 
of  canals,  are  timber  structures;  none  are  of  brick  or  stone.  Dams 
across  natural  water  courses  are  generally  constructed  of  brush  or 
gravel,  and  require  some  annual  repairs.  No  extended  observations 
have  been  made  in  this  i^oction  to  determine  the  loss  of  water  from 
canals  in  transit  to  the  lands  irrigated;  and  it  is  to  be  remembered  in 
this  connection  that  not  all  water  sinking  into  the  ground  from  natural 
or  artificial  water  courses  is  considered  lost,  because  it  is  this  very  loss 
which  fixes  the  elevation  of  the  plane  of  subsurface  or  ground  water, 
and  the  position  of  this  ground- water  plane  often  has  a  direct  bearing 
on  soil  productiveness.  Throughout  a  large  part  of  the  Yisalia  dis- 
trict ground  water  is  within  reach  of  the  roots  of  trees,  alfalfa,  and 
other  plants,  being  kept  there  by  the  water  which  sinks  from  natural 
and  artificial  channels  in  transit  to  lands  irrigated  and  by  the  water 
which  sinks  into  the  ground  on  irrigated  lands. 

The  method  of  applying  water  to  the  lands  to  be  irrigated  is  gener- 
ally by  flooding,  in  small  compartments  or  checks.  These  are  adapted 
to  the  irregularities  of  the  surface,  being  made  rectangular  when  the 
surface  is  sufficiently  level  and  smooth  to  permit  of  this  arrangement 
Crops  cultivated  in  rows,  such  as  beans,  potatoes,  and  corn,  also 
orchards  and  vineyards,  are  generally  irrigated  by  running  water  in 
small  ditches  or  furrows  between  rows.  In  the  case  of  these  products 
the  soil  is  plowed  or  cultivated  as  soon  after  irrigation  as  practicable. 

Here,  as  elsewhere  in  San  Joaquin  Valley,  alfalfa  is  irrigated  after 
each  cutting  (about  every  five  or  six  weeks)  so  long  as  water  is  avail- 
able. Orchards  and  vineyards  receive  water  frequently  during  the 
spring  months,  and  also  in  the  summer  if  water  holds  out.  Corn  is 
irrigated  once  or  twice,  according  to  the  condition  of  the  ground  at  the 
time  of  planting.  Grain  is  rarely  irrigated;  vegetables,  very  copiously 
and  frequently. 

No  attention  has  as  yet  been  paid  to  soil  drainage.  The  many  com- 
paratively deep  natural  channels  in  the  delta  have  kept  ground  water 
so  fur  below  the  surface  that  the  area  in  need  of  drainage  is  relatively 
small.  As  irrigation  systems  are  further  expanded  throughout  the 
delta  it  may  be  that  subsurface  soils  will  receive  water  more  rapidly 
than  it  can  pass  off  from  them,  and  In  such  case  improved  drainage 
systems  will  become  a  necessity. 
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KINGS  RIVER. 
HYDROGRAPHY. 

The  drainage  basin  of  Kings  River  above  the  eastern  margin  of  San 
Joaquin  Valley  has  an  area  of  1,742  sqaare  miles.  The  river's  water- 
shed extends  to  the  main  summit  of  the  Sierra  Nevada.  Less  than 
half  of  it  is  to  be  classed  as  low  mountainous,  all  the  rest  being  high 
mountainous  country.  The  snowfall  of  the  winter  melts  but  slowly 
during  the  spring  months,  consequently  the  river  reaches  its  ordinary 
high  period  late  in  spring  or  early  in  summer.  The  river  is  generally 
low  from  September  to  the  end  of  January;  it  is  at  a  medium  stage 
during  February,  March,  and  August,  and  is  high  from  the  beginning 
of  April  to  the  close  of  July.  The  month  of  least  flow  during  the  six 
years  1878-1884  was  November,*  the  average  mean  flow  having  been 
313  second-feet,  and  the  least  flow  for  a  single  month  220  secon<l-feet. 
The  extreme  low-water  flow  of  the  river  has,  no  doubt,  been  somewhat 
below  the  least  monthly  mean.  At  medium  stages  the  river  carries 
1,000  to  2,000  second-feet  of  water;  during  its  high  stages  its  monthly 
mean  ranges  from  4,000  to  over  8,000  second-feet.  The  maximum  flow 
of  the  river  during  the  six  years  above  named  occurred  in  June,  1884, 
the  extreme  limit  having  been  about  30,000  second-feet. 

A  gaging  station  was  established  on  this  river  September  3, 1895,  by 
the  United  States  Geological  Survey.  It  is  located  about  15  miles  east 
of  Sanger,  3  miles  below  Jarrett  Ranch,  and  southwest  of  a  hill  well 
named  Red  Mountain.  The  station  is  equipped  with  a  steel  cable,  car, 
and  tagged  wire.* 

The  results  of  these  measurements  show  for  the  year  1890  a  maxi- 
mum discharge,  which  occurred  in  May,  of  22,100  second-feet,  and  a 
minimum  discharge,  occurring  in  October,  of  310  second-feet.  The 
average  discharge  for  that  year  was  2,582  second-feet.  Similar  figures 
for  1897  are  as  follows:  Maximum  discharge,  22,730  second-feet,  occur- 
ring in  May;  minimum  discharge,  250  second-feet,  in  September,  with 
an  average  discharge  for  the  year  of  2,933  second-feet. 

The  Southern  Paciflc  Railway  Company  has  maintained  gage-height 
readings  at  their  bridge  on  the  lower  Kings  River  1  mile  from  Kings- 
burg  since  1879.  The  Geological  Survey  has  taken  a  number  of  dis- 
charge measurements  at  this  point,  but  owing  to  the  shifting  character 
of  the  stream  it  has  been  found  impossible  to  construct  rating  tables 
for  same.^ 


I  See  Physical  Data  and  Statintica,  Wm.  Ham.  Hall,  State  Engineer  of  California,  pp.  452, 476. 

'  BulL  U.  a  Geol.  Survey  No.  140, 1896,  p.  280 ;  Eighteenth  Ann.  Kept..  Part  IV,  1897,  p.  390 :  Water- 
Siipply  and  Irrigation  Paper  Ko.  11, 1897.  p.  92;  Water-Supply  and  Irrigation  Paper  No.  16. 1898,  p.  191. 

•Tweiah  Ann.  Kept.  U.  S.  Geol.  Survey,  Part  II.lSJl,  p.  320,  PI.  LXXXII;  Bulletin  No.  131,  1895, 
p.  80,  Bulletin  No.  140, 1896,  p.  284 ;  Eighteenth  Ann.  Rept.,  Part  IV.  1897.  p.  393;  Water-Supply  and 
Irrigation  Paper  No.  11, 1897,  p.  920 ^  Water-Supply  and  Irrigation  Paper  No.  16, 1888,  p.  192. 
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Estimated  jnonthly  discharge  of  Kings  River  at  Red  Mountain,  California, 

[Drainage  area,  1,742  square  miles,  j 


Month. 


1896. 

January 

February 

March 

April 

May 

June 

July 

August 

September 

October 

November 

December 

The  year. 

1897. 

January  

February  

March 

April 

May 

June 

July 

August 

September 

October 

November 

December 

The  year. 


Discharge  (iu aecundfeet). 


Maximum. 


11,020 

1,140 

7,020 

4,600 

22,100 

18,920 

6,680 

1,212 

590 

510 

1,076 

550 


22,100- 


624 

6,344 

4,408 

9,380 

22,732 

10,580 

4,040 

1,100 

480 

572 

2,520 

8,348 


Minimum. 


22, 732 


390 

728 

820 

820 

1,140 

5,160 

1,212 

590 

390 

310 

390 

470 


310 


360 

1,100 

1,240 

1,930 

6,344 

2,520 

1,036 

440 

250 

270 

360 

572 


250 


Mean. 


1,474 

825 

1,710 

1,938 

5,918 

12,737 

3,742 

795 

491 

350 

538 

466 


2,582 


437 

1,631 

1,884 

5,318 

14, 470 

6,145 

2.177 

739 

329 

394 

692 

985 


2,933 


Total 
(in  acre-feet). 


90,682 

47, 477 

105, 181 

115, 349 

363,890 

757,922 

230,110 

48,938 

29,234 

21,520 

32,043 

28,659 

1, 871, 005 


2, 129, 964 


Run-off. 


Depth 
(in  inches). 


Second-feet 

per  aqnttti 

mile. 


0.98 

.51 

1.13 

1.24 

3.90 

8.15 

2.48 

.52 

.31 

.23 

.35 

.31 


20.11 


22.47 


0.)6 
.47 

1.11 

3.40 

7.31 
2.15 
.4o 
.28 
.20 
.81 
.27 


IM 


26,870 

0.29 

0.25 

90,581 

.96 

.92 

115, 843 

1.22 

1.06 

316,442 

3.33 

2.99 

889,731 

9.40 

8.15 

365,652 

3.87 

3.45 

133,859 

1.41 

1.22 

45,440 

.47 

.42 

19, 577 

.20 

.18 

24,226 

.25 

.23 

41, 177 

.44 

1 

.39 

60,566 

.63 

.00 

1.& 


Kings  River  enters  San  Joaquin  Valley  from  the  east  about  20  miles 
east  of  Fresno.  Before  reaching  Centerville  Bottoms  the  river  flows 
in  a  broad  bed  of  cobbles  from  which  the  hills  rise  quite  abruptly 
toward  the  north  and  toward  the  south.  The  hills  retreat  from  the  river 
somewhat  at  the  upper  end  of  Centerville  Bottoms,  forming  a  wedge- 
shaped  valley  that  opens  into  the  main  Sair  Joaquin  Valley  about  4 
miles  farther  west,  at  Centerville.  The  northern  portion  of  this  Kings 
River  spur  of  San  Joaquin  Valley  may  be  regarded  as  a  second  or  upptf 
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button);  tlie  southern  portion,  lying  at  a  lower  level,  is  tlie  upper 
diviisioQ  of  (Jentervilte  Bottoms.  TLc^e  bottom  lauds,  whiuL  have  a 
length  of  about  9  miles,  are  depressed  below  the  geuer^  surface  of  the 
Sau  Joaquin  Valley  plain,  being  about  10  feet  lower  than  the  sume  at 
their  apper  limit  and  aboat  60  feet  below  the  same  at  the  Narrows, 
where  tbe  main  valley  plain  drops  in  abrupt  blnffs  to  the  banks  of  the 
river  as  it  emerges  from  these  bottoms  at  their  sontheastern  extremity. 
From  this  point  southward  for  about  12  miles  the  surface  of  the  main 
valley  has  greater  fUll  than  tbe  river,  gradually  approaching  its  level, 
and  near  Kingsborg  the  bluffs  upon  either  aide  of  the  river  entirely  dis- 
appear. It  is  here  that  the  Kings  River  delta  begins. 
Through  Cent«rville  Bottoms  the  river  tlows  in  numerous  channels. 


Fio.  a.— DlHlurge  of  Eingt  RItm  at  Bad  UoDatBtD.  CKUfornla.  18M. 

the  main  stream  having  a  length  of  about  11  miles  and  a  total  fall  in 
that  distance  of  about  120  feet.  The  beds  of  these  streams  are  for  the 
most  part  formed  of  deposits  of  cobbles,  gravel,  and  sand.  Channel 
banks  are  rarely  high  or  well  defined.  Below  the  Narrows  the  fall  of 
tbe  river  is  only  2  feet  to  the  mile,  which  is  maintaiued  with  reasonable 
uniformity  to  the  ontfall  of  tbe  main  channel  into  Tulare  Lake. 

From  the  head  of  Cole  Slough,  2  miles  south  firom  Kingsburg,  the  main 
channel  of  Kings  Biver  has  a  southwesterly  course  for  a  distance  of  35 
miles  to  the  trough  of  San  Joaquin  Valley;  its  course  thence  is  south 
about  11  miles  to  Tulare  Lake. 

Cole  Slough,  the  uppermost  arm  of  the  river  thrown  ofif  toward  the 
north,  has  a  course  nearly  parallel  with  the  main  channel  of  the  river 
for  some  miles,  then  flows  northwesterly  and,  together  with  other  delta 
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cbanoels,  delivers  its  water  into  Fresno  Swamp,  throagh  which  it  flows 
into  San  Joaquin  Eiver.  Kings  Eiver  has  bat  a  single  tribatary  below 
the  point  where  it  enters  San  Joaquin  Valley.  This  is  Wahtoke  Greek, 
a  small  foothill  stream  which  reaches  the  river  from  the  east  at  the 
Karrows.  Owing  to  scant  rainfall,  there  is  but  little  run-off  from  tbe 
lands  of  the  plains,  and  this  is,  as  a  rule,  away  from  the  main  stream 
and  not  toward  it. 

Canals  and  ditches  from  this  river  are  to  be  divided  into  two  princi- 
pal groups,  of  which  one  embraces  those  which  leave  the  river  at  the 
upper  end  of  Centerville  Bottoms  and  the  other  those  of  the  delta.   For 
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Fig.  lO.—Head  of  Kings  River  &  Frenno  Canal. 


convenience  these  groups  may  be  again  subdivided  according  to  location 
of  tracts  irrigated,  and  will  be  treated  under  appropriate  subheading 


CANALS  AND  DITCHES. 

Kings  River  &  Fresno  Canal, — This  is  the  upper  north-side  canal 
from  Kings  Eiver.  Its  head  is  5 J  miles  above  Centerville.  The  canal 
receives  water  through  the  head  of  a  natural  channel  or  arm  of  tbe 
river  which  has  a  position  at  the  base  of  the  low  north-side  slope  that 
rises  from  the  border  of  the  river  bottoms.  Within  a  mile  of  its  head 
the  canal  is  carried  in  a  cut  northwestward  out  upon  the  surface  of  the 
second  bottom,  and  a  half  mile  beyond  its  water  is  dropped  into)  a 
small  natural  channel  known  as  Burns  Slough.  After  flowing  in  this 
southwesterly  for  a  mile,  the  water  is  carried  westward  in  a  cat  less 
than  one-half  mile  in  length  to  Kip  Slough,  from  which  it  is  again 
reclaimed  1 J  miles  below.  The  course  of  the  canal,  now  in  an  artificial 
channel,  is  thence  westerly  across  Fanshaw,  Red  Bank,  and  Frolic 
creeks  into  the  Dry  Creek  district  northeastward  from  Fresno. 

The  cut  from  Centerville  Channel  of  Kings  Kiver  to  Burns  Sloagh 
has  a  bed  width  of  <ibout  30  feet.  Below  that  point  the  canal  width  is 
quite  irregular,  ranging  from  about  15  to  24  feet.  The  flumes  ovei 
creeks  are  16  feet  wide,  with  sides  3  feet  high.  The  longest  one  is  thai 
across  Bed  Bank  Creek,  which  has  a  length  of  96  feet.  The  fall  of  the 
main  canal  is  lav  in  excess  of  what  might  be  considered  necessary,  its 
course  being  almost  in  the  direction  of  greatest  fall  of  the  ground's 
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surface.  This  results  in  no  injury  to  bauk  lands  in  the  upper  section 
of  the  canal,  where  a  firm  substratum  sets  a  limit  to^  erosion,  but  has 
made  the  u?e  of  frequent  check  weirs  or  drops  necessary  in  its  lower 
sections,  particularly  at  points  where  water  is  delivered  into  branches. 

The  construction  of  this  canal  was  commenced  in  1872.  At  that 
time  a  regulator  was  placed  in  its  head  at  Centerville  Channel  of  Kings 
River.  The  following  year  the  cut  to  Burns  Slough  was  made  and  the 
canal  was  extended  westward  upon  the  valley  plain.  The  canal  was 
intended  primarily  to  supply  water  to  landowners  who  had  become 
stockholders  in  it,  but  the  sale  of  water  was  not  restricted  to  the  stock- 
holders. The  company's  capital  stock  was  fixed  at  $100,000,  in  1,000 
shares.  Water  is  sold  at  rates  annually  determined,  not  exceeding  $50 
per  second  foot  for  stockholders  and  $75  i)er  second-foot  for  other  irri- 
gators. The  sale  of  water  covers  all  expenses  of  management  and 
repairs.    The  first  cost  of  the  canal  was  about  $50,000. 

As  a  result  of  adverse  claims  to  the  use  of  Centerville  Channel  the 
canal  company  was  in  conflict  with  the  Fresno  Canal  and  Irrigation 
Company  until,  in  1876,  it  was  agreed  that  the  water  in  the  regulator 
of  the  Kings  Biver  &  Fresno  Canal  should  be  maintained  at  1  foot  in 
depth  during  the  low-water  period  of  the  river  until  there  was  less 
than  1  foot  in  depth  in  the  regulator  of  the  other  canal,  and  that 
thereafter  equal  depths  should  be  maintained  in  both  regulators. 

The  distribution  of  water  to  ditches  of  consumers  is  in  charge  of  a 
canal  superintendent.  J^o  system  of  measurement  is  in  use.  Water 
is  delivered  to  each  ditch  on  the  judgment  of  the  superintendent  in 
proportion  to  the  number  of  second-feet  to  which  each  ditch  is  entitled. 
No  attempt  is  made  to  effect  actual  delivery  of  the  amount  of  water 
bargained  for.  Any  number  of  irrigators  may  unite  and  have  the 
aggregate  amount  to  which  they  are  entitled  delivered  through  one 
gate. 

The  Enterprise  Ditch  was  the  result  of  such  combination  of  interests. 
It  was  constructed  about  1885.  It  received  water  for  a  time  from  the 
main  canal  at  the  point  where  its  waters  are  dropped  into  Kip  Slough, 
and  takes  a  westerly  course  along  the  base  of  the  north-side  foothills. 
Bounding  the  point  of  these  about  2^  miles  north  of  Centerville,  its 
course  is  northerly  for  4  miles,  thence  westerly  about  8  miles,  gen- 
erally 3  to  4  miles  north  of  the  main  canal.  This  ditch  was,  a  few 
years  after  construction,  sold  to  the  Fresno  Canal  and  Irrigation  Com- 
pany in  consideration  of  40  water  rights  that  were  issued  to  its  owners. 

Fresno  Canal. — The  head  of  Fresno  Canal  is  about  IJ  miles  below 
tlie  head  of  the  Kings  Biver  &  Fresno  Canal;  also  on  the  north  side 
of  Centerville  Channel.  A  short  artificial  channel  having  a  westerly 
course  drops  the  water  of  the  canal  into  Chambers  Slough,  which  is  a 
dej>ression  at  the  base  of  tlie  low  bluff'  at  the  northern  margin  of  the 
bottoms.  This  has  been  converted  into  a  section  of  the  canal  by  the 
construction  of  a  levee  along  its  south  bank  to  a  point  a  little  over  a 
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mile  from  the  head  of  the  caual.  There  the  canal  enters  Lon^^  Cat, 
which  extends  westward  in  a  direct  line  a  little  over  one-half  mile  and 
carries  the  canal  water  into  another  natural  channel^  Burns  Slough, 
which  connects  with  Kip  Slough  a  short  distance  below.  Long  or  Big 
Gut  pierces  the  rimland  which  borders  Genterville  Bottoms  on  tbe 
north.  It  has  a  greatest  depth  of  about  10  feet  and  a  width  of  65  feet. 
Kip  Slough  is  utilized  for  the  canal  for  a  little  over  a  half  mile.  It  is 
thence  carried  westerly  nearly  2  miles  in  an  irregular  natural  depres- 
sion, which  was  converted  into  a  canal  by  constructing  embankments 
along  the  south  bank  of  the  proposed  water  way.  From  this  depres 
sion  an  artificial  channel  only  about  500  feet  long  drops  the  canal  water 


Fia.  11.— Head  of  Fresno  Canal. 


into  Mud  Creek,  down  which  it  flows  in  a  southwesterly  direction  3  to  4 
miles  to  Fancher  (Fanshaw)  Creek,  which  then  becomes  the  main 
channel  of  the  creek  to  a  point  about  3  miles  east  of  Fresno. 

Where  Fresno  Canal  leaves  Kip  or  Lone  Tree  Slough  the  slough  is 
closed  by  means  of  an  embankment,  in  which  a  gate  has  been  placed, 
through  which  water  is  delivered  into  the  lower  section  of  the  slouirh, 
which  is  also  known  as  the  Kiiigsburg  branch  of  Fresno  Canal.  This 
branch  delivers  water  to  the  Highland,  the  Garfield  (which  also  receives 
water  from  other  sources),  the  McCall,  and  the  Selma  ditches. 

The  main  canal  may  be  regarded  as  terminating  in  the  old  sink  of 
Fancher  Greek,  about  3  miles  east  of  Fresno.  From  that  point  it 
sends  southward  its  Washington  Colony  branch  and  south  westward 
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the  Central  Colony  branch,  from  which  there  is  another  branch  to 
Fresno  Colony.  At  the  Hobler  Dam,  about  8  miles  east  of  Fresno,  a 
branch  is  taken  out  toward  the  south  and  reaches  Fowler  and  the  col- 
onies in  its  vicinity,  and  another  branch  is  carried  westward  from  the 
north  side  of  the  main  canal  to  portions  of  the  Easterby  ranches. 
Two  miles  above  the  Hobler  Dam  the  principal  north-side  diversion  is 
made.  This  is  known  as  the  Mill  Ditch,  which  for  many  years  furnished 
power  to  a  flour  mill  in  Fresno,  altd  delivered  the  water,  after  use  for 
]M)wer,  to  the  colonies  south  westward  from  Fresno.  The  ditch  through 
Fresno  and  this  north  side  branch  has  become  the  feeder  of  the  Bank 
Land  Canal,  which  conveys  water  northwesterly  to  a  large  tract  of 
land  northwest  of  Fresno.  Another  north-side  branch  of  the  Fresno 
Canal  is  the  Enterprise  Ditch,  which  has  already  been  referred  to  in 
describing  the  Kings  Hiver  &  Fresno  Canal  (p.  43).  This  ditch  was 
purchased  for  40  water  rights. 

No  attempt  will  here  be  made  to  describe  or  even  to  enumerate  the 
many  small  branches  of  this  canal,  particularly  as  some  of  these  are 
owned  iudei)endently  and  often  receive  water  from  other  sources  as  well 
as  from  the  Fresno  Canal.  It  may  be  suflicient  to  state  that  the  aggre- 
gate area  covered  by  water  rights  (each  nominally  1  second-foot  to  160 
acres)  exceeds  160,000  acres. 

The  history  of  this  canal  construction  is  not  without  interest.  Oper- 
ations on  it  commenced  in  1870  with  the  posting  of  a  notice  of  a  claim 
to  water  "to  be  taken  from  Rings  Eiver  at  the  upper  end  of  Sweem's 
Ditch,  20  feet  on  the  bottom,  30  feet  on  the  top,  4  feet  deep."  This 
claim  was  made  by  Mr.  M.  J.  Church,  who  a  month  later  acquired  a 
two- thirds  interest  in  the  Sweem  Ditch.  The  Sweem  Ditch  was  a  small 
ditch,  the  construction  of  which  seems  to  have  been  commenced  in  1870, 
which  was  intended  to  increase  the  flow  of  what  was  then  known  as 
the  Centerville  Ditch.  Its  upper  section  was  enlarged  and  became  the 
head  section  of  Fresno  Canal.  In  1872  a  regulator  or  head  gate  was 
constructed  in  the  head  of  the  Fresno  Canal,  and  in  the  spring  of  1874 
a  small  cut  on  the  line  of  the  present  Long  Cut  was  completed  from  the 
Centerville  Ditch  to  the  lower  sections  of  the  Fresno  Canal,  on  which 
work  had  meanwhile  been  pushed  to  the  limit  of  the  means  of  the  pro- 
jector of  the  work,  Mr.  M.  J.  Church.  This  small  connecting  ditch  is 
reported  to  have  had  a  bed  width  of  only  5  feet  on  a  grade  of  5  feet  to 
the  mile.  As  the  alignment  of  a  part  of  the  older  Centerville  Ditch 
was  in  time  to  become  the  alignment  of  a  section  of  the  Fresno  Canal, 
and  because  it  seemed  desirable  to  secure  the  water  rights  acquired  by 
the  Centerville  people,  arrangements  were  made  to  obtain  control  of  the 
corporation  known  as  the  Centerville  Canal  and  Irrigation  Company,  and 
a  transfer  of  their  ditch  property  was  made  to  the  Fresno  Canal  and  Irri- 
gation Company.  This  was  in  1874.  As  soon,  however,  as  the  settlers 
near  Centerville  realized  what  their  officers  were  doing  the  demands  for 
just  treatment  at  the  hands  of  the  Fresno  Canal  and  Irrigation  Com- 
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pauy  were  made  so  emphatic  that  those  who  were  entitled  to  water  in 
the  older  ditch  were  granted  water  rights  in  the  new  canal  for  tbeir 
lands  iu  perpetuity,  without  limit  as  to  quantity  and  free  from  expense 
assessments.  About  1,500  to  2,000  acres  of  land  are  thus  covered.  In 
1875  it  became  necessary  to  enlarge  the  cut  westward  from  the  Center- 
ville  Ditch,  and  to  this  end  labor  was  bargained  for  with  farmers  wbo 
wanted  water  delivered  to  their  lands  through  Lone  Tree  Creek. 
Thirty-five  water  rights  were  issued  to  farmers,  who  completeil  it  in 
June,  1875.  Meanwhile  other  parties  besides  Mr.  Church  had  become 
financially  interested  in  the  enterprise,  notably  Mr.  P.  Y.  Easterby,  ami 
later  Mr.  W.  8.  Chapman.  It  was  not  profitable,  however,  at  the  out 
set,  and,  as  the  indirect  result  of  overspeculation  in  wheat  by  outside 
parties  and  failure  to  increase  loans,  a  transfer  of  the  property  in  1870 
to  the  Bank  of  Nevada  became  necessary.  The  management  of  the 
property  by  this  bank  was  expensive  and  gave  no  promise  of  success. 
It  was  not  long,  therefore,  before  the  original  projector  of  the  enterprise 
was  sent  for  and  the  property  was  sold  to  him,  on  the  execution  bylnin 
of  a  long-term  note,  for  $28,000.  By  this  time  a  number  of  large  hold- 
ings of  land  had  been  subdivided  and  sold  in  small  tracts  and  bad 
become  dependent  upon  the  canal  for  water.  Notable  among  these 
early  colonies  are  Central  Colony,  2,040  acres,  and  Temperance,  Church, 
and  Nevada  colonies,  each  640  acres.  These  colonies,  together  with  the 
Pioneer  vineyard  on  the  F.  T.  Eiseu  tract,  soon  demonstrated  the  great 
productiveness  of  the  Fresno  sand  plains,  and  the  development  of  that 
region  was  rapid  during  the  next  decade.  The  sale  of  water  rights  had 
progressed  steadily,  so  that  in  1884  about  400  had  been  issued  or  bar- 
gained for,  and  their  price  had  increased  from  $200  to  $800  each. 
Later  their  price  was  fixed  at  $1,000  by  the  canal  management. 

A  water  right,  as  issued  by  the  company,  is  the  right  to  use  one- 
thousandth  part  of  the  fiow  of  the  canal,  not  in  excess  of  1  second-foot, 
on  a  specified  tract 'of  160  acres.  The  canal  company  reserves  the 
privilege  of  issuing  1,000  water  rights  without  enlarging  the  main 
canal.  Each  purchaser  of  a  water  right  agrees  not  to  use  the  water, 
or  permit  it  to  be  used,  on  any  other  land  than  that  for  which  the  right 
is  purchavsed,  nor  to  permit  the  water  to  run  ott"  uxK)n  contiguous  land 
or  in  any  other  way  to  run  to  useless  waste,  and  he  agrees  to  return 
surx)lus  waters  back  into  the  main  canal  or  a  branch  thereof.  Each 
water  right  remains  subject  to  an  annual  expense  assessment,  which 
ranges  from  '*80  to  $100.  Water  is  delivered  without  any  attempt  at 
measurement  to  each  irrigator  at  any  point  on  the  company's  ditch 
system  that  he  may  select.  No  transfer  of  a  water  right  can  be  made 
except  with  the  land  which  it  covers.  Each  purchaser  of  a  water  right 
grants  to  the  canal  company  the  right  of  way  for  ditch  and  canal 
purposes  through  any  lands  lying  in  the  same  township  as  the  tract 
for  which  water  is  bought,  and  concedes  to  the  company  the  right 
to  use  his  private  ditch  provided  the  company  does  not  use  it  so  aa  to 
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interfere  with  the  delivery  of  his  water.    The  purchaser  of  a  water 
riglit  farther  obligates  himself  to  pay  to  the  canal  company  annually 
an  agreed  sum  (this  has  usually  been  $100),  and  in  default  of  payment 
for  thirty  days  to  forfeit  his  water  right.    The  water-right  agreement 
inrther  sets  forth  that  the  company  shall  not  be  responsible  for  defi- 
ciency in  water  supply  caused  by  drought,  insufficiency  of  water  in  the 
^^ver,  hostile  diversion  or  obstruction,  forcible  measures  or  temporary 
t^Hniage  by  floods  or  other  accidents,  but  that  it  shall  use  and  employ 
^n  due  diligence  at  all  times  in  restoring  and  protecting  the  flow  of 
'^ater  in  its  canals. 

The  structures  on  the  canal  do  not  deserve  extended  notice.  They  are 
*"  DQade  of  timber.  The  original  regulator  has  been  replaced  by  a 
second  one,  constructed  about  1884,  shown  in  PI.  YIIJ,  A  and  B,  It 
^^liBists  of  a  substantial  framework  of  heavy  timbers,  spaces  between 
vertical  posts  being  closed  by  vertical  sliding  gates.  From  the  head 
grate  an  embankment  of  cobblestones,  gravel,  and  sand  extends  north- 
^"arfj  across  Centerville  Bottoms  to  a  connection  with  high  land,  and 
prevents  destruction  of  the  upper  section  of  the  canal  during  freshets. 
■*^"^  diversion  of  water  into  the  head  of  the  canal  is  eff'ected  by  means 
w  ix  brush-aud-cobblestone  dam,  as  shown  in  PI.  VII,  the  raainte- 
^^noe  of  which  in  the  past  has  not  been  expensive.  Along  the  line  of 
*'"^  canal,  wherever  necessary  to  prevent  excessive  erosion,  or  where 
'Quired  to  turn  water  into  a  branch  ditch,  light  timber  weirs  are  in 
^^^^*  Most  of  these  consist  of  two  side  or  bulkhead  walls  and  a  floor, 
^^Ua,lly  placed  a  little  below  the  grade  of  the  canal,  and  a  line  of  verti- 
^^^  posts  supx)orted  by  braces  from  below.  Spaces  between  posts  are 
^•Osed  to  the  desired  height  either  by  fixed  horizontal  boarding  or  by 
^^Vable  drop  timbers  or  boards. 

The  impression  which  the  whole  work  gives  is  that  of  haphazard 

^Hiiagement,  the  result  of  which  is  not,  however,  entirely  unsatisfac- 
tory. 

The  control  of  the  canal  long  ago  passed  out  of  the  hands  of  Mr. 
^Imrch,  who  eftected  a  profitable  sale  of  the  property.  It  is  now 
^^^finaged  by  parties  who  also  own  controlling  interests  in  the  Kings 
^iver  and  Fresno  Canal  Company  and  who  have  acquired  the  property 
^iiown  as  Rancho  Laguna  de  Tache.  It  remains  to  be  added  that 
these  parties  as  owners  of  the  rancho,  which  is  located  on  lower  Kings 
Itiver,  have  entered  into  a  contraitt  with  the  Sunset  irrigation  district 
Under  the  terms  of  which,  in  consideration  of  a  reservoir  site,  a  riglit  of 
\^ay  for  a  canal,  and  a  waiver  of  riparian  rights,  the  irrigation  district 
has  paid  to  the  owners  of  the  rancho  $250,000  in  bonds  and  has  agreed 
to  make  no  demand  for  water  until  3,500  second-feet  of  water  are  avail- 
able for  the  Fresno  Canal  and  the  canal  of  the  rancho. 

Centerville  Ditch. — Tiiis  is  at  present  a  branch  of  the  Fresno  Canal. 
It  was  constructed  in  1808  and  1800  by  settlers  near  Centerville  (now 
Kings  River).    They  organized  a  company  known  as  the  Centerville 
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Canal  and  Irrigation  Company,  which  was  incorporated  in  Augnst., 
18G8.  This  company  seems  to  have  been  the  successor  in  interest  to 
all  rig^hts  acquired  by  some  of  the  settlers  whose  first  steps  to  secure 
water  were  taken  in  1865.  The  canal  was  constructed  southwesterly 
from  a  point  near  where  the  head  of  the  Kings  Eiver  &  Fresno  Caual 
now  is  about  2i  miles  to  Bums  Slough;  thence  this  slough  was 
utilized  for  about  a  mile  to  a  point  a  short  distance  below  the  Long 
Cut,  and  thence  the  ditch  was  extended  southwesterly  about  3  miles 
farther  to  lands  at  and  west  of  Centerville.  The  canal  property  was 
transferred  to  the  Fresno  Canal  and  Irrigation  Company  in  1874,  by 
those  who  had  secured  control  of  the  stock,  and  the  opposing  minority 
interests  were  finally  placated  by  the  issuance  of  perpetual,  unassess- 
able water  rights  in  the  newer  canal  to  stockholders  who  ownetl  lands 
near  Centerville. 

Svreem  Ditch, — This  ditch  was  never  completed.  Its  construction 
was  commenced  in  1870  from  a  point  near  the  present  bead  of  tbe 
Fresno  Canal,  practically  on  the  alignment  subsequently  adopted  for 
that  canal.  Its  purpose  was  to  increase  the  delivery  of  water  into 
Burns  Slough  for  the  Centerville  Ditch.  It  was  sold  before  completion 
to  the  parties  who  were  at  work  on  the  Fresno  Canal  project,  and 
within  a  few  years  it  was  transformed  into  a  large  canal,  as  already 
explained. 

Fowler  Switch  Canal, — The  head  of  the  Fowler  Switch  Canal  is  in 
Centerville  Bottoms,  about  100  yards  below  the  head  of  the  Fresno 
Canal.  Its  course  is  southwesterly  for  1^  miles  in  Centerville  Bottoms, 
thence  westerly  for  2  miles  across  the  second  bottoms  to  near  the 
channel  of  Lone  Tree  Creek,  thence  southwesterly  10  miles  and  soath* 
erly  5  miles  to  a  point  about  midway  between  Fowler  and  Selma,  thence 
southwesterly  5  miles,  thence  northwesterly  into  the  district  southward 
from  the  Washington  Colony.  The  canal  is  said  to  have  been  built  to 
carry  1,500  second-feet.  Its  bed  width  is  about  45  feet,  its  depth 
variable.  The  gradient  is  very  irregular,  being  th,at  of  the  natural 
surface  of  the  ground  in  its  upper  sections,  where  a  quite  firm  hard- 
pan  formation  is  relied  upon  to  check  excessive  erosion  of  the  caual 
bed.  Near  the  lower  end  of  the  canal  it  was  given  a  fall  of  1.92  feet 
to  the  mile. 

It  was  proposed  to  use  no  check  weirs  to  reduce  the  fall,  which  for 
short  distances  was  as  great  as  12  feet  to  the  mile,  and  to  put  lateral 
ditches  at  a  lower  elevation  than  the  main  canal,  so  as  to  reduce  the 
necessary  structures  to  a  minimum.  It  was  soon  found,  however,  that 
weirs  would  be  necessary  at  some  points  to  check  erosion  and  at  most 
points  where  water  was  to  be  diverted. 

Among  the  branches  of  tbe  Fowler  Switch  Canal  may  be  mentioned 
the  Cleveland  Ditch,  about  5  miles  long,  which  delivers  water  to  lands 
midway  between  Malaga  and  Fowler;  the  Western  Canal,  which  sup- 
plies water  to  lauds  adjacent  to  and  immediately  south  of  the  Sierra 
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Park  and  Wasliingtoii  Colony;  the  Orant  Ditcb,  vhich  bas  a  westerly 
course  for  4  or  5  miles  from  uear  the  end  of  the  main  canal;  and  the 
Elkhom  Caoal,  which  has  a  soutliweattrly  course  aud  delivera  water 
to  the  western  t>ortioii  of  th«  Wildliower  region.  The  entire  canal  sys- 
tem gave  promise  of  being  one  of  considerable  importance  to  the  pros- 
perity of  the  district  it  couimsnded,  but  hopes  have  not  been  fnlly 
realized.  The  canal  hue  not  been  permitted  to  take  river  water  with- 
oat  protest,  and  unfavorable  court  decisions  have  thrown  some  doubt 
Q|K>n  the  reliability  of  this  canal  as  a  source  of  supply. 

This  canal  was  constructed  in   1883.    Farmers  in   the  vicinity  of 
Fowler  who  wanted  water  for  their  own  lands  formed  a  corporation, 


Fio.  12.— Howl  of  FowlerSTitch  Canml. 

the  capital  stock  of  which  was  fixed  at  $450,000,  divided  into  1,500 
Shares,  of  which  300  were  subscribed  for.  It  was  agreed  that  in  pay- 
*3ient  for  each  share  labor  and  material  might  be  contributed  to  the 
Extent  of  $200,  the  remainder  to  be  paid  in  coin.  It  was  soon  found, 
fcowever,  that  the  first  issue  of  shares  would  not  cover  the  cost  of 
^anal  construction,  and  it  was  followed  by  a  second  issue  of  300  shares, 
Xrliich  were  taken  by  the  same  persons  who  held  the  first  issae. 
■^bout  $110,000  were  expended  on  caual  construction  in  the  first  two 
Jfears. 

The  water  in  the  canal  is  apportioned  to  the  stockholders,  who  may 
^sk  for  the  delivery  of  their  water  at  any  point  on  the  maincanat 
3liis  bas  led  to  the  construction  of  a  number  of  branch  ditches  under 
lEE  18 i 
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independent  management^  which  receive  their  water  from  the  main 
canal.  One  of  the  principal  branches  of  this  sort  is  the  Elkbom 
Ditch.  It  is  owned  by  a  company  in  which  thirty  shares  are  represented. 
Some  of  the  stockholders  in  the  Elkhorn  Ditch  Company  are  not  hold- 
ers of  Fowler  Switch  stock.  In  snch  cases  they  are  required  to  buy 
their  water  from  some  stockholder.  The  use  of  the  Elkbom  Ditch  is 
restricted  to  its  owners,  no  water  being  sold. 

The  water  represented  by  the  stock  of  the  Fowler  Switch  Canal  Com- 
pany is  at  the  disposal  of  the  individual  stockholders  to  the  extent 
tbat  it  maybe  leased  or  sold  and  its  delivery  maybe  called  for  through 
any  branch  ditch.  No  system  of  water  measurement  or  special  design 
of  gate  has  been  prescribed.  All  gates  in  distributing  ditches  are  con- 
structed by  the  consumers.  The  delivery  of  water  through  these  gates 
is  in  charge  of  a  canal  superintendent.  The  canal  company  itself  does 
not  sell  any  water.    All  expenses  are  met  by  assessing  the  stockholders. 

The  structures  on  the  canal  do  not  merit  extended  notice.  They  are 
all  of  very  light  construction.  The  check  weirs  or  drops  are  V-shaped, 
upper  and  lower  faces  being  permanently  sheathed  with  light  boarding. 
There  is  no  diverting  dam  at  the  head  of  the  canal,  which  has  been 
located  just  above  a  natural  cobblestone-and  bowlder  riffle. 

Centerville  cfc  Kingaburg  Canal, — This  is  another  of  the  important 
north-side  canals  from  Rings  Eiver  belonging  to  the  upper  group  of 
canals.  Its  head  is  about  2  miles  in  a  direct  line  northeast  of  Center- 
ville, and  about  the  same  distance  by  river  below  the  head  of  the 
Fowler  Switch  Canal.  Its  course  is  westerly  for  nearly  half  a  mile, 
directly  toward  the  northwestern  margin  of  Centerville  Bottoms.  Its 
second  half  mile  has  a  southwesterly  direction,  along  the  slope  from 
higher  plains  to  the  bottoms ;  thence  on  the  higher  level  it  holds  aoourse 
southwesterly  and  southerly  for  about  8  miles,  practically  parallel  with 
the  bluff,  20  to  30  feet  high,  which  drops  from  the  valley  plain  to 
Centerville  Bottoms.  This  portion  of  the  canal  is  frequently  within  a 
few  rods  of  the  edge  of  the  bluff,  and  is  rarely  more  than  half  a  mile 
distant  therefrom. 

About  9  miles  below  its  head  the  canal  is  separated  into  a  number  of 
branches,  which  radiate  throughout  the  district  westward  from  Kings 
Biver  below  the  Narrows,  extending  southeastward  to  lands  east  and 
south  of  Sanders,  southward  to  the  vicinity  of  Kingsburg,  and  south- 
westward  beyond  Selma  and  well  into  the  Wildflower  country. 

The  main  canal  has  irregular  dimensions,  its  bed  width  being  gener- 
ally about  30  to  35  feet.  It  has  been  allowed  to  cut  deep  into  the  friable 
surface  soils  in  the  upper  sections  of  its  course,  where  but  little  attempt 
has  been  made  to  reduce  its  gradient  below  that  of  the  natural  surface 
of  the  ground.  The  length  of  main  canal  is  about  18  miles.  The  length 
of  its  three  principal  branches  is  reported  at  about  26  miles. 

The  diversion  from  the  river  is  effected  by  means  of  a  brush-and- 
cobblestone  dam,  in  which  a  small  gate  serves  as  waste  way  and  sand 
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sluice.  The  canal  regulator  is  close  to  the  river  and  is  of  a  type  very 
common  on  Kings  Biver  canals.  Three  rows  of  posts  rising  from  a 
plank  floor  extend  across  the  canal  from  one  bulkhead  wall  to  the  other. 
They  support  a  platform  loaded  with  cobbles  and  gravel  to  give  sta- 
bility to  the  structure.  The  spaces  between  upper  posts  are  closed  by 
means  of  vertically  sliding  gates,  each  of  which  has  a  stem  extend- 
ing above  the  platform,  to  which  power  is  applied  when  the  gate  is  to 
be  opened  or  closed.  The  cost  of  the  regulator  was  about  $1,000.  The 
£rst  cost  of  the  canal  was  about  $35,000. 

This  canal  was  constructed  in  1877  and  1878.  It  was  built  by  a 
company  organized  by  farmers  who  owned  lands  near  Kingsburg  and 
Selma.  The  capital  stock  of  the  corporation  which  they  formed  was 
originally  fixed  at  $12,500,  but  was  subsequently  increased  to  $35,000, 
being  divided  into  fifty  shares.  The  upper  2  miles  of  the  canal  were 
constructed  by  day  labor.    The  rest  of  the  main  canal  was  divided  into 


Fio.  13.— Head  of  CenterrUlA  &,  Kingsburg  Canal. 

sections,  each  of  which  represented  one  share  of  stock,  and  was  assigned 
to  some  stockholder,  who  was  required  to  complete  it.  A  few  unlimited, 
unassessable  rights  to  water  from  the  canal  have  been  granted  to  set- 
tlers near  Centerville,  in  consideration  of  rights  of  way.  Each  stock- 
liolder  is  entitled  to  the  delivery  of  a  proportional  part  of  the  water 
remaining  available  for  distribution;  but  each  stockholder,  or  the 
corporation  when  in  possession  of  any  sh<ares  of  stock,  may  lease  the 
shares.  The  price  of  a  share  per  month  in  1882  was  $6.  Shares  were 
at  that  time  valued  at  about  $1,500.  Each  share  of  stock  is  supposed 
to  represent  "3  feet  of  water;"  an  expression  of  quantity  whicli  seems 
as  vague  as  the  amount  named  in  the  franchise  of  the  company — *n50 
cubic  feet  of  water  under  a  4-inch  pressure."  In  fact,  however,  each 
share  of  stock  entitles  its  holder  to  a  proportional  part  of  the  water 
varying  somewhat  according  to  the  number  of  shares  in  actual  use,  but 
not  in  excess  of  tUi*ee  times  the  amount  which  would  flow  4  inches  deep 
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over  a  clear  overfall  12  iucbes  long.  Water  is  apportioned  on  the  judg- 
ment of  a  canal  8ui>erinteudent,  generally  throagh  gate8  of  like  coo- 
straction.  When  the  amount  of  water  per  share  of  stock  in  the  canal 
exceeds  three  units,  each  indicated  by  a  clear  overfall  of  4  inches  on  a 
length  of  12  inches,  then  all  surplus  water  is  held  for  sale,  by  the 
directors  of  the  company,  at  fixed  rates  per  mouth  per  unit.  The  cost 
of  canal  iiianagernent,  maintenance,  and  repairs  is  assessed  upon  the 
stockholders.  The  annual  expense  assessment  is  now  about.  #80  |)er 
share  of  stock.  The  works  required  to  divert  water  from  the  uiaiu 
canal  into  private  ditches,  including  weirs  in  the  main  canal,  are  cod- 
strncted  by  the  consumers  of  water,  subject  to  approval  of  the  canal 
company. 

Satisfactory  use  of  this  canal  has  been  interfered  with  to  no  little 
extent  by  litigation,  generally  involving  the  right  of  the  canal  to  receive 
water  from  the  river,  and,  as  in  the  case  of  other  canals  from  Kings 
liiver,  its  permanent  eMciency  as  a  source  of  supply  has  been  thrown 
somewhat  into  doubt  by  adverse  decisions  of  the  courts. 

Selma  irrigation  district. — This  irrigation  district  is  situated  on  tLe 
north  side  of  Kings  Kiver,  in  Fresno  County,  and  embraces  within  its 
limits  the  lands  now  watered  by  the  Fowler  Switch  and  the  Centerville 
&  Kiugsburg  canals.  It  was  organized  in  1890  with  an  area  of 
271,000  acres.  For  the  purchase  of  existing  canals  and  the  construc- 
tion of  new  works,  it  was  proposed  to  issue  bonds  to  the  amount  of 
$1,000,000;  bnt  the  bond  issue  was  twice  defeated  at  the  i>olls,  and  it 
seems  to  be  generally  conceded  that  there  is  small  probability  of  a 
continuation  of  operations  under  the  district  law. 

Alia  irrigation  diHtrict{7()  Canal). — The  canal  which  supplies  water 
to  the  Alta  irrigation  district  is  known  as  the  76  Canal.  It  belongs  to 
the  upper  group  of  Kings  Kiver  canals.  Its  head  is  on  the  south  side 
of  the  river,  about  IJ  miles  above  the  head  of  the  Kings  River  & 
Fresno  Canal,  if  the  point  at  which  the  uppermost  work  for  the  direc- 
tion of  water  toward  the  canal  regulator  may  be  termed  its  heail.  At 
that  point  a  branch  of  the  river  has  been  enlarged  somewhat  and  other- 
wise improved,  and  the  water  diverted  from  the  main  stream  througb 
this  natural  channel  is  carried  in  a  succession  of  depressions  or  higb- 
water  channels  along  the  southeastern  margin  of  Centerville  Bottoms 
about  3  miles,  to  the  point  where  the  canal  cuts  out  upon  the  higher 
plain  lying  to  the  east  of  Centerville  Bottoms.  The  natural  depressions 
of  the  up])er  coal  section  have  in  large  part  been  converted  into  a  canal 
by  building  up,  ah)ng  their  low  western  banks,  embankments  of  cobble- 
stones and  bowlders,  which  were  taken  from  their  beds  for  their  enlarge- 
ment. Where  the  canal  turns  away  from  Centerville  Bottoms  a  cut 
9  feet  in  depth  was  nettessary.  From  this  point  the  canal  has  a  general 
sontheasterly  course,  following  a  grade  line  with  18  inches  fall  to  tlie 
mile,  th;it  skirts  the  western  foothill  base.  At  G  miles  below  the  regu 
later  the  canal  is  carried  across  Wahtoke  Creek,  and  its  southeiisterly 
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(■ours)-  is  maiiitairted  about  22  miles  fartlior,  to  iiCilr  Cottonwood  Creek. 
Tbe  main  canal  has  been  made  the  eastern  boundary  of  the  Alia  iiri- 
gatioii  district. 

The  bed  width  of  the  canal  throughont  the  first  fli  miles  below  tbe 
regulator  is  100  feet.  Its  ca|)acity,  witli  a  depth  of  5  feet  of  water,  is 
abottt  1,200  second  feet.  From  tlie  main  canal  numerous  bnuiches 
extend  southwesterly  and  southerly  into  tbe  lieait  of  the  district. 
The  principal  of  these  is  the  Traver  branch,  which  lias  been  given  a 
bed  width  of  60  feet.  It  leaves  the  main  canal  about  1^  miles  below 
Walitoke  Creek,  and,  as  its  name  indicates,  delivers  water  to  lands  in 
the  vicinity  of  Traver.  Branch  canals  are  for  the  most  part  located 
across  the  valley  plain  on  lines  of  its  greatest  slope.  They  have  gen- 
erally been  given  positions  on  high  ground  intermi^diate  between  gentle 
depressions,  though  in  some  instances,  as  iu  tbe  case  of  the  Traver 
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branch,  natural  water  courses  have  been  in  large  part  substituted  for 
expensive  canal  work. 

The  inflow  of  water  from  theupper  canal  section  into  tbe  second  section 
of  tbe  main  canal  is  controller!  by  means  of  a  regulator  or  head  gate. 
Above  the  regulator  in  the  west  canal  bank  is  a  spillway  through  which 
surplus  waters  are  dropped  into  Patterson  Slough,  one  of  the  Kings 
Kiver  channels  in  Centerville  Bottoms.  The  regulator  rises  from  a  plank 
floor  constructed  of  two  layers  of  3-inch  planking,  Ihe  dimensions  of 
which  are  100  feet  in  the  direction  across  the  canal  by  30  feet  along  its 
axis.  The  snrface  of  the  floor  is  at  grmle  of  thecanal  bottom.  Along 
its  upper  and  lower  edges  are  two  lines  of  sheet  piling,  not  driven,  but 
constructed  in  trenches,  which  extend  to  a  depth  of  5  feet.  The  txittom 
ends  of  the  sheeting  planks  are  nailed  to  a  horizontal  plank  3  by  12 
inches,  which  adds  to  the  efl'eetiveness  of  the  sheeting.    Trenches  were 
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refilled  with  carefully  selected  material  well  tamped  into  place.  Three 
rows  of  posts,  with  uecessary  brace  timbers,  rise  from  this  floor,  the 
post  rows  being  8  feet  apart.  They  support  a  platform  which  serves 
as  a  bridge.  Between  the  upper  posts  are  the  gates,  twenty  in  all, 
which  slide  vertically  in  grooves  formed  by  spiking  additional  timbers 
to  the  upper  faces  of  the  posts.  Each  gate  has  a  stem  to  which  power 
is  applied  by  means  of  a  lever.  Every  fourth  gate  is  provided  with 
two  vertical  revolving  shutters,  so  connected  with  it  that  when  closed 
they  will  not  interfere  with  the  free  movement  of  the  gate.  These 
shutters  are  intended  to  be  used  when  the  water  pressure  on  the  gates 
is  so  great  as  to  interfere  with  their  being  raised.  The  cost  of  the 
hea<l  gate  was  $3,000.  Lumber  at  the  gate  costs  $28  per  thousand  feet, 
board  measure.    About  G0,000  feet  of  lumber  were  used  in  its  construc- 


Fio.  16.— Head  of  70  Canal. 

tion.  The  check  weirs  in  use  on  this  canal  system  (there  are  nine  on 
the  Traver  branch  within  7J  miles  above  Traver)  are  simple  bat  serv- 
iceable structures.  They  are  of  the  flashboard  type.  Spaces  between 
posts  4  feet  apart,  which  rise  from  a  plank  floor,  are  closed  by  loose 
boards  sliding  in  grooves.  The  cost  of  a  check  weir  across  a  canal  60 
feet  wide  is  reported  to  have  been  $275. 

Occasionally  a  firm  hardpan  layer  that  would  not  yield  readily  to 
blasting  or  plowing  had  to  be  broken  up  into  long,  nan'ow  strips  with 
gads.  A  spur  of  rotten  granite  was  crossed  at  one  point,  and  the  maxi- 
mum cut  through  it  was  28  feet.  Throughout  5  miles  below  the  regu- 
lator large  cobbles — some  1  foot  in  least  diameter — had  to  be  removed 
from  the  material  loosened  by  the  plow  before  scraper  work  could  com- 
mence. The  ground  containing  these  cobbles  was  first  trenched  with 
large  road  plows  drawn  by  12  to  16  mules.  The  plows  were  steadied 
by  means  of  long  saplings  extending  out  on  either  side. 
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Along  the  base  of  Giimpbella  Mountain,  throughout  the  3  or  i  miles 
above  Wuhtoke  Creek,  the  surface  soil  iuto  which  the  caual  was  cut  is 
dry  bog — a  dark-colored,  light  soil,  which  contracts,  cracka,  and  crum- 
bles in  drying.  When  wet  this  soil  is  soft  and  sticky.  This  material 
had  to  be  used  in  many  places  for  the  caiiai  embankment,  which  ofteu 
crossed  depressions, 
and  when  water 
reached  these  it  rap- 
idly permeated  the 
spongy  bank  and 
often  found  vents 
that  led  to  the  speedy 
destruction  of  the 
embankment.  It  cost 
about  $6,000  to  get 
the  water  in  thecaual 
as  far  as  Wahtoke 
Creek. 

The  canal  was  con- 
structed in  1S82. 
This  was  before  the 
enactment  of  tfae  irri- 
gation-district law. 
Its  construction  was 
nudertakea  by  a  pri- 
vate corporation,  on 
a  plan  which  was 
V  ery  satisiUctorily 
carried  out.  As  soon 
as  the  feasibility  of 
making  the  diversion 
of  water  from  the 
river  was  assured, 
about  40,000  acres  of 
land  on  the  phiins  to 
be  commanded  by  the 
canal  were  bought 
for  the  corporation  at 
prices  less  than  $10 
per  acre.  These 
lands  were  offered  for 
sale  as  aoou  as  the 
canal  came  iuto  service,  at  prices  somewhat  in  excess  of  the  added  cost 
of  canal  construction.  It  was  proposed  to  establish  each  year  a  sched- 
ule of  prices  to  be  adhered  to  for  a  year,  but  demand  for  land  was  so 
great  at  the  prices  fixed  during  the  first  few  years  that  the  lands  were 
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repeatedly  withdrawn  from  sale.  The  expenditure  of  less  than  $JOO,00«l 
in  four  years  thus  created  and  increased  values  to  an  estimated  amount 
of  over  $800,000,  not  including  increat^ed  values  of  properties  in  which 
the  canal  company  had  no  direct  interest. 

Before  the  canal  was  sold  to  the  Alta  irrigation  district,  water 
rights  were  issued  to  purchasers  of  all  lands  sold  by  the  canal  com- 
pany and  were  for  sale  to  others  owning  land  in  the  district  com- 
manded. A  water  right  was  defined  as  40  miner's  inches  of  water,  and 
was  located  upon  some  particular  40-acre  tract  of  land,  of  whicb  it 
became  an  appurtenance.  Each  full  water  right  was  made  liable  to  au 
assessment  of  $16  per  year  to  cover  expenses  of  canal  managenient. 
The  price  of  a  water  right  wa6  fixed  at  $200. 

The  Alta  irrigation  district  was  formed  in  1888  and  was  made  to 
include  the  lands  to  be  irrigated  with  the  76  Canal.  It  extends  south- 
erly from  Kings  Kiver  to  and  even  beyond  Cottonwood  Creek  and 
westerly  to  within .  a  mile  of  the  eastern  border  of  the  Kings  Elver 
delta,  and  has  an  area  of  130,000  acres.  Two  years  later  the  district 
purchased  the  canal  and  its  branches,  paying  therefor  $410,000  in 
bonds  of  the  district.  This  covered  the  repayment  to  holders  of  water 
rights  of  the  amounts  which  they  had  paid  for  them. 

The  northern  apex  of  the  Alta  irrigation  district  is  at  the  western 
base  of  Tchoenimne  Mountain,  where  a  second  river  bottom,  10  to  liO 
feet  higher  than  Centerville  Bottoms^  lies  below  the  76  Canal.  From 
the  second  bottom,  which  is  long  and  narrow,  having  an  area  of  nearly 
7,000  acres,  there  is  an  abrupt  rise  of  20  to  35  feet  to  the  upland  or 
main  east-side  San  Joaquin  Valley  plain.  The  surface  of  this  plain 
drops  away  gently  from  the  base  of  the  hills  southwestward  toward  the 
valley  trough.  Its  slope  is  at  first  about  10  feet  to  the  mile,  but  this 
becomes  gradually  less  and  is  only  6  feet  to  the  mile  near  Traver.  The 
only  notable  break  in  the  surface  of  this  portion  of  the  valley  plain  is 
made  by  Wahtoke  Creek,  which,  in  its  southwesterly  course  from  the 
foothills  of  the  Sierra  Nevada,  passes  to  the  east  and  south  of  Camp- 
bells Mountain  and  discharges  into  Kings  lliver  at  the  Narrows.  It 
flows  in  a  wide,  deep  gorge  from  foothill  base  to  the  river. 

Southward  from  W.ahtoke  Creek  are  several  minor  creek  channels, 
which  carry  water  only  in  very  wet  seasons  and  sink  or  spread  before 
reaching  Cross  Creek. 

After  the  purchase  of  the  76  Canal  system,  in  1890,  more  branch 
canals  were  necessary.  These  were  constructed ,  under  the  direction  and 
supervision  of  the  district  engineer,  by  private  parties^,  from  whom  they 
were  then  bought,  payment  being  made  with  irrigation-district  bonds. 
About  150  miles  of  branch  ditches  were  thus  constructed,  at  a  total 
cost  in  bonds  of  $133,000.  The  entire  district  is  now  covered  with 
branch  canals,  which  are  rarely  more  than  2  to  3  miles  apart. 

The  area  of  land  to  whose  surface  water  is  now  actually  applied  is 
estimated  by  the  district  oHicers  at  40,000  acres.    The  distribution  of 
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water  is  in  charge  of  a  canal   superintendent  and  seven  assistants, 
called  "ditch  tenders." 

The  soil  of  this  region  is  for  the  most  part  a  sandy  loam,  with  coarse, 
clayey  sands  near  the  eastern  border  of  the  district,  and  finer,  lighter 
sands  toward  the  west.  Much  alkali  is  in  the  soil  to  the  west  and 
southwest  of  Traver.  Hardpan  subsoils  are  common  at  2  to  5  feet 
below  the  surface.  Ground  water  before  1883  was  at  20  to  GO  feet.  It 
was  nearest  the  surface  in  the  southern  and  western  portions  of  this 
district.  Irrigation  is  causing  the  water  table  to  rise,  particularly  near 
Traver. 

Water  is  usually  available  for  irrigation  from  February  until  the  end 
of  July.  Where  used  on  a  small  scale,  land  is  occasionally  prepared 
for  it  by  subdivision  into  small  rectangular  checks.  This  was  the  pre- 
ferred system  when  water  was  first  introduced  into  the  vicinity  of 
Traver.  Now  the  contour-check  method  of  irrigation  is  finding  more 
favor.  The  reason  for  this  preference  seems  to  be  due,  not  only  to 
reduced  first  cost,  but  also  to  the  fact  that  it  requires  less  cutting  down 
of  surface  soils  than  the  level-check  method  of  irrigation.  The  uncov- 
ered subsoils  are  often  found  to  be  relatively  barren.  Orchards,  vine- 
yards, and  summer  crops  are  quite  generally  being  irrigated  by  the 
furrow  method.  Grain  land,  if  wet  at  all,  is  irrigated  by  spreading 
water  over  the  surface  from  small  ditches  or  furrows,  usually  before 
sowing. 

Morrow  Ditch. — ^This  was  one  of  several  small  private  ditches  south 
of  the  main  channel  of  the  river  which  were  in  use  for  the  irrigation 
of  small  tracts  of  land  in  Genterville  Bottoms.  It  was  constructed 
about  1865. 

Dennis  <fe  Jordan  ditch. — This  is  another  private  ditch,  now  having 
the  appearance  of  a  natural  arm  of  the  river.  Its  course  is  southwest- 
erly from  Patterson  Slough,  from  which  it  takes  water  about  1^  miles 
below  the  regulator  of  the  76  Ganal. 

Kincaid  Ditch. — This  name  is  applied  to  an  eastern  arm  of  Patterson 
Slough,  the  head  of  which  is  about  one-half  mile  below  the  head  of  the 
Dennis  &  Jordan  Ditch.  It  supplies  water  to  the  Dennis  Ditch  and  to 
Finks  Branch. 

Olennand  Barton  ditches. — These  are  two  other  small  private  ditches, 
which  seem  to  have  been  in  use  about  1879  on  lands  of  Genterville 
Bottoms,  but  which  have  probably  been  abandoned. 

Emigrant  Canal. — This  canal  may  be  classed  as  almost  out  of  serv- 
ice. It  was  the  uppermost  of  the  north-side  Kings  Kiver  canals  of 
the  lower  group.  It  took  water  from  the  north  side  of  Cole  Slough 
about  2  miles  below  the  head  of  that  arm  of  Kings  Eiver.  Its  course 
was  southwesterly,  nearly  parallel  with  Cole  Slough,  for  about  3  miles, 
thence  northwesterly  to  and  beyond  Wildtlower.  The  canal  was  con- 
structed by  an  organization  of  farmers  who  wanted  water  for  their 
lands,  and  was  to  be  managed  for  mutual  benefit.    They  formed  a  cor- 


58  IRRIGATION   NEAR   FRESNO,  CALIFORNIA.  [kow. 

poration  late  in  1875,  with  a  capital  stock  of  $20,000,  in  shares  of 
$1,000  each.  All  expenses  of  construction,  maintenance,  and  manage- 
ment were  met  by  assessing  stockholders.  Each  stockholder  was  enti- 
tled to  the  use  of  canal  water  in  proportion  to  amount  of  stock  owned. 
He  was  allowed  to  sell  or  rent  his  water  at  pleasure.  Each  consumer 
of  water  was  required  to  build  his  own  delivery  gate,  subject  to  the 
approval  of  the  directors.  The  distribution  of  water  was  iu  charge  of 
a  canal  superintendent,  which  office  was  annually  let  to  the  lowest 
bidder.  The  canal  had  a  bed  width  of  about  16  feet,  and  delivered  iU 
water  to  a  number  of  branches,  which  covered  about  7,000  acres.  The 
canal  company  became  involved  in  litigation  and  failed  to  maintiiiu 
control  of  its  head  works,  so  that  finally  it  received  water  only  during 
high  stages  of  the  river,  and  generally  for  such  short  periods  of  time 
that  those  dependent  upon  it  soon  found  it  to  their  advantage  to  secure 
additional  water  from  the  Centerville  &  Kingsburg  or  the  Fowler  Switch 
canals. 

Liberty  Canal. — This  is  a  canal  which  was  constructed  about  18^ 
from  the  north  side  of  Murphy  Slough,  its  head  being  about  5  miles 
above  Eiverdale.  After  experiencing  much  trouble  in  obtaining  a  sat- 
isfactory supply  of  water  from  Murphy  Slough,  which  is  the  extension 
of  Gole  Slough,  the  original  head  of  the  canal  was  abandoned  several 
years  ago,  and  it  was  extended  easterly  about  7  miles  to  a  connectiou 
with  a  high- water  escape  way  from  Cole  Slough  known  as  the  Suther- 
land Canal.  The  inflow  into  the  canal  is  controlled  by  a  regulator 
placed  in  the  Sutherland  Oanal  about  one-eighth  mile  from  Gole 
Slough.  The  canal  is  about  15  miles  long,  has  a  westerly  course  for  7 
miles  and  thence  a  northwesterly  course,  is  about  20  feet  wide,  and  its 
branches  cover  about  5,000  acres  to  the  north  of  Eiverdale. 

Millrace  CanaL — Where  Murphy  Slough  leaves  the  grant  known  as 
the  Eancho  Laguna  de  Tache,  about  1^  miles  above  Eiverdale,  two 
gates  or  flashboard  weirs  have  been  built  across  the  two  channels  of 
the  slough.  These  force  its  water  through  a  short  canal  into  another 
natural  channel,  known  as  the  Old  North  Channel,  from  which  it  is 
reclaimed  half  a  mile  below  and  is  carried  westward  and  thence  north- 
ward in  the  Millrace  Canal.  This  canal  is  used  for  the  irrigation  of 
lands  near  Eiverdale  and  westward  thereof.  It  is  essentially  a  high- 
water  canal.  The  canal  proper  is  about  6  miles  long.  It  has  a  hed 
width  of  about  14  feet. 

Beeds  Ditch. — ^One  of  the  old  ditches  on  Kings  Eiver  is  the  Eeeds 
Ditch,  whose  head  is  on  the  north  side  of  Murphy  Slou^,  about  4 
miles  below  Eiverdale.  It  is  a  small  private  ditch,  having  a  course  a 
little  north  of  west.  Its  bed  width  is  about  5  feet;  its  length  about 4 
miles.    It  irrigates  a  few  acres  of  land  near  Elkhorn. 

Lacuna  de  Tache  Canal  {Grant  Canal). — The  *' Eiver  Eanch,''  which 
includes  the  Eancho  Laguna  de  Tache,  has  an  area  of  about  68,000 
acres,  embracing  within  its  boundaries  nearly  all  of  the  delta  lands 
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of  Kings  liiver  northward  from  the  main  stream.  A  main  canal  has 
been  constructed  for  the  irrigation  of  the  greater  part  of  this  raiicho, 
and  this  is  known  either  as  the  Laguna  de  Tache  Canal  or  the  Grant 
Canal.  A  large  portion  of  this  rancho  is  annually  submerged  during 
the  high  stages  of  Kings  Eiver.  The  area  subject  to  such  flooding 
has,  however,  been  considerably  reduced  by  the  construction  of  a 
north-side  river  levee  along  a  portion  of  the  ranch  frontage.  There 
are  a  number  of  north-side  delta  channels  which  break  out  from  the 
main  stream  within  this  rancho,  most  of  which  have  westerly  courses 
toward  the  valley  trough.  The  history  of  these,  as  related  by  local 
residents,  is  not  without  interest.  The  present  head  of  Cole  Slough  is 
a  water  way  made  by  the  freshets  of  1861-G2.  It  was  enlarged  and 
deepened  by  subsequent  high  waters.  Cole  Slough  is  the  principal 
north-side  delta  channel.  Its  waters  are  carried  westward  by  the 
several  branches  of  Murphy  Slough,  and  finally  reach  the  upper  por- 
tion of  Fresno  Swamp,  through  which  they  are  carried  in  a  network  of 
channels,  as  frequently  found  in  tule  swamps,  to  Fresno  Slough  and 
San  Joaquin  Biver,  many  miles  northwestward. 

Before  1862  Cole  Slough  received  water  from  the  river  through  a 
channel  known  as  the  Arroyo  de  Hotansas,  the  head  of  which  was 
about  a  quarter  of  a  mile  below  the  present  head  of  the  slough.  This 
channel  was  about  3  miles  long. 

Until  1S69  Cole  Slough  occupied  a  channel  which  at  a  point  about 
3  miles  in  a  direct  line  above  Kingston  was  less  than  a  quarter  of  a 
mile  from  Kings  Biver,  but  in  that  year  Mr.  St.  John,  one  of  the  owners 
of  the  rancho,  made  a  small  ditch  westward  from  the  north  slough 
bank  about  6  miles  below  its  head.  This  ditch  was  enlarged- by  the 
next  high  water;  it  lost  the  appearance  of  a  ditch,  and  is  now  called 
St.  Johns  Channel  or  Kew  Cole  Slough.  It  reunites  3  miles  below  its 
head  with  the  original  slough  channel  at  a  point  also  known  as  the 
head  of  Murphy  Slough. 

A  small  ditch,  constructed  in  1868  by  a  settler  known  as  Dutch  John, 
connecting  Kings  Biver  with  Cole  Slough  at  the  point  where  the  two 
channels  were  nearest  together,  had  meanwhile  also  been  converted 
into  a  capacious  water  course  and  has  since  been  known  as  the  Dutch 
John  Cut.  In  the  same  winter,  1868-69,  the  river  broke  through  the 
barrier  separating  it  from  Murphy  Slough  at  a  point  about  3  miles  (by 
river)  below  the  Dutch  John  Cut  and  formed  Beyuolds  Slough,  which 
is  about  one-half  mile  long. 

The  Grant  Canal  was  constructed  in  1873.  Water  was  diverted  for 
it  from  Murphy  Slough,  near  Beynolds  Slough,  which  latter  was 
permanently  closed  by  means  of  a  dam.  Two  years  later,  by  per- 
mission of  the  owners  of  the  Grant,  a  new  connection  between  Cole 
Slough,  half  a  mile  above  the  head  of  Grant  Canal,  and  Murphy 
Slough,  nearly  the  same  distance  below  the  canal,  was  made  by  set- 
tlers who  were  desirous  of  increasing  the  flow  of  water  in  the  channels 


60  IRRIGATION   NEAR    FRESNO,  CALIFORNIA.  (to  li 

reaching  the  vicinity  of  Elkhorn.  Its  projectors  sabseqaenlly  filed  a 
claim  to  water  and  incorporated  under  the  name  of  the  ^'ande^bilt 
Canal  Company.  Settlers  in  the  vicinity  of  Biverdale  and  Elkhorn 
claim  that  the  original  cut  was  entirely  artificial,  while  owners  of  tlie 
Grant  Canal  claim  that  the  cut  is  merely  the  result  of  cleaning  out  the 
head  of  a  natural  water  course.  After  the  Yanderbilt  Cut  had  become 
one  of  the  channels  for  Cole  Slough  water,  the  Grant  Canal  was  extended 
upstream  across  Murphy  Slough  to  the  Yanderbilt  Cut,  from  which  it 
has  ever  since  taken  its  water.  The  turning  of  the  flow  of  Cole  Slough 
into  the  Yanderbilt  Cut  is  accomplished  by  means  of  a  dam  of  earth 
across  the  old  south  channel.  From  the  cut  water  is  turned  into  the 
head  of  the  canal  by  means  of  a  second  earth  dam,  and,  flowing  in  the 
canal,  it  crosses  Murphy  Slough  between  two  dams,  of  which  the  lower 
or  westerly  one  is  an  overfall  dam  of  brush  work,  serving  as  an  escape 
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way  for  surplus  waters  and  feeding  the  lower  sections  of  Muqihy 
Slough. 

The  Laguna  de  Tache  Canal  has  a  westerly  course  along  the  northern 
bank  of  the  main  channel  of  Kings  liiver,  from  which  it  is  geneniliy 
less  than  one- half  mile  distant.  At  5^  miles  below  its  head  it  crosses 
a  water  course  known  as  the  James  Canal,  on  an  earthen  dam,  and  its 
direction  becomes  southerly.  It  reaches  the  river  bank  within  a  mile 
and  closely  follows  it  southerly  for  about  a  mile  farther  on  its  course, 
crossing  and  closing  the  head  of  another  delta  channel  of  Kings 
Eiver  known  as  Old  North  Fork. 

The  upper  section  of  the  main  canal  for  a  distance  of  about  4  miles 
from  its  head  has  a  bed  width  of  about  30  feet  and  carries  water  2  to 
2^  feet  deep.  The  distributaries  from  the  main  canal  are  for  the  most 
part  natural  channels,  many  of  which  have  long  ago  ceased  to  serve  as 
delta  channels  and  are  mere  swales  on  the  tops  of  low  ridges.  The 
James  Canal  is  a  channel  of  more  recent  formation,  which  has  been 
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utilized  as  a  distributing  ditch.  By  permission  of  the  owners  of  the 
Grant  a  gate  for  the  control  of  its  flow  was  put  into  this  channel  in 

1880.  It  was  washed  out  by  the  next  freshets  and  was  replaced  in. 

1881,  but  was  again  destroyed.  Thereupon  the  owners  of  the  Grant 
permanently  closed  this  channel  with  the  embankment  of  earth  on 
which  the  canal  is  carried  across. 

The  head  of  Old  North  Fork,  which  is  another  distributary  of  canal 
water,  was  closed  as  early  as  1865  by  Messrs.  Sutherland  and  Mann. 
One  of  tlie  most  important  of  the  lower-river  north-side  delta  channels 
is  the  Zalda  Canal,  which,  throughout  its  lower  sections,  is  generally 
known  as  tbe  North  Fork  of  Kings  Kiver.  It  is  claimed  that  the  head 
of  this  channel  is  the  enlargement  by  flood  waters  of  a  ditch  con- 
structed in  1872  by  settlers  living  to  the  west  of  the  Grant.  This 
channel  was  reported  closed  for  a  time  by  a  dam  at  the  river  about 
1885.  It  was  at  that  time  proposed  to  utilize  this  channel  as  one  of 
the  distributaries  of  water  from  the  Grant  Canal.  The  course  of  North 
Fork  is  westward  in  a  very  direct  line  toward  Summit  Lake,  but  before 
the  lake  is  reached  its  main  channel  swerves  northward  into  Fresno 
Swamp.  The  portion  of  the  Kings  River  delta  between  the  main  river 
on  the  south  and  the  Zalda  Canal  on  the  north  marks  the  very  flat 
summit  between  Tulare  Lake  and  Fresno  Swamp.  In  the  trough  of 
the  valley  near  and  to  the  south  of  Summit  Lake  the  general  elevation 
of  the  ground's  surface  on  this  summit,  the  lowest  point  on  the  border 
of  Tulare  Lake,  is  about  211  feet  above  mean  sea  level.  During  the 
last  high  stage  of  the  lake,  in  1868,-  the  depth  of  water  over  the 
general  surface  of  the  country  at  this  point  was  about  6  feet. 

The  lands  of  the  Eancho  Laguna  de  Tache  have  always  been  so  well 
watered  that  the  irrigation  works  which  have  been  constructed  maybe 
regarded  as  serving  primarily  to  establish  a  convenient  control  of  the 
water  rather  than  as  works  intended  to  increase  the  supply.  To  pre- 
vent excessive  natural  inundation  it  has  been  found  necessary  to  erect 
embankments  along  the  river,  also  to  construct  numerous  drain  ditches 
from  low  tracts  into  natural  channels  to  facilitate  drainage.  The  main 
irrigation  canal  supplies  water  to  a  large  number  of  distributaries,  fre- 
quently natural  channels,  and  these  in  turn  to  small  irrigating  ditches, 
usually  200  to  450  yards  apart.  As  the  entire  irrigation  system  lies 
within  the  limits  of  the  rancho  there  has  been  less  study  of  methods  of 
controlling  and  distributing  water  than  would  have  been  the  case  if  a 
large  number  of  consumers  had  to  be  supplied,  and  water  measure- 
ment has  been  entirely  out  of  the  question. 

The  Eancho  Laguna  de  Tache  has  within  the  last  few  years  become 
the  property  of  the  same  parties  who  control  the  Fresno  Canal.  The 
future  of  both  properties  was  kept  in  mind  when  the  owners  of  the  Grant 
sold  Kings  Kiver  water  to  the  Sunset  irrigation  district,  to  be  diverted 
by  way  of  Cole  Slough  into  the  enlarged  Grant  Canal,  thence  across  the 
Zalda  Canal  (North  Fork)  to  a  proi)osed  reservoir  near  Summit  Lake. 
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Accord  ill  g  to  the  terms  of  this  agreement  the  district  is  given  a  right 
of  way  and  a  reservoir  site,  and  water  is  sold  to  it  to  the  extent  of 
3,500  second-feet,  subject  to  the  prior  rights  of  the  owners  of  the 
rancho  and  of  the  Fresno  Canal  to  the  extent  of  3,000  second-feet,  and 
subject  also  to  the  proviso  that,  for  use  on  the  ranch,  500  second-feet 
may  be  taken  out  of  the  main  canal  of  the  district.  The  price  paid  by 
the  irrigation  district  was  $250,000  in  district  bonds,  and  the  aggre- 
gate amount  of  land  in  reservoir  sites  and  right  of  way  for  the  canal 
was  not  to  exceed  2,200  acres. 

Crescent  Canal. — This  canal  was  constructed  in  1885  and  1886,  and 
came  into  use  in  1887  for  the  irrigation  of  lands  on  the  western  edge  of 
the  extreme  southern  portion  of  Fresno  Swamp.  The  bead  of  the  canal 
is  on  the  south  side  of  North  Fork,  about  a  mile  to  the  north  of  Summit 
Lake.  The  canal,  which  is  about  8  miles  long,  has  a  westerly  course 
for  about  1^  miles,  thence  northwesterly,  following  a  grade  line  with  a 
fall  of  6  inches  to  the  mile.  It  was  originally  made  50  feet  wide  near 
its  head;  it  was  25  feet  wide  several  miles  below,  and  50  feet  wide  in 
its  lower  sections.  The  narrow  section  was  cut  to  the  full  width  in 
1892.  It  was  planned  to  carry  water  3  feet  deep.  A  regulator  is 
maintained  in  the  head  of  the  canal.  This  is  a  simple  structnra 
Twelve  light  gates  of  1  inch  boards  close  the  4-foot  openings  between 
vertical  posts  which  rise  from  a  plank  floor.  The  total  width  of  the 
regulator  between  side  walls  is  50  feet.  Its  height  is  about  G  feet  It 
is  weighted  on  top  with  a  filling  of  earth.  The  canal  supplies  water  to 
several  thousand  acres  of  land, -most  of  which  lies  within  the  limit  of 
overflow. 

The  canal  is  owned  by  an  incorporated  company^  whose  capital  stock 
was  fixed  at  $75,000,  in  150  shares.  The  cost  of  the  canal  works  bas 
been  about  $5,000.  The  canal  was  constructed  for  the  supply  of  water 
to  lands  owned  by  its  stockholders  and  not  for  the  sale  of  water.  Eacb 
irrigator  is  required  to  own  one  share  of  stock  for  each  quarter  section 
of  land  (160  acres)  which  he  wishes  to  irrigate.  AH  distributing 
ditches  are  constructed  by  the  irrigators,  who  take  water  from  the 
main  canal  at  the  most  convenient  points. 

Peoples  Ditch. — This  is  a  canal  of  the  lower  group  whose  head  is  on 
the  south  side  of  Kings  River,  about  one-half  mile  above  the  head  of 
Cole  Slough.  Kings  River  at  this  point  flows  in  a  broad,  sandy  bed  to 
which  there  is  a  steep  descent  of  about  15  feet  from  the  level  of  the 
main  valley  plain  on  the  south.  The  canal  follows  the  margin  of  this 
plain  for  some  distance  southwesterly  as  it  recedes  from  the  river,  awl 
is  gradually  brought  out  upon  the  surface  of  the  plain  about  3  miles 
below  its  head.  At  about  4  miles  below  its  head  the  distributioD  of 
its  water  to  its  branches  commences.  The  diversion  of  water  from  the 
river  is  effected  at  low  stages  by  means  of  a  dam  of  brush  and  «awl 
which  is  annually  repaired  or  renewed  at  considerable  expense.  UDtil 
within  the  last  few  years  the  inflow  into  the  canal  was  controllHl  hy 
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two  regulators,  one  of  which  was  within  a  quiirler  of  a  mile  of  the 
river  bank,  the  other  about  2  milea  below.  These  were  21  feet  in  width 
and  were  of  the  ordinary  culvert  type  with  ycrlically  sliding  gates. 

There  is  a  new  regulating  gate  now  in  service  within  several  hundred 
yards  of  the  head  of  the  canal.  This  is  a  massive,  well-built  structure, 
38  feet  wide  between  side  walls,  which  eupports  au  earth  fill  about  2 
feet  thick,  serving  as  a  roadway  over  the  canal.  The  space  between 
side  walla  is  subdivided  by  10-by-lO-inch  posts  into  ten  bays  or  open- 
"ings,  each  of  which  is  closed  by  means  of  a  vertically  sliding  gat«. 
Power  is  applied  to  the  gate  stems  by  means  of  a  lever,  the  end  of 
which  engages  between  the  teeth  of  a  rack. 

The  canal  has  a  fall  of  only  about  one- half  foot  in  the  first  2  miles  of 
ite  course.  The  effective  fall  is  increased  somewliat  by  keeping  the 
brush  dam  at  a  good  height.  The  canal  as  originally  constructed  was 
24  feet  wide  on  the  bottom,  and  was  intended  to  carry  4  feet  of  water. 
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Its  estimated  capacity  was  about  220  second-feet.  Below  the  second 
regalating  f^ate  the  width  of  the  canal  increases  to  30  feet,  and  the 
depth  of  water  to  be  carried  is  only  3  feet.  These  dimensions  are 
maintained  for  about  4  miles,  still  in  a  southwesterly  direction  and 
extending  well  into  the  northeastern  extremity  of  that  portion  of  the 
Kings  Biver  delta  usually  referred  to  as  the  Unssel  Slough  country. 
The  canal  has  three  principal  branches:  West  Pork,  which  terminates 
near  GrauReville;  Middle  Fork,  which  passes  just  to  the  westward  of 
Hanford;  and  East  Fork,  which  passes  through  the  southern  portion 
of  Hauford  and  extends  to  points  4  miles  farther  south.  The  aggre- 
gate length  nf  the  main  canal  and  its  principal  branches  is  about  37 
miles.  This  canal  was  constructed  by  the  Peoples  Ditch  Company  in 
1ST3  and  the  following  years.  The  first  notice  of  a  claim  to  water  was 
posted  late  iu  1872.  The  company,  formed  by  settlers  who  wanted 
water  for  their  own  lands,  was  flnallyincorporated  in  1873.  Itscapitnl 
stock,  originally  fixed  at  $10,000,  was  soon  increased  to  $35,000,  and 
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later  to  $100,000.  The  first  cost  of  the  canal  was  aboat  $50,000  to 
800,000.  The  total  cost  of  canal  constraction  and  annual  expense 
aeconnt  had  reached  $120,000  in  1881.  About  $4,000  to  $6,000  are 
annually  expended  on  the  dam.  The  total  annual  expenditure  for 
management,  raainteiiaiice,  and  repairs  is  about  $10,000. 

Of  the  100  shares  into  which  the  company's  capital  stock  is  divided 
about  one-third  have  reverted  to  the  corporation.  The  remaining 
shares  are  in  the  hands  of  irrigators,  to  whom  water  is  delivered  in 
amounts  proportional  to  their  holdings  of  stock.  The  stockholders  are 
permitted  to  sell  the  water  to  which  they  are  entitled  and  to  ask  for  its 
delivery  through  any  of  the  canal  branches.  Its  use  is  not  restricted 
to  any  particular  tract  of  land.  The  delivery  of  water  to  irrigators  is 
usually  through  gates  1  to  4  feet  wide.  It  is  discharged  under  pres- 
sure, the  endeavor  being  to  make  amounts  delivered  proportional  to 
stock  which  it  represents,  without  any  attempt  at  actual  measurement 
A  canal  superintendent,  with  necessary  assistants,  has  charge  of  the 
delivery  of  water.  Its  equitable  distribution  depends  largely  on  the 
judgment  of  the  canal  superintendent. 

During  the  years  1883  and  1884  the  experiment  was  tried  of  selling 
water  to  stockholders  at  $200  per  share  of  stock  per  year;  to  those  not 
holding  stock  an  equivalent  amount  at  $300  x>er  year;  but  it  did  not 
prove  satisfactory.  All  stockholders  are  assessed  to  meet  the  animal 
expenses.  The  area  of  land  actually  irrigated  or  benefited  by  the 
water  of  this  canal  is  about  25,000  acres. 

Mussel  Slough  Ditch, — This  canal,  which  is  now  out  of  service,  took 
its  name  from  one  of  the  delta  channels  of  Kings  Hiver  which  has  been 
utilized  for  the  distribution  of  water.  The  canal,  unlike  the  other 
canals  of  the  Kings  Eiver  delta,  was  constructed  for  speculative  pur- 
poses. It  was  proposed  to  turn  a  large  volume  of  water  from  the 
river  into  the  slough  and  to  derive  a  revenue  from  its  sale  to  irrigators. 
The  head  of  the  canal  was  on  the  south  side  of  Kings  Biver,  about  7 
miles  below  the  head  of  the  Peoples  Ditch.  A  narrow  cut,  the  original 
bed  width  of  which  was  about  10  feet,  was  made  from  that  point  south- 
erly into  and  thence  southwesterly  along  the  upper  portion  of  the 
channel  of  Mussel  Slough.  The  bottom  of  this  cut  throughout  a  little 
more  than  a  mile  from  its  head  was  made  level,  being  at  an  elevation  a 
little  below  that  of  the  river  bed  at  the  head  of  the  canal.  The  upper 
portion  of  this  cut,  near  the  river,  is  over  14  feet  in  depth.  As  the 
canal  leaves  the  river  it  grows  wider,  and  at  about  3  miles  from  its 
head  the  natural  channel  of  Mussel  Slough  afibrded  ample  capacity  for 
its  waters. 

Mussel  Slough  and  its  principal  branches.  Sand  Slough  and  Lone 
Oak  Sloiigl),  have  a  general  southwesterly  course  through  the  delta 
lands,  passing  to  the  west  of  Ilandford  and  extending  to  the  high  water 
line  (if  Tnhin*  Lake. 

To  what  extent  the  <;}inal  lias  been  in  use  in  the  last  few  years  is  not 
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known.  It  is  now  ont  of  service,  and  was  not  in  use  for  three  years 
preceding  1886.  Its  head  was  closed  with  an  embankment  of  earth  in 
1884,  because  at  that  time  the  river  threatened  to  destroy  the  canal 
he^  gate  and  cause  inundation  of  the  upper  and  central  portions  of 
the  delta. 

The  canal  head  gate  or  regulator  was  placed  in  the  deepest  portion 
of  the  cut,  near  the  bank  of  the  river.  It  was  made  24  feet  wide,  the 
space  between  its  walls  being  divided  into  a  number  of  openings  by 
vertical  posts,  between  which  gates  slid  vertically.  The  structure 
had  the  usual  upper  platform  loaded  with  earth,  making  a  roadway  20 
feet  wide.  Its  floor  length  was  40  feet.  Sheet  piling  8  feet  deep  was 
used  on  the  upper  floor  line  and  for  12  feet  under  each  wing;  sheet 
piling  was  also  driven  6  feet  deep  across  the  canal,  on  the  middle  line 
of  the  floor  and  at  its  lower  edge. 

Throughout  the  length  of  the  natural  channels  utilized  for  the  water 
of  the  Mussel  Slough  Ditch,  check  weirs  or  gates  were  constructed  with 
which  to  hold  the  water  surface  at  or  above  the  surface  of  the  ground. 
Irrigation  was  to  be  accomplished  by  snbirrigation  on  a  large  scale. 
The  charge  for  water  ranged  from  31^  to  62^  cents  per  acre  per  year. 
There  was  little  or  no  restriction  as  to  the  amount  of  water  to  be  used 
by  individual  takers  of  water,  and  the  principal  duty  of  the  canal 
superintendent  seems  to  have  been  to  prevent  those  from  taking  water 
who  had  no  intention  of  paying  for  it. 

The  total  cost  of  the  canal  works  connected  therewith  was  about 
$50,000  to  $60,000. 

This  canal  was  constructed  in  1875.  Its  promoters  formed  a  corpora- 
tion with  a  capital  stock  fixed  at  $500,000,  divided  into  10,000  shares, 
all  of  which  remained  in  the  hands  of  a  few  persons.  The  canal 
capacity  was  about  200  to  300  second-feet. 

Last  Chance  Ditch. — One  of  the  most  important  of  the  Kings  Eive^ 
delta  canals  is  the  Last  Chance  Ditch,  whose  head  is  on  the  south  side 
of  the  river  about  2^  miles  by  river  above  Kingston.  The  course  of 
the  canal  and  its  branches  is  southerly.  It  commands  a  district  3 
to  4  miles  wide,  extending  from  near  the  river  southerly  to  near  the 
high-water  line  of  Tulare  Lake.  Grangeville  lies  at  the  eastern  border 
of  this  district  and  Armona  well  within  it.  Lands  along  its  eastern 
border  are  commanded  jointly  by  this  canal  and  the  Peoples  Ditch.  A 
natural  cut  through  the  south  bank  of  the  river,  known  as  Leinberger 
Slough,  has  been  utilized  for  the  head  of  the  canal.  This  slough  is 
really  one  of  the  lower  delta  channels  of  the  river.  The  canal  is  cut 
from  its  south  bank  about  150  feet  from  the  river.  Tbe  canal  regulator 
is  about  800  feet  below  its  Lead.  The  water  entering  the  head  of  tbe 
slough  is  divided,  a  portion  flowing  down  the  natural  channel,  tbe  rest 
entering  the  head  of  the  Last  Chance  Ditch.  Tbe  canal  has  a  bed 
width  of  25  feet,  and  was  designed  for  a  4-foot  depth  of  water.  Its 
course  is  a  little  west  of  south  for  7  miles  to  a  i)oint  half  a  mile  west  of 
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Qrangeville,  where  it  ie  divided  iato  two  principal  brancbes.  One 
of  these  han  a  southwesterly  conrae  and  at  the  end  of  .1  mUes  drops  its 
water  into  a  natural  channel  which  has  a  southerly  coarse  aud  conneets 
with  Mussel  Slough.  The  other  branch  within  a  mile  is  again  divided, 
forming  a  middle  and  an  eastern  braach,  both  of  which  extend  far 
toward  the  south.  These  main  branches  were  all  nitide  10  feet  nide  on 
the  bottom  and  were  planned  to  carry  water  2^  feet  deep.  ThegradieDt 
of  the  eana]  is  aboat  1  foot  to  the  mile. 

The  original  oaual  regalator,  which  was  in  service  fVom  1874  to  1880, 
was  made  IS  feet  wide  between  aide  walla  and  is  reported  to  have 
cost  t5,600.  It  was  replaced  by  a  second  one,  20  feet  wide,  at  a  cost  of 
t3,000.  The  removal  of  sand  from  the  canals,  which  had  been  swept 
in  by  high  waters  during  the  period  when  there  was  no  gate  at  the 
head  of  the  canal,  is  said  to  have  cost  $3,000,    The  regulator  is  of  the 


ordinary  box  type.  From  a  floor  30  feet  wide  and  36  feet  long  (in 
the  direction  of  the  canal)  side  walls  rise  to  a  height  of  14  feet. 
Between  them  are  posts  which  support  a  platform  or  britlge  that  affords 
convenient  access  to  the  gates.  The  gateposts  divide  the  spaoe  between 
side  walls  into  six  openings,  each  of  which  is  closed  with  plankiii([ 
permanently  fi-om  the  top  down  to  about  5  feet  from  the  floor.  The 
remaining  open  space  is  controlled  by  sliding  gates  having  n  long  stem 
or  standaid  to  which  power  is  applied  by  means  of  a  lever  engaging  in 
the  teeth  of  a  rack.  The  gateposts  are  braced  from  belo^.  Long 
wings  extend  diagonally  into  the  canal  hanks  above  and  belnw  the 
gate.  Tbe  upper  ones  are  14  feet  high ;  the  lower  ones  about  4  feet 
Tongued  and  grooved  4-iiich  sheet  piling  was  driven  10  feet  deep  along 
the  upiier  edge  of  the  floor  and  under  the  upper  wings.  Along  both 
sides  of  the  floor,  across  the  oaual  at  its  lower  end  and  well  out  under 
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the  lower  wings,  3-mch  tongned  and  gi'ooved  sheet  piling  was  driven  8 
feet  deep.  Piles  were  driven  to  a  depth  of  12  feet  under  the  braces  to 
gateposts.  JB'loor  sills,  piles,  and  main  posts  were  8  by  8  inches;  side 
wall  posts,  4  by  8  inches.  The  floor  is  of  3-inch  planking,  covered  by 
1-inch  boards.  Side  walls  are  of  24nch  material,  also  covered  with 
1-inch  boards.  Back  filling  was  selected  sand.  The  bed  of  the  canal 
below'the  gate  was  protected  by  a  layer  of  brash,  pinned  down  with 
stakes  6  to  8  feet  long. 

The  Last  Ohance  Ditch  was  constructed  in  1873  and  1874  by  a  com- 
pany known  as  the  Last  Chance  Water  Ditch  Company,  which  was 
organized  and  incorporated  by  the  farmers  to  whose  lands  it  was  to 
supply  water.  The  original  30  shares  into  which  a  capital  stock  of 
$30,000  was  divided  were  a  few  years  later  increased  to  60  shares,  and 
the  capital  stock  was  also  doubled.  Only  about  two-thirds  of  these 
shares  are  in  the  hands  of  stockholders.  Until  1886  all  operating  and 
repair  expenses,  about  $4,000  per  year,  were  assessed  upon  the  stock- 
holders, and  water  was  delivered  to  these  without  charge  in  proportion 
to  amount  of  stock  owned  or  controlled.  Since  that  time  water  has 
been  charged  for  at  rates  fixed  annually,  generally  $1.50  per  acre,  in 
order  to  make  actual  users  of  water  bear  an  increased  portion  of  the 
canal  expenses. 

There  has  been  no  system  of  water  measurement  introduced.  Water 
is  delivered  to  irrigators  through  a  great  variety  of  gates;  generally, 
however,  through  openings  under  pressure.  A  canal  superintendent 
and  an  assistant  have  charge  of  its  distribution.  During  the  high- 
water  x>enod  an  attendant  is  kept  constantly  at  the  head  gate.  The 
canal  ordinarily  flows  from  the  beginning  of  February  to  the  end  of 
July.    About  20,000  acres  of  land  are  dependent  upon  it  for  water. 

Lower  Kings  River  Canal. — This  is  another  south-side  canal  in  the 
Kings  Eiver  delta.  Its  head  is  about  6  miles  below  Kingston.  Its 
course  is  southerly,  and  the  district  it  commands  lies  just  westward  of 
that  of  Last  Ohance  Ditch  and  has  Lemoore  in  its  center.  The  canal 
is  cut  southerly  from  the  river,  and  at  the  end  of  its  first  mile  reaches 
Leinberger  Slough,  into  which  its  water  is  dropped.  It  is  reclaimed 
from  this  slough  less  than  half  a  mile  below  that  point,  and  thence  has 
a  southerly  course  to  within  about  3  miles  of  Lemoore.  Two  principal 
branches,  each  about  16  feet  wide  on  the  bottom,  extend  toward  the 
south  from  this  point.  Near  the  river  the  main  canal  crosses  high- water 
sloughs  fed  by  the  over-bank  flow  from  Kings  Biver.  These  natural 
channels  have  been  closed  by  dams  on  the  lower  or  west  side  of  the 
canal.  Their  water,  together  with  other  water  escaping  from  Kings 
Biver  above  the  head  of  this  canal,  is  received  by  the  canal  and  carried 
to  Leinberger  Slough.  At  the  point  where  the  canal  leaves  this  slough 
a  waste  way  260  feet  long  is  maintained,  through  which  surplus  waters 
are  discharged.  This  is  a  very  light  timber  structure,  which  is  reported 
to  have  rendered  good  service.    Some  years  ago  it  was  proposed  to 


68 


IRRIGATION   NEAR   FRESNO,  CALIFORNIA. 


(sali 


Bnpplemeut  it  with  a  second  waste  gate,  200  feet  lon^,  nearer  the  head 
of  the  canal.  The  main  canal  regulator  or  head  gate  has  been  set  close 
to  the  river  bank.  A  secondary  regulating  gate  is  just  belgw  the  Lein- 
berger  Slough  waste  gate.  Each  gate  is  about  40  feet  wide  between 
side  walls.  The  head  gate  is  arranged  similarly  to  that  deacribed  for 
the  Last  Ohance  Ditch.  The  main  canal  is  about  40  feet  wide.  It  was 
built  on  a  very  light  grade.  The  bottom  of  the  canal,  commencing  at 
the  same  elevation  as  the  river  bottom,  was  reported  level  throughout 
the  first  5  miles  of  its  course.  The  effective  gradient  slope  of  water 
surface  when  full  is  reported  at  4  inches  to  the  mile,  with  a  2^foot  depth 

at  the  forks  of  the  canaL 
Work  on  this  canal  com- 
menced in  1870.  Twenty- 
seven  persons  joined  in  an 
agreement  under  which  the 
canal  was  to  be  constructed, 
and  which  provided  that 
each  person  was  to  bear  a 
proportional  part  of  "all  ex- 
penses above"  his  "further 
boundary."  It  was  at  first 
made  18  feet  wide  on  the 
bottom  near  its  head,  and  10 
feet  wide  at  5  miles  below 
its  head.  It  was  enlarged  in 
1873.  The  first  head  gate 
was  constructed  in  1872  and 
is  reported  to  have  had  a 
width  of  18  feet.  It  was 
washed  out  the  following 
winter  and  was  at  once  re- 
placed by  another,  which 
was  in  use  till  1876.  After 
this  second  regulating  gate 
was  swept  away  the  canal 
was  operated  without  an  upper  gate  until  1879,  when  the  third  regu- 
lator, 40  feet  wide,  was  built,  at  a  cost  of  about  $3,000. 

The  canal  was  built  and  is  owned  by  those  to  whom  it  supplies  water. 
Its  owners,  who  had  organized  as  a  company,  formed  a  corporation  in 
1873,  with  a  capital  stock  fixed  at  $30,0«»0,  in  100  shares. 

The  water  in  the  canal  is  supposed  to  be  represented  by  those  shares 
of  stock  which  have  been  issued,  which  is  a  little  more  than  one  half 
of  the  full  number  of  shares  of  capital  stock.  It  is  sold  by  directors  of 
the  company,  but  only  to  the  extent  of  the  shares  which  have  been 
issued.  Each  of  these  represents  a  proportional  part  of  the  flow  of  the 
canal  until  such  part  exceeds  144  miner's  inches.     Water  in  excess  of 
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this  amouDt  is  at  the  farther  disposal  of  the  company.  Stockholders 
are  preferred  purchasers  of  water  to  tbe  extent  of  the  shares  owned  by 
each,  and  provided  the  application  for  water  is  made  preceding  a  fixed 
date.  Each  share  of  stock  is  supposed  to  represent  sufficient  water  for 
320  acres.  The  annual  cost  of  canal  management  and  repairs  is  about 
$1,500  to  $2,000.  The  first  qost  of  the  canal  was  about  $30,000.  For 
a,  number  of  years  alter  organization  all  expenses  were  assessed  upon 
the  stockholders,  but,  this  proving  unsatisfactory,  the  plan  of  selling 
water  was  introduced,  with  good  result.  The  extent  of  irrigation  from 
this  canal  may  be  noted  at  about  10,000  acres. 

Rhoads  Canal. — Lands  to  the  west  of  Lemoore  to  the  extent  of  3,000 
or  4,000  acres  are  dependent  in  large  measure  upon  the  flow  of  the 
Ehoads  Canal  for  irrigation  water.  This  canal  in  its  upper  section  has 
the  appearance  of  a  natural  high- water  channel.  From  a  point  on  the 
south  side  of  Kings  Biver  about  1^  miles  below  the  head  of  the  Lower 
Kings  Biver  Oanal,  this  channel  has  a  southwesterly  course  for  2  miles 
to  Carother  Slough.  It  is  known  as  Wrights  Cut,  and  is  claimed  to  be 
the  enlargement  of  a  small  ditch  constructed  many  years  ago.  The 
Bhoads  Canal  is  carried  southward  from  the  termination  of  this  cut  at 
Carother  Slough  about  7  miles.  It  has  a  bottom  width  of  about  16 
feet  and  carries  water  about  2  feet  deep.  Water  is  taken  from  Carother 
Slough  so  long  as  the  slough  has  a  sufficient  flow;  thereafter  a  little 
work  is  done  at  the  head  of  Wrights  Cut  to  turn  more  water  from  the 
river  into  the  canal. 

The  canal  is  reported  to  have  been  in  use  since  1868.  It  replaced  a 
small  ditch,  about  5  feet  wide,  which  had  been  in  use  some  years  before. 
The  canal  belongs  to  a  number  of  farmers,  who  by  mutual  agreement 
apportion  its  water  and  expense  of  maintenance  among  themselves. 
There  is  no  regulator  at  the  head  of  the  canal.  Water  is  taken  by 
each  irrigator  as  he  may  require  it.  No  water  is  sold,  and  all  contribu- 
tions toward  expenses  of  maintenance  are  voluntary,  as  there  are  no 
means  of  enforcing  their  payment. 

There  are  times  when  much  more  water  flows  in  Wrights  Cut  than 
can  be  carried  by  the  lower  sections  of  the  canal.  The  surplus  reaches 
Green  Slough  through  Carother  Slough,  thence  Esrey  Slough  and 
other  natural  channels,  and  is  finally  reclaimed  for  the  irrigation  of 
lands  about  4  miles  southwest  of  Lemoore. 

Jacobs  Canal, — ^This  is  a  private  high- water  canal,  constructed  about 
ten  years  ago  for  the  benefit  of  lands  along  the  northern  margin  of 
Tulare  Lake,  below  the  lake's  high- water  line.  Its  head  is  about  6 
miles  southwest  of  Lemoore. 

SUNSET  IRRIGATION  DISTRICT. 

As  the  construction  of  the  works  for  this  district  has  not  commenced,  ^ 
a  brief  reference  to  the  district  and  its  proposed  source  of  supply  will 
suffice.    The  district  covers  the  lowest  portion  of  the  west  side  plain 
of  San  Joaquin  Valley,  extending  northward  from  the  southern  limit 
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of  Talare  Lake  aboat  70  miles,  to  within  3  miles  of  lias  Jontas,  the 
point  where  Fresno  Sloagh  anites  with  San  Joaqain  River.  Its  width 
ranges  from  1  to  12  miles  and  its  area  is  aboot  363,500  acres.  The  dis 
trict  organization  was  completed  in  March,  1891.  After  estimates  of 
the  cost  of  work«  necessary  for  its  irrigation  were  made,  a  bond  issue 
of  $2,000,000  was  voted.  Of  this  bond  issne  $250,000  were  paid  for 
water  rights,  reservoir  site,  and  rights  of  way. 

The  plan  of  irrigation  involves  the  constraction  of  a  large  reservoir 
in  the  vicinity  of  Sammit  Lake,  which  is  to  be  formed  by  the  constrae- 
tion  of  two  embankments  of  earth,  each  crossing  the  valley  trough 
from  east  to  west.  Water  is  to  be  supplied  to  this  reservoir  from 
Kings  Biver  by  way  of  Oole  Slough,  the  enlarged  Grant  Canal  (which 
is  to  be  used  in  common  with  the  owners  of  the  Grant),  and  a  canal 
extension  to  be  carried  from  near  the  lower  end  of  the  Grant  Canal  in 
a  direction  a  little  south  of  west  across  the  North  Fork  of  Kings  River 
to  the  reservoir  site.  From  the  reservoir  there  is  to  be  a  canal  north- 
ward and  a  second  one  southward,  both  supplied  with  water  by  gravity 
flow  from  the  reservoir.  In  addition  to  these  two  low-level  canals 
there  are  to  be  eight  other  canals,  four  northward  and  four  southward, 
each  11  feet  higher  than  the  one  next  below,  and  each  to  be  supplied 
with  water  by  means  of  centrifugal  pumps  arranged  in  four  pumping 
stations. 

The  specifications  drawn  for  this  work  do  not  indicate  how  the  sev- 
enteen pumps  that  are  prescribed  are  to  be  apportioned  to  the  several 
pumping  stations.  The  pumps  are  each  to  have  a  capacity  of  100 
second-feet  raised  11  feet.  The  district  canals  are  to  be  of  sufficient 
size  and  length  to  carry  water  to  all  parts  of  the  district.  The  require- 
ments concerning  canal  dimensions  are  not  made  specific;  they  are  to 
be  suitable  to  the  service  required,  which,  it  appears,  remains  to  be 
determined  as  work  progresses.  The  aggregate  length  of  the  proposed 
district  canals  is  estimated  at  500  miles.  The  contract  for  the  constrac- 
tion of  the  canal  system  complete,  including  the  necessary  pumps, 
engines,  and  boilers,  has  been  let  for  $1,500,000,  and  the  same  person 
who  has  taken  this  contract  is  also  the  purchaser  of  the  bonds  of  the 
district.  It  is  distinctly  expressed  in  the  contract  that  in  case  the 
bonds  are  not  taken  the  contract  may,  at  the  option  of  the  district 
directors,  be  set  aside.  The  contract  was  made  several  years  ago,  and 
was  conditioned  upon  a  decision  by  the  Supreme  Court  of  the  United 
States  sustaining  the  irrigation-district  law.  This  having  been  ren- 
dered, it  is  understood  that  the  contractor  has  now  declared  his  readi- 
ness to  proceed  with  actual  construction  work. 
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THE    FRESNO   PLAINS. 
DESCRIPTION. 

The  main  canals  which  divert  water  from  the  north  side  of  Kings 
River  at  or  near  the  upper  end  of  Oenterville  Bottoms  and  command 
that  portion  of  the  San  Joaquin  Valley  plain  in  the  vicinity  of  Fresno, 
Selma,  and  ELingsburg  may  be  designated  the  Fresno  group  of  canals. 
These  canals  are  the  Kings  River  &  Fresno  Ganal,  the  Fresno  Canal, 
the  Fowler  Switch  Canal,,  and  the  Centerville  &  Kingsburg  Canal, 
all  of  which  have  already  been  described.  Their  branches  extend 
throughout  an  area  of  nearly  400  square  miles,  which  before  canal 
construction  was  a  treeless,  sandy  plain.  It  was  almost  devoid  of 
natural  water  courses.  The  few  creeks  whose  periodical  flow  reached 
the  eastern  border  of  the  plain  to  the  north  of  Kings  River  were  soon 
lost,  and  there  was  no  sign  of  a  channel  beyond  their  <' sinks."  The 
natural  water  courses  in  the  eastern  portion  of  the  district  under  con- 
sideration, in  their  order  northward  from  Kings  River,  were  Burns 
Slough,  Kip  (Lone  Tree)  Slough,  Mud  Slough,  Mud  Creek,  Fancher 
(Faiishaw)  Creek,  Red  Bank  Creek,  Frolic  Creek,  and  Big  Creek.  Of 
these,  the  first  three  lie  to  the  south  of  the  point  of  the  mountain 
which  witli  gentle  slope  extends  westward  on  the  north  side  of  Kings 
River  to  a  point  2  miles  north  of  Centerville.  Bums  Slough  is  a  tribu- 
tary of  Kip  Slough.  The  sink  of  Fancher  Creek,  now  a  fine  vineyard, 
is  about  4  miles  east  of  Fresno.  The  waters  of  Red  Bank  and  Frolic 
creeks,  after  uniting  in  one  channel,  spread  and  disappear  6  miles 
east  of  Fresno,  near  where  Temperance  Colony  has  been  established. 
The  sink  of  Big  Creek  is  several  miles  to  the  northwest  of  Fresno. 

Some  of  the  channels  of  these  creeks  have  been  made  part  of  the 
canal  system.  Portions  of  Burns  Slough  and  Big  Creek  are  utilized 
for  water  of  the  Kings  River  &  Fresno  Canal.  Other  portions  of 
Burns  Slough,  Kip  Slough,  Mud  Slough,  Mud  Creek,  and  Fancher 
Creek  are  now  the  main  channel  of  the  Fresno  Canal.  Lone  Tree 
Creek  is  an  important  distributary  of  the  water  of  the  Fresno  Canal. 
By  the  utilization  of  these  natural  water  courses  the  canals  are  made 
the  recipients  of  the  drainage  water  from  the  foothills,  and  are,  at 
time  of  considerable  rainfall,  taxed  beyond  their  capacity,  and  have 
rei)eatedly  in  the  last  few  years  inundated  parts  of  Fresno  and  vicinity. 
A  proper  drainage  system  in  this  locality  is  now  recognized  as  a  neces- 
sity, and  no  doubt  will  be  planned  and  executed  in  the  near  future. 
The  general  slope  of  the  Fresno  irrigated  region  is  from  northeast  to 
southwest,  at  the  rate  of  5  to  about  7  feet  to  the  mile.  The  surface 
of  the  country  for  the  most  part  is  very  smooth,  though  broad  belts 
of  hog- wallow  or  knoUy  ground  are  occasionally  found.  The  knolls  of 
these  hog- wallow  belts  are  generally  1  to  2  feet  in  height,  rarely  as  high 
as  3  or  4  feet.    The  knolls  are  close  together,  and  diameters  at  the 
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base  of  firom  20  to  40  feet  are  most  common.  WJiere  they  occur  the 
expense  of  preparing  land  for  irrigation  is  increased.  Except  where 
nnnsnally  high  they  do  not  interfere  seriously  with  ordinary  farming 
operations  when  land  is  not  irrigated.  They  often  indicate  land  of 
inferior  quality,  hardpan  being  frequently  found  beneath  a  shallow 
layer  of  surface  soil. 

Near  Genterville  the  soil  of  the  upland  is  a  red  sandy  loam,  resting  on 
a  yellow  clay  hardpan,  which  is  usually  at  4  to  6  feet  below  the  surface. 
Hardpan  is  not  continuous;  it  disappears  frequently  at  about  one-half 
mile  from  the  margin  of  the  upland,  where  the  surface  soil  becomes 
lighter  and  more  sandy.  At  depths  of  10  feet  or  more  beds  of  cobble 
and  gravel  are  found,  which  in  proximity  to  the  low  river  bottoms  afford 
thorough  underdrainage  to  these  lands.  The  soil  is  very  productive. 
Ground  water  is  at  12  to  15  feet  below  the  surface. 

Westward  from  Genterville  toward  Fresno  the  soil  of  the  plains  is  a 
loamy  sand.  This  generally  rests  on  a  firm  clay  hardpan,  which  is  some- 
times impregnated  with  sand.  Soil  is  from  1  to  3  feet  deep.  At  the 
sinks  of  the  several  creeks  near  Fresno  the  soil  is  a  deep,  heavy,  red  loam, 
baking  on  the  surface  after  being  wet.  Where  a  hardpan  substratum 
is  encountered  at  all  it  is  at  10  to  30  feet  below  the  surface.  Westward 
from  the  immediate  vicinity  of  the  sinks  of  the  creeks  the  soil  is  a  loamy 
sand,  several  feet  deep,  resting  on  a  firm  clay  hardpan.  The  soil  fan 
toward  the  southwest  merges  into  the  sandy  soils  of  the  alkali  belt 
which  skirts  the  edge  of  Fresno  Swamp,  and  these  in  turn  are  sao- 
ceeded  by  the  rich  peaty  alluvium  of  the  swamp  lands.  To  the  south 
of  Fresno  the  sandy  soil  of  Fresno  and  Gentral  Galifornia  colonies 
changes  to  the  light  so-called  ash  of  Washington  Golony.  The  hardpan 
dips  farther  below  the  surface  toward  the  south,  and  there  are  points 
in  the  latter  colony  where  it  has  disappeared  altogether.  In  the  south- 
ern and  southeastern  portion  of  the  region  commanded  by  this  canal 
system  sand  predominates.  The  surface  of  the  country  is  comparatively 
smooth,  though  occasionally  crossed  by  low  sand  ridges.  Firm  hard- 
pan,  partaking  of  the  nature  of  cemented  sand,  immediately  below  the 
surface  soil  is  rarely  found.  It  occurs  most  frequently  where  the  sur- 
face presents  the  peculiar  hog- wallow  appearance. 

The  rainfall  in  the  region  commanded  by  the  Fresno  Ganal  system  is 
greatest  near  the  base  of  the  foothills.  It  decreases  from  there  toward 
the  west.  At  Genterville  the  average  fall  of  rain  is  about  16  inches, 
while  at  Fresno  and  Kingsburg  it  is  9  inches.  The  average  fall  at 
Firebaugh,  30  miles  to  the  west,  in  the  trough  of  the  valley,  is  about 
two-thirds  of  that  at  Fresno.  For  the  irrigated  region  near  Fresno  the 
mean  annual  fall  of  rain  may  be  noted  at  about  9  to  10  inches.  When 
this  amount  of  rain  falls  at  the  proper  time  it  is  sufficient  to  insure  fair 
crops  of  grain.  Throughout  a  large  part  of  the  region  rainfall  is  relied 
upon  to  produce  a  crop,  and  irrigation  of  grain  is  resorted  to  only  when 
an  unusually  dry  spring  threatens  the  destruction  of  a  growing  crop. 
The  products  which  can  not  be  raisi'd  without  irrigation  are  alfalfa, 
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grapes,  fruits  of  all  kinds,  including  citrus  fruits,  corn,  melons,  etc. 
Two  of  the  canals  irrigating  lands  near  Fresno  have  a  ])erennial  How; 
the  others  divert  water  only  during  medium  and  high  stages  of  the 
river,  generally  from  January  to  August,  inclusive.  The  aggregate 
capacity  of  the  four  canals  already  enumerated  is  about  1,550  second- 
feet.  None  of  them,  however,  flow  for  long  periods  at  their  maximum 
capacity.  The  demand  for  water  is,  fortunately,  greatest  at  the  time 
when  the  flow  of  the  river  is  greatest,  during  spring  and  the  early  part 
of  summer. 

THE   CANAL   SYSTEM. 

All  of  the  canals  of  the  Fresno  system  take  water  from  Kings  Kiver 
above  Centerville.  Each  of  them  is  out  upon  the  upland  before  passing 
that  village.    Such  duplication  of  canal  work  seems  unnecessary. 

Each  of  these  canals  was  constructed  for  the  purpose  of  supplying 
water  to  some  particular  point  or  place  of  use;  thus,  the  Fresno  Canal 
to  irrigate  lands  in  the  immediate  vicinity  of  Fresno,  the  Kings  liiver 
&  Fresno  Canal  to  irrigate  a  strip  of  land  just  north  of  the  Fresno 
Oanal,  the  Centerville  &  Kingsburg  Canal  to  irrigate  lands  near 
Selma,  and  the  Fowler  Switch  Canal  to  supply  water  to  the  vicinity  of 
Fowler  and  lands  westward  from  that  point.  By  reason  of  such  special 
requirement  in  each  case,  eaeh  canal  received  an  alignment  as  direct 
as  possible  from  the  proposed  source  of  water  to  the  point  of  delivery. 
The  main  canals  were  therefore  constructed  without  attempt  to  hold 
them  to  any  uniform  grade.  They  have  alignments  in  the  direction  of 
the  greatest  fall  of  the  country,  and  generally,  when  their  grade  is 
excessive,  check  weirs  are  used  to  prevent  erosion.  The  flow  of  water 
in  the  Kings  Kiver  &  Fresno  Canal  and  in  the  Centerville  &  Kings- 
burg Canal  is  thus  regulated.  The  regulation  in  the  case  of  the  Fresno 
and  the  Fowler  Switch  canals  is  only  partial.  The  water  of  the  former 
of  these  canals  in  Fancher  Creek  is  generally  8  to  15  feet  below  the 
surface  of  the  ground,  its  elevation  being  uncontrolled  by  structures. 

The  Fowler  Switch  Canal  was  constructed  on  a  very  irregular  grade 
line.  Its  grade,  when  possible,  was  placed  at  1.92  feet  to  the  mile, 
which  was  established  as  the  minimum  gradient.  At  some  points, 
however,  the  grade  was  no  less  than  12  feet  to  the  mile  for  short  dis- 
tances. The  dimensions  of  the  canal  were  calculated  on  a  basis  of  a 
fall  of  1.92  feet  to  the  mile,  and  were  not  modified  for  heavier  grades. 
Consequently,  canal  dimensions  where  this  grade  was  exceeded  are 
excessive.  The  canal  was  originally  constructed  without  structures, 
either  for  the  regulation  of  its  flow  or  to  facilitate  diversion.  Eapid 
erosion  at  once  commenced  where  the  canal  bed  was  not  in  very  Arm 
material,  and  after  a  short  experience  a  limited  number  of  check  weirs 
were  put  into  it  at  the  points  where  most  required.  The  structures  in 
this  and  in  the  other  canals  of  the  district  are  very  light  timber  afiairs, 
but  generally  well  adapted  for  the  purpose  which  they  are  to  serve. 

In  view  of  the  fact  that  the  irrigation  of  this  region  has  in  the  past 
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caused  a  rise  of  the  gronnd-water  plane,  and  that  it  will  continue  to 
infloence  its  elevation,  the  question  whether  water  has  been  or  is  being 
lost  by  the  apparent  duplication  of  canals  remains  an  open  one.  Cer- 
tain it  is  that  were  all  water  drawn  from  the  river  in  one  main  canal  it 
would  still  be  necessary  for  branch  canals  to  extend  to  every  ])ortion 
of  the  irrigated  region.  The  ground  water  would  be  expected  to  rise 
equally  as  rapidly  as  at  present,  and  the  only  marked  saving  of  water 
would  result  from  the  exposure  of  a  decreased  surface  area  of  flowiug 
water  to  evaporation,  and,  in  this  special  case,  from  a  possible  redac- 
tion of  the  flow  of  water  from  the  main  canal  through  subsoils  back 
into  Centerville  Bottoms. 

LOSS  OF  WATER  BY  EVAPORATION   AND   SEBFAGB. 

The  loss  by  evaporation,  when  expressed  in  second-feet,  is  small  for 
any  of  the  canals  of  the  Fresno  system  when  compared  with  their  capa 
city  or  with  the  total  loss  by  infiltration  into  subsoils.  The  State  engi- 
neering department  made  experiments  to  determine  the  rate  of  evap- 
oration in  this  vicinity.  The  observations  were  extended  through  a 
four-year  x)eriod  at  Kingsburg.'  The  greatest  total  monthly  evapora- 
tion during  the  four  years  1881  to  1886  occurred  in  August,  1883.  The 
amount  of  water  evaporated  in  that  month  from  an  open  sheet  of  water 
was  equivalent  to  a  depth  of  0.945  foot.  At  this  extreme  rate  per  month 
the  loss  by  evaporation  from  the  surface  of  the  Fresno  Canal  through- 
out the  24.5  miles  of  its  length,  if  the  canal  be  considered  60  feet  in 
average  width  (which  allows  ample  margin  for  wet  banks),  would  have 
been  equivalent  to  a  continuous  flow  of  2.8  second- feet. 

To  determine  the  amount  of  water  which  sinks  into  the  subsoils  from 
the  canals  of  this  region,  measurements  of  their  flow  were  made  in  the 
summer  of  1882  by  the  writer,  then  assistant  State  engineer.  The 
results  will  be  found  on  pages  76  and  77,  in  tabular  form.  For  the 
better  understanding  of  the  results  presented  in  the  tables  it  is  neoes 
sary  to  refer  briefly  to  the  character  of  the  several  canals  and  ditches 
whose  flow  was  at  that  time  measured. 

The  Kings  River  &  Fresno  Ganal  at  its  head  cuts  at  once  into  the 
upland  to  the  north  of  Centerville  Bottoms.  For  a  long  distance  it  is 
nearly  parallel  and  sometimes  very  close  to  the  Fresno  Canal,  with  a 
water  surface  at  a  higher  elevation  than  that  of  the  latter.  At  many 
points  the  canal  carries  its  water  above  the  surface  of  the  adjacent  plain. 
Ponds  and  swamps  were  kept  full  of  water  which  the  canal  lost  by  per- 
colation. The  canal,  throughout  the  last  few  miles  of  its  first  12,  lies  in 
a  good  channel  with  hardpan  bed.  The  loss  of  water  in  the  upper  12 
miles  was  at  the  rate  of  3.77  second-feet  per  mile.  In  1882  the  section 
of  the  canal  below  Bed  Bank  Creek  was  poorly  maintained.  Water 
was  allowed  to  spread  out  in  ponds,  and  a  former  channel  lying  parallel 
to  the  present  canal,  and  generally  very  close  to  it,  frequently  carried 
part  of  the  canal  waters,    l^o  lands  on  this  section  of  the  canal  were 
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irrigated  close  by  the  main  canal.  Ground  water  was  at  20  feet  or  more. 
An  indurated  clay  hardpan  lies  below  the  surface  soil  along  this  por- 
tion of  the  canal.  Here,  throughout  4.76  miles  in  length  of  the  canal, 
the  average  loss  by  percolation  was  3.45  second-feet  per  mile,  a  trifle 
less  than  in  the  12  miles  above.  In  the  next  section  of  the  canal  copious 
irrigation  of  lands  close  by  the  canal,  particularly  on  its  south  side,  had 
been  practiced  for  several  years  preceding  the  experiments.  The  soil 
is  a  light  sandy  loam,  with  ground  water  at  7  to  14  feet  below  the  sur- 
face. The  water  surface  of  the  canal  was  carried  at  about  the  elevation 
of  the  ground.  The  land  is  very  smooth;  no  high  levees  are  necessary 
to  hold  water  in  its  channel.  The  canal  is  of  uniform  dimensions  and 
character,  and  is  better  maintained  than  at  points  above.  These  cir- 
cumstances all  combined  to  reduce  the  loss  by  percolation,  which,  for 
3.55  miles,  was  found  to  be  1.25  second-feet  per  mile.  Evaporation  at 
the  maximum  rate  above  noted  would  have  caused  a  total  loss  from  the 
20  miles  of  the  main  Kings  Eiver  &  Fresno  Ganal  under  consideration 
of  a  little  more  than  1  second-foot,  equivalent  to  a  loss  of  0.04  second- 
foot  per  mile  in  length  of  the  canal. 

The  water  of  the  Fresno  Canal  flows  in  natural  channels  throughout 
nearly  all  of  the  first  19  miles  of  its  course.  It  lies  in  Centerville 
Bottoms  for  a  mile,  then,  after  passing  through  Long  Gut,  is  carried 
along  sloughs  and  depressions,  frequently  with  a  lev6e  only  on  one 
bank.  Willows,  reeds,  and  grasses  grow  in  the  water  and  on  the  banks 
of  the  canal  in  that  locality.  In  Mud  Greek  and  Fancher  Greek  the 
canal  water  flows  in  the  bottom  of  a  narrow,  deep  channel.  At  the  time 
of  making  the  experiments,  in  June,  1882,  there  were  95.51  second-feet 
lost  from  the  canal  in  the  first  11^  miles  of  its  course  below  the  point 
where  it  leaves  the  river  bottoms.  The  loss  of  water  was  at  the  rate 
of  8.49  second-feet  per  mile. 

The  ground-water  plane  was  quite  close  to  the  surface  of  the  ground 
near  the  Fresno  Ganal  in  its  next  section,  from  the  Limbaugh  dam  (the 
head  of  the  Fresno  Mill  Ditch)  to  the  head  of  the  Washington  Golony 
branch,  a  distance  of  7  miles,  throughout  which  the  total  loss  by  per- 
colation was  only  5.20  second-feet,  or  0.74  second-foot  per  mile.  Here 
the  depth  to  ground  water  ranged  only  from  4  to  10  feet,  and  the  surface 
soil  and  the  subsoils  were  kept  saturated  by  water  diverted  for  irriga- 
tion. The  canal  lies  in  a  natural  channel.  Its  water  surface  is  gen- 
erally 2  to  4  feet  below  the  surface  of  the  ground.  From  the  head  of 
the  Washington  Golony  branch  the  main  canal  flows  for  4  miles  in  an 
artificial  channel  of  uniform  dimensions.  Water  is  carried  at  about 
the  elevation  of  the  surface  of  the  ground.  The  lands  adjacent  to  this 
part  of  the  Fresno  Ganal  were  practically  unirrigated  in  1882.  Ground 
water  was  not  so  near  the  surface  as  in  the  preceding  canal  section. 
The  total  loss  in  this  section  of  the  main  canal  was  found  to  be  3.81 
second-feet,  or  0.95  second  foot  per  mile. 

The  Genterville  &  Kingsburg  Ganal,  for  about  8  miles  after  it  is  out 
upon  the  surface  of  the  upland,  has  a  course  nearly  parallel  to  the 
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eclf^e  of  the  bluff  from  upland  to  the  river  bottoms,  and  lesR  than  half 
a  mile  distant  from  it.  For  several  miles  the  canal  is  within  several 
hundred  yards  of  the  edge  of  the  descent  to  the  bottoms,  which  lie  20 
to  30  feet  below  the  surface  of  the  upland.  This  location  in  porons 
soils  and  subsoils  causes  great  loss  of  water  by  percolation.  Nearly 
86  second-feet  were  lost  by  the  canal  in  less  than  6  miles,  and  In  its 
seventh  mile  the  canal  lost  52  second-feet.  This  last  result  is  based  od 
measurements  of  the  flow  of  water  over  two  weirs  1  mile  apart,  appar- 
ently in'  good  condition.  The  average  loss  per  mile  from  the  canal  in 
the  i>h  miles  of  the  upper  section  examined  was  15.63  second-feet 

Jjoas  of  water  from  the  Kings  Hiver  tf*  Fresno  Canal, 


Nanie  of  cmual  or  ditch,  and  locality. 


K.  R.  Sl  F.  C,  one-half  uiUe  below  head 

Biimrj  Ditoh 

Hansen  Ditch , 

Fancher  Creek  (wastage) 

Ditch  on  south  side 

Do 

K.  R.  &  F.  C.  at  Hawkins  Weir 

Wastage 

Ditch  on  south  side 

K.  R.  &  F.  C.  in  Red  Bank  Creek  Flume 

Dog  Creek  (wastage) 

Ditch  on  north  side  . : 

Eggers  Ditch 

K.  R.  &  F.  C.  at  Eggers  Weir , 

K.  R.  &,  F.  C,  west  line  of  section  17. ... 

Ditch  on  south  side 

Scandinavian  Colony  Ditch 

K.  R.  «fe  F.  C.  at  upper  Scand.  Col.  Weir 

Scandinavian  Colony  Ditoh 

Do 

Do 

Do 

Do 

K.  R.  &  F.  C,  lower  Scand.  Col.  Weir  . . . 

Big  Creek  (wastage) 

Wastage 

Ditch  on  north  side 

Cooper  ^  Helm  Ditch 

K.  R.  &  F.  C.  at  Cooper  Weir 


Distance 
Ijelow 

head  of 
canal, 

in  miles. 


Diacharffe,  in 
secoDd-reet. 


Loss  between 
stations,  in 
second- feet. 


1.25 


'  Approxi?nat« 
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Loaa  of  water  from  the  Fresno  Canal, 


'Same  of  canal  or  ditch,  ami  lociilitA*. 


Fresno  Canal  at  Road  Bridge 

Centorville  Branch 

Lone  Tree  Branch 

Ditch  on  soatl)  side 

Limbangh  Dam  Ditch 

Fresno  Canal  at  Limbaugh  Dam 

Briggs  Canal 

Eisen  Canal 

Fresno  Canal  at  Hobler  Dam 

Easterby  Ditch 

Malters  Ditch  (north) 

Malters  Ditch  (central) 

Washington  Colony  Branch 

Fresno  Canal  at  head  of  Wash.  Col.  Branch 

Fresno  Colony  Canal 

North  Central  Colony  Canal 

Main  Central  Colony  Canal 


DistAuce 

IkjIow 

head  of 

caual, 

in  milea. 


1.25 
1.75 
3.25 
5.00 
12.50 
12.50 
14.00 
14.00 
14.00 
17.25 
19.00 
19.00 
19.50 
19.50 
23.50 
23.50 
23.50 


Dincharge,  in 
aecond-feet. 


Main 
canal. 


381.00 


Lo88  between 
statiunH,  in 
86Cond*feet. 


95.51  !  8.49 


5.20 


74 


3.81 


95 


Lo88  of  water  from  the  Centerville  <f'  Kingahurg  Canal. 


C.  &  K.  Canal,  one-half  mile  below  head 

Ditch  on  west  side 

Do 

C.  &  K.  Canal  at  weir,  in  sec.  23  . . . 

Garfield  Canal 

C.  &  K.  Canal  at  weir,  in  sec.  26  . . . 


0.50 

346.00 

V 

5.50 

5.06 

[85.94 

5.75 

4.00 

/ 

6.00 

251. 00 

1 

7.00 

26.65 

p.  35 

7.00 

172.00 

•' 

15.63 


52.35 


Other  examples  of  the  loss  of  water  from  smaller  ditches  by  percola- 
tion into  the  subsoil  are  the  following:     . 

On  June  21, 1882,  water  was  being  used  for  the  irrigation  of  a  vine- 
yard in  Scandinavian  Colony.  The  water  was  diverted  from  the  main 
supply  canal  into  a  small  ditch  about  2  feet  wide.  It  was  conducted 
past  alfalfa  fields  and  vineyard  lands  a  distance  of  one-half  mile  to  the 
point  where  it  was  being  used  for  irrigation.  The  soil  crossed  by  the 
ditch  is  a  sandy  loam,  with  ground  water  at  8  feet  below  the  surface. 
Water  was  measured  at  the  point  of  diversion  and  at  the  point  of 
delivery  in  exactly  the  same  way,  over  small  overfall  weirs.  The 
amount  diverted  was  1.70  second-feet,  and  the  loss  in  transit  0.79 
second-foot. 
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Ou  Jane  14, 1882,  the  orchard  of  the  Gonld  Banch  north  of  Fresno 
was  being  irrigated.  The  water  ased  for  this  purpose  was  flowing  in  a 
ditch  haying  an  average  width  of  3  feet.  One  mile  above  the  point 
where  the  water  was  being  used  the  discharge  of  the  ditch  was  2.41 
second-feet.  The  loss  by  percolation  before  reaching  the  point  of  deliv- 
ery was  1.42  second-feet.  Shade  trees  were  growing  along  x>ortion8  of 
the  ditch,  and  its  banks  were  overgrown  with  grass.  The  ditch  had 
been  in  nse  several  years.  The  soil  throagh  which  it  flows  is  a  saiidj 
loam  5  to  8  feet  deep. 

On  Jane  26, 1882,  a  ditch  which  leaves  the  Fresno  Canal  at  a  point 
about  4  miles  east  of  Fresno  was  carrying  5.60  second-feet  near  its 
head.  One  mUe  below  it  was  receiving  0.03  second-foot,  and  at  other 
points  0.64  second-foot;  its  flow  4  miles  below  its  head  was  only  1.89 
second- feet;  it  had  lost  4.38  second-feet.  This  ditch  has  an  average 
width  of  about  8  feet.  It  carried  its  water  at  or  a  trifle  above  the  level 
of  the  ground's  surface. 

EFFEOT  OF  IBBiaATION  ON  THE  WATEB  TABI^. 

In  no  other  irrigated  region  in  Oalifornia  is  the  efliect  of  irrigation  on 
the  elevation  of  the  water  table  so  plainly  apparent  as  in  the  vicinity 
of  Fresno.    Here,  notwithstanding  the  6  feet  per  mile  slope  of  the  sur- 
face of  the  country,  the  subsoils  have  been  and  are  being  gradually  sat^ 
urated  with  water.    When  irrigation  commenced  the  loss  of  water  from 
canals  in  transit  to  lands  to  be  irrigated  was  very  great,  and  after 
reaching  its  destination  it  was  found  that  frequently  enough  water  was 
put  upon  the  surface  of  individual  small  tracts  of  land  to  have  covered 
them  to  an  average  depth  of  15  to  20  feet  in  a  season.    Most  of  this 
water  found  its  way  into  subsoils,  together  with  the  direct  loss  of  water 
from  the  canals.    When  the  first  wells  were  dug  at  Genterville  water 
was  found  at  about  20  feet.    It  is  now  at  10  to  15  feet  below  the  sur- 
face, and  will  probably  not  rise  much  higher  on  account  of  ample 
drainage  of  subsoils  aud  a  comparatively  free  subsurface  flow  towBid 
the  low  river  bottoms. 

Along  Fancher  Greek,  where  the  creek  is  used  as  a  canal,  grormd 
water  was  formerly  at  50  to  75  feet  below  the  surface;  it  is  now  at  1^ 
to  20  feet  along  the  upper  portion  of  the  creek,  and  still  nearer  the 
surface  near  the  former  sink  of  the  creek,  about  4  miles  east  of  Fresno. 
In  the  Eisen  vineyard,  5  miles  east  of  Fresno,  ground  water  is  at  4  to 
6  feet  below  the  surface,  and  drain  ditches  have  been  constracted 
to  prevent  a  further  rise.    Ground  water  is  found  at  4  feet  below  the 
surface  in  many  parts  of  Temperance  Golony,  Nevada  Colony,  »« 
Fresno  and  Central  colonies.    Throughout  a  considerable  area  ne^ 
Fresno  it«  surface  is  nowhere  more  than  16  feet  below  ground,  thoag^  . 
before  irrigation  commenced  depth  to  water  was  60  feet.  Cellars 
were  in  use  until  1884  in  Fresno  have  been  condemned  becaiwe  ^^ 
water  made  its  appearance  in  them.     Near  Belma  es^^  ^   ^ 
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ground  water  was  formerly  found  at  about  30  feet.  It  is  now  at  about 
15  feet.  The  so-called  '<  Sand  Hollow,"  which  is  a  depression  100  yards 
to  one-fourth  of  a  mile  wide,  12  miles  long,  and  about  16  feet  deep, 
having  a  southerly  course  and  passing  about  midway  between  Selma 
and  Kingsbnrg,  was  formerly  as, dry  as  the  surrounding  plain.  About 
1880  the  soil  in  its  bed  was  found  to  require  less  moisture  to  produce 
crops  than  the  adjacent  plain ;  in  1885  water  appeared  at  the  lowest 
points  of  the  bed,  and  in  June  of  that  year  it  had  risen  to  the  heads 
of  ripenfng  grain.  Spots  of  black  alkali  now  mar  its  bed  and  sides, 
which  before  were  a  light  sand,  apparently  free  from  any  excess  of 
alkaline  salts. 

Near  Sanders  and  at  points  eastward  from  there  toward  Kings 
Eiver  ground  water  was  at  50  to  60  feet  before  irrigation  commenced; 
it  is  now  at  20  to  30  feet.  Here,  as  in  the  case  of  Oenterville,  prox- 
imity to  the  river,  which  lies  60  feet  below  the  surface  of  the  plain, 
may  interfere  with  a  much  greater  rise  of  the  ground-water  plane. 

In  connection  with  this  change  in  the  elevation  of  the  ground- water 
plane,  it  must  be  remembered  that  the  effect  of  irrigation  extends  far 
beyond  the  points  now  under  ditch.  Owing  to  the  slope  of  its  surface 
and  consequent  hydrostatic  pressure,  ground  water  has  a  slow  but 
certain  motion  westward  through  pervious  subsoils  of  the  Fresno 
region,  and  may  therefore  ultimately  contribute  more  or  less  toward 
the  flow  of  Fresno  Slough  and  San  Joaquin  Kiver. 

METHODS  OF  IRRIGATING  AND  DUTY   OF  WATER. 

At  the  time  irrigation  commenced  near  Fresno  the  soils  and  subsoils 
were  dry;  depth  to  ground  water  was  30  to  HO  feet.  The  ground  was 
porous,  generally  sandy,  sometimes  very  hard  on  the  surface.  When 
wet  it  was  converted  into  a  bog.  Water  passed  through  it  readily  into 
the  lower  strata.  Thorough  wetting  compacted  the  soil,  and  it  was  less 
liable  to  conversion  into  slush  after  the  first  and  second  wettings  than 
before.  It  settled,  as  a  result  of  the  first  wetting,  about  8  inches  to  1 
foot,  on  an  average.  Sometimes  the  full  supply  of  a  ditch  would  flow 
for  hours  into  a  hole  formed  by  the  breaking  in  of  the  surface.  ^  Cavi- 
ties 20  feet  in  diameter  and  6  to  10  feet  deep  were  occasionally  formed 
in  this  way,  and  had  to  be  refilled  after  the  first  wetting.  The  stability 
of  buildings  was  in  danger  when  water  was  first  brought  near  them. 
It  is  not  surprising,  under  these  circumstances,  that  when  irrigation 
commenced  in  this  region  sometimes  enough  water  was  run  on  small 
areas  at  one  irrigation  to  have  covered  them  5  feet  in  depth,  and  that 
enough  water  was  delivered  to  some  of  the  20-acre  colony  lots  south  of 
Fresno  to  have  covered  them  to  an  average  depth  of  20  feet.  After 
irrigation  was  practiced  for  a  time  the  soils  became  more  compact, 
absorbed  water  less  rapidly,  and  a  smaller  amount  of  water  passed 
into  subsoils.  At  present  the  ground  water  near  Fresno  is  so  near  the 
surface  that  the  roots  of  alfalfa,  vines,  and  trees  readily  penetrate  to 
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it  and  soils  are  kept  moist  by  the  water  rising  from  below.    Surface 
wetting  has  become  unnecessary  in  many  sections. 

Where  land  is  held  in  tracts  of  20  to  40  acres,  as  in  the  oolonies  near 
Fresno,  the  subdivisions  of  alfalfa,  vineyard,  orchard,  etc.,  are  smsdL 
The  individual  irrigator  has  but  a  small  area  of  soil  to  moisten  aod, 
because  many  irrigators  in  his  neighborhood  necessarily  require  water 
at  the  same  time,  he  can  probably  command  but  a  small  flow  with  which 
to  accoipplish  his  irrigation;  consequently  be  devotes  more  than 
ordinary  care  to  the  preparation  of  his  land,  and  if  the  duty*of  water 
is  not  so  high  on  his  lands  as  it  ought  to  be  the  good  will  of  the  irri- 
gator is  not  at  fault. 

The  sulxlivision  of  land  holdings  into  small  tracts  and  the  greedy 
absorption  of  water  at  the  outset  by  the  dry  soil  of  the  Fresno  plains 
were  the  prime  factors  which  have  controlled  methods  of  irrigation. 
That  which  most  frequently  found  favor  was  flooding  in  small  checks 
whose  surface  had  been  made  perfectly  level,  it  being  extremely  desir- 
able to  quickly  cover  the  whole  surface  to  be  wet  with  a  thin  sheet  of 
water.  Drainage  appeared  unnecessary,  as  all  surplus  water  delivered 
into  a  check  rapidly  sank  into  the  ground. 

The  area  of  these  level  checks  generally  ranges  from  one-qnarter  of 
an  acre  to  2  acres.  They  are  nearly  always  made  rectangular.  In 
alfalfa  fields  the  levees  inclosing  them  are  otten  made  so  flat  and  low 
that  farming  implements  can  pass  over  them.  Their  position  is  adapted 
to  the  configuration  of  the  country,  in  order  to  make  the  work  of  level- 
ing as  small  as  possible.  Irrigation  ditches  are  so  arranged  that  there 
is  an  inlet  from  a  ditch  into  each  check.  No  drains  are  provided.  All 
surplus  water  entering  a  check  is  allowed  to  sink  into  the  soil.  The 
cost  of  preparing  land  in  this  way  has  been  variously  stated  by  the 
irrigators  at  from  $15  to  $50  per  acre. 

Water  is  admitted  into  the  several  checks  through  small  gates,  or 
occasionally  through  small  sluice  boxes,  generally  constructed  of  1  inch 
redwood.  Water  in  the  irrigating  ditches  is  controlled  by  means  of 
small  gates  closed  by  loose  boards  moving  easily  in  vertical  grooves. 
Sometimes  a  notched  board  is  set  across  the  ditch,  so  arranged  that  the 
notch  can  be  closed  by  means  of  a  board  vpou  either  side  of  the  notch. 

The  system  of  flooding  in  checks  formed  by  contour  levees,  which  has 
found  much  favor  with  Kern  Biver  irrigators,  is  in  use  only  for  the 
irrigation  of  large  tracts  of  alfalfa,  but  where  used  in  the  vicinity  of 
Fresno  the  area  of  the  checks  is  kept  small,  rarely  exceeding  in  any 
case  3  or  4  acres,  whereas  in  the  Kern  Eiver  country  the  area  of  a 
single  check  frequently  exceeds  10  acres.  Contour  levees  are  lower 
for  checks  of  smaller  area.  The  expense  of  ground  preparation  is 
greater,  but  irrigation  is  more  economical,  as  with  small  checks  much 
time  and  water  are  saved.  The  contour  levees  usually  follow  closely 
4-to-6  inch  contour  lines.  Soils  are  so  porous  that  irrigation  in  each 
check  is  complete  when  water  has  been  made  to  cover  its  whole  area, 
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otherwise  there  is  no  deviation  from  the  ordinary  practice  of  irrigation 
in  contour  checks. 

A  third  system  of  flooding  is  sometimes  practiced,  though  it  has  not 
found  general  favor.  It  is  that  of  flooding  the  surface  with  water  from 
small  ditches  which  are  carried  along  the  tops  of  ridges,  or  very  nearly 
on  contour  lines.  The  water  of  these  is  made  to  overflow  one  or  both 
banks,  and  as  the  thin  sheet  of  water  flows  over  the  surface  it  is  guided 
and  to  some  extent  controlled  by  attendants.  Unless  the  ground  is 
very  knoUy  this  system  requires  but  little  preparation,  except  the  con- 
struction of  the  irrigating  ditches,  but  the  application  of  water  is 
attended  with  much  greater  expense  than  under  the  preceding  systems. 
It  has  been  in  use  for  trees  and  vines  as  well  as  for  alfalfa. 

The  furrow  method  of  irrigation  is  growing  in  favor.  It  is  practiced 
in  many  ways,  according  to  conditions  of  surface  slope  and  crops  to  be 
irrigated.  When  water  is  to  be  supplied  to  the  surface  of  grain  land 
in  large  areas  it  is  generally  done  by  the  furrow  method.  Distributing 
ditches  supply  water  to  plow  furrows  or  to  small  temporary  ditches 
which  are  placed  so  close  together  that  water  can  readily  permeate  the 
surface  soil,  particularly  that  portion  of  it  which  has  been  loosened  by 
the  plow.  The  furrows  may  be  run  on  or  near  contour  lines;  they  may 
be  run  in  the  direction  of  the  greatest  slope  of  the  ground's  surface,  or 
they  may  be  run  in  parallel  lines  between  the  rows  of  trees,  vines,  corn, 
vegetables,  etc.  Sometimes  this  system  of  irrigation  is  practiced  in 
level  checks  for  trees  and  vines  in  preference  to  the  plan  of  flooding  the 
whole  surface. 

When  grain  land  is  to  be  irrigated  by  the  furrow  method  the  furrows 
are  drawn  8  to  12  feet  apart  in  the  direction  of  the  Neatest  slope  of  the 
ground,  unless  this  be  so  great  that  water  flowing  in  the  furrows  would 
cause  erosion.  Should  this  be  the  case  they  are  drawn  obliquely  to  the 
greatest  slope.  The  irrigating  ditches  are  located  on  the  ridges,  if 
there  be  any,  or  on  grade  at  intervals  of  one-half  to  one-quarter  mile 
from  near  the  upper  edge  of  the  tract  to  be  irrigated,  and  about  parallel 
with  it,  to  near  the  lower  edge  of  the  tract.  The  irrigation  commences 
at  the  highest  point  of  the  field  from  the  upper  ditch.  Water  is 
admitted  into  a  number  of  furrows,  in  which  it  flows  until  moisture 
reaches  the  next  ditch ;  it  is  then  turned  into  other  furrows,  until  all 
the  furrows  between  the  flrst  and  second  ditches  have  been  wet. 
Hereupon  the  water  is  turned  into  the  second  ditch,  another  set  of 
furrows  is  wet,  and  so  on  until  irrigation  is  complete. 

This  system  of  wetting  from  furrows  is  practiced  for  grain  land  as 
well  before  seeding  as  when  a  growing  crop  is  to  be  irrigated.  In  the 
latter  case  the  refilling  of  small  ditches  and  furrows  that  would  other- 
wise interfere  with  harvesting  operations  adds  somewhat  to  the  expense 
of  irrigating. 

Under  the  furrow  system  of  irrigating  each  attendant  ordmarily  con- 
trols about  1^  to  2  second-feet,  and  water  is  generally  turned  ofi:'  at 
IBR  18 6 
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night,  owing  to  the  difficulty  of  controlling  it  ia  the  dark.  On  the 
sandy  soil  of  the  region  covered  by  the  Centerville  &  Kingsbnrg 
Canal,  where  this  method  of  applying  water  has  found  more  favor  than 
elsewhere,  irrigation  progresses  at  the  rate  of  about  2  acres  per  day 
for  each  second-foot  of  water.  Each  irrigation  is  there  equivalent  to 
an  average  depth  of  one-half  foot  of  water  over  all  the  land  irrigated. 
It  should  be  stated,  however,  that  very  little  wheat  land  is  regal^ly 
irrigated  on  the  Fresno  plains  at  points  where  water  must  be  applied 
to  the  surface  soil.  Irrigation  is  rather  a  last  resort  to  save  a  growing 
crop  which  the  farmer  hoped  would  mature  without  irrigation.  For 
the  regular  irrigation  of  grain  land  it  is  customary  to  rely  upon  one 
irrigation  in  the  fall  of  the  year  before  plowing.  The  moisture  then 
absorbed  is  sufficient  to  supplement  the  scant  rainfall  and  make  a  good 
harvest  reasonably  certain. 

The  lack  of  natural  deep-cut  drainage  lines  through  the  lands  of  the 
Fresno  district  has  already  been  alluded  to.  Their  absence  has  made 
possible  the  remarkable  filling  of  the  subsoils  with  water  and  the  rising 
of  the  ground  water  to  within  a  few  feet  of  the  surface.  Whenever 
ground  water  is  brought  so  near  the  surface  that  capillary  attractiOD 
and  the  hygroscopic  properties  of  soil  cause  water  to  rise  sufficiently 
high  to  moisten  the  surface  layers  of  soil,  other  methods  of  supplying 
moisture  become  unnecessary.  Grops  are  irrigated  if  ground  water  is 
permanently  held  at  this  height,  or  if  it  is  so  frequently  raised  to  this 
height  that  the  soils  under  cultivation  receive  all  the  moisture  required 
from  below.  Where  water  is  thus  brought  within  reach  of  plant  roots 
the  system  of  irrigation  is  locally  often  referred  to  as  ^<  irrigation  by 
percolation."  It  becomes  a  system  when,  as  in  the  Mussel  Slough 
oouutry  south  of  Kings  River,  the  canals  at  the  proper  season  supply 
the  requisite  amount  of  moisture  to  the  cultivated  tracts  without  bnr- 
dening  them  with  an  injurious  surplus  during  the  rest  of  the  year. 

By  the  rising  of  the  ground-water  plane  near  Fresno  large  tracts  of 
land  have  been  permanently  moistened.  Some  are  very  thoroughly 
subirrigated,  and  in  many  instances  injuriously  so.  Eelief  must  be 
sought  in  some  localities  either  by  drainage  or  by  proper  regulation  of 
the  supply  of  water  to  the  district,  whereby  the  elevation  of  the  water 
table  may  be  controlled. 

Near  the  Fresno  Ganal,  about  7  miles  northeast  of  Fresno,  lands  were 
already  too  moist  in  1882  to  permit  farming  operations.  Drain  ditches 
4  feet  deep  were  then  in  use  in  Temperance  Colony  to  drain  the  sur- 
face soil.  In  1885  drain  ditches  4  to  6  feet  deep  were  in  use  in  the 
Eisen  vineyard,  5  miles  east  of  Fresno,  to  keep  ground  water  at  least 
4  feet  below  the  surface  of  the  ground.  Parts  of  the  town  of  Fresno, 
parts  of  Fresno  and  Central  colonies,  and  lands  to  the  north  and  west 
of  Fresno  may  be  cited  as  other  instances  of  the  too  close  proximity  of 
ground  water  to  the  surface. 

Some  reference  has  already  been  made  to  the  time  of  irrigating  cer- 
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tain  kinds  of  crops  and  the  amount  of  irrigation  accomplished  by  a 
stated  amoant  of  water.  Some  ftirther  illustration  of  the  time  when 
water  is  required  for  different  products,  and  of  the  quantity  absorbed 
by  soils  under  the  various  conditions  of  irrigation  in  this  vicinity,  may 
not  be  out  of  place  here. 

Alfalfa,  except  when  the  water  table  is  so  near  the  surface  that  soil 
is  kept  moist  from  below  during  the  entire  growing  season  of  this  plant, 
is  almost  invariably  irrigated  once  for  each  crop  of  hay  cut.  The  first 
irrigation  is  early  in  spring  and  the  first  hay  is  cut  in  May ;  the  succeed- 
ing ones  at  intervals  of  about  five  or  six  weeks.  The  number  of  crops 
cut  is  generally  four;  the  average  yield  x)er  acre  is  1  to  1^  tons  per  cut- 
ting. Irrigations  subsequent  to  the  first  of  the  season  are  given  either 
before  or  just  after  the  cutting  of  each  crop.  It  is  said  in  favor  of 
irrigation  before  cutting  (about  one  week  or  ten  days)  that  then  the 
ground's  surface  is  shaded,  it  does  not  bake  so  hard  in  drying,  and 
the  new  growth  of  alfalfa  is  better  able  to  withstand  the  heat  of  the  sun 
than  if  subjected  to  an  irrigation  after  the  hay  is  cured.  But,  whenever 
alfalfa  is  irrigated  before  cutting,  in  checks  not  perfectly  level,  water  in 
some  parts  of  these  stands  too  long  about  the  plant,  too  much  of  the 
plant  is  submerged,  and  the  quality  of  the  hay  is  impaired. 

Where  the  ground  water  is  so  close  to  the  surface  that  it  supplies  suf- 
ficient moisture  to  alfalfiet  land,  occasional  fioodings  are  necessary  to 
drown  gophers. 

Trees  and  vines  were,  until  the  last  few  years,  very  copiously  and  very 
frequently  irrigated  in  this  region.  Trees  were  generally  watered  three 
or  four  times  during  the  spring  and  summer;  vines  sometimes  every  two 
to  three  weeks.  The  water  during  the  first  years  of  irrigation  near 
Fresno  was,  almost  without  exception,  applied  to  the  surfsbce,  and  the 
result  was  that  the  roots  of  trees  and  vines  frequently  failed  to  pene- 
trate into  the  subsoils,  entailing  evils  which  could  not  easily  be  cor- 
rected and  which  were  particularly  apparent  in  the  quality  of  the 
product.  The  lesson  was  not  quickly  learned,  but  there  has  been 
decided  improvement.  Less  moisture  is  supplied  to  the  surface  soils 
and  greater  care  is  taken  to  keep  the  surface  well  cultivated.  Capil- 
lary attraction  is  thus  interrupted  at  the  depth  to  which  the  plow  has 
I)enetrated,  less  moisture  is  brought  into  direct  contact  with  the  air, 
evaporation  is  consequently  reduced,  and  plants  are  enabled  to  get  the 
greatest  possible  benefit  from  the  moisture  already  in  the  soil.  Some 
examples  from  actual  experience  may  illustrate  how  water  is  here  used. 

On  June  16  to  17, 1882,  5  acres  of  alfalfa  in  small  checks  thoroughly 
leveled  were  irrigated  in  eight  hours,  from  6  p.  m.  to  2  a.  m.,  in  Central 
California  Colony.  The  head  of  water  used  was  0.84  second-foot.  The 
amount  of  water  absorbed  by  the  soil  was  equivalent  to  a  depth  of  0.11 
foot  over  the  entire  5  acres. 

On  the  17th  of  June,  1882,  in  Central  California  Colony,  a  supply  of 
2.26  second-feet  was  divided  into  four  parts  and  each  admitted  into  an 
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alfalfa  check  haying  an  area  of  1^  acres.  The  irrigation  of  the  alfalfa 
commenced  at  6  a.  m.,  and  at  4  p.  m.  the  water  had  been  made  to  cover 
the  entire  area  of  each  check.  Alfiftlfa  was  being  irrigated  before  cntting. 
The  checks  were  level  and  no  water  was  drawn  off.  The  total  amoant 
supplied  was  equivalent  to  a  depth  over  all  of  0.37  foot.  The  soil  was 
sandy  loam;  hardpan  was  6  feet  below  the  surface;  ground  water  at 
about  12  feet.  Less  water  would  have  been  required  if  the  whole 
stream  had  been  admitted  in  turn  to  each  check. 

On  June  12, 1882,  in  Central  California  Colony,  two  checks  of  alfalfa, 
290  by  130  and  290  by  200  feet,  respectively,  were  irrigated  at  the  same 
time  with  1.2  second-feet.  Water  was  applied  from  9  a.  m.  to  8  p.  m. 
The  total  amount  supplied  was  equivalent  to  a  depth  of  0.49  foot  over 
the  whole  area  of  the  alfalfa.  The  soil  was  a  sandy  loam,  with  hard- 
pan  at  1  to  2  feet.  This  alfalfa  was  to  receive  five  such  irrigatioDS 
during  the  season. 

On  the  Gould  Banch,  north  of  Fresno,  one  attendant  in  1882  handled 
about  1  second-foot  of  water.  With  this  amount  of  water  orchard 
lands  were  irrigated  at  the  rate  of  about  4  to  5  acres  per  day  of  twenty- 
four  hours.  The  average  depth  of  the  water  applied  over  the  whole 
surface  of  the  orchard  was  0.40  to  0.50  foot.  The  orchard  received  two 
to  three  irrigations  per  season.  The  trees  of  the  orchard  are  set  aboat 
16  feet  apart  in  rows  24  feet  apart«  Water  was  run  in  small  ditches 
along  each  row,  and  was  made  to  stand  around  the  body  of  each  tree 
while  irrigation  was  in  progress.  The  surface  of  the  ground  was  not 
leveled  when  the  orchard  was  set  out.  The  soil  is  a  heavy,  dark  loam, 
with  hardpan  at  an  average  depth  of  5  to  7  feet. 

About  4  miles  northeast  of  Selma  2  to  3  acres  of  vines  or  trees 
could  be  irrigated  in  1882  in  one  day  of  twelve  hours  with  1  second- 
foot  of  water.  The  soil  is  a  sandy  loam,  with  no  hardpan  under  it  It 
bakes  on  the  surface  in  drying.  Ground  water  was  then  some  40  feet 
below  the  surface.  The  method  of  irrigation  is  that  of  running  water 
in  furrows  between  rows.  Several  such  irrigations  per  season  are  given 
to  trees  and  vines. 

In  the  same  vicinity  in  1882,  irrigation  of  grain  with  2  to  3  second- 
feet  was  progressing  at  the  rate  of  3  to  4  acres  per  day  of  twenty  four 
hours.  The  method  of  irrigation  was  the  furrow  method.  Furrows 
were  10  to  12  feet  apart.  The  soil  was  thoroughly  saturated  by  perco- 
lation. The  amount  of  water  absorbed  was  sufficient  to  have  covered 
the  entire  surface  to  a  depth  of  1.42  feet.  One  irrigation  at  any  time 
after  harvest  is  sufficient  to  mature  the  grain  crop  of  the  next  season. 
The  soil  is  a  sandy  loam,  which  bakes  after  wetting,  unless  cultivated 
before  drying.  Hardpan  is  not  continuous;  where  it  does  occur  it  is 
generally  at  8  feet  below  the  surface.    Ground  water  is  at  35  to  40  feet 

On  June  12, 1882,  in  Central  California  Colony  a  small  check  of  grape- 
vines, one-fourth  acre,  was  irrigated  in  fifty-five  minutes.  The  check 
was  level  and  all  water  standing  in  it  at  the  end  of  the  fifty-five  minutes 
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was  allowed  to  soak  into  the  groand.  The  soil  was  still  somewhat  moist 
at  the  time  this  irrigation  commenced.  The  soil  is  a  sandy  loam  1  foot 
deep,  resting  on  a  firm  hardpan,  through  which  holes  were  cat  when 
the  vines  were  set  out.  The  amount  of  water  supplied  was  0.8  second- 
foot,  and  the  total  amount  was  sufficient  to  cover  the  ground  0.25  foot 
deep.  The  vines  appeared  thrifty  and  in  splendid  bearing.  Such  irri- 
gation was  repeated  about  every  three  weeks  until  the  grapes  had 
matured. 

About  a  mile  east  of  Selma,  where  the  soil  is  a  sandy  loam  10  to  25 
feet  deep,  with  ground  water  at  24  feet,  it  was  said  in  1882  that  2  acres 
of  Wheatland  could  be  irrigated  in  one  day  of  twenty- four  hours  by  one 
attendant  with  1^  to  2  second-feet  of  water,  equivalent  to  a  depth  of 
water  over  all  of  about  1.74  feet. 

The  foregoing  statements  must  not  be  accepted  as  an  indication  of 
the  ultimate  duty  of  water  on  the  Fresno  plains.  The  area  irrigated 
per  unit  of  water  will  continue  to  increase,  at  least  until  irrigation  pro- 
duces no  further  permanent  changes  in  the  elevation  of  the  ground- 
water plane. 

Without  attempting  to  express  in  detail  the  acreage  irrigated  per 
cubic  foot  per  second  of  canal  capacity  or  actual  flow  of  water,  it  may 
be  noted  that  the  total  volume  of  water  brought  to  the  vicinity  of 
Fresno  during  the  seventeen  years  1879  to  1896  would  at  a  very  low 
estimate  have  covered  to  an  average  depth  of  about  0.8  foot  per  annum 
the  entire  260,000  acres  of  the  region  through  which  the  canals  send 
their  branches.  It  would  have  covered  the  50,000  acres  to  whose  sur- 
face water  is  actually  applied  to  an  average  depth  of  4|  feet  per  annum, 
or  to  a  total  depth  of  75  feet.  Some  of  this  water  has  of  course  been  con- 
sumed in  sustaining  plant  life,  more  has  been  evaporated,  but  the  most 
of  it  still  permeates  the  subsoils  of  the  irrigated  region  and  of  the  lauds 
to  the  west. 

WILDFLOWER. 

The  Wildflower  country  is  a  small  portion  of  the  east-side  plain  of 
San  Joaquin  Valley  just  south  of  the  Kings  liiver  delta  lands.  Its 
limits  may  be  considered  coextensive  with  the  area  covered  by  the 
Emigrant  Canal  and  its  branches.  Sandy  soils  predominate,  the 
heaviest  being  near  Oole  Slough  in  the  southeastern  portion  of  this 
region,  and  the  lightest  along  its  northwestern  border.  The  usual  strip 
of  bad  lands,  strongly  alkaline,  is  found  at  the  south,  near  the  over- 
flow limit  from  Kings  Eiver.  Hardpan  does  not  appear  in  a  continu- 
ous layer  under  the  soil;  it  is  found  in  spots  or  belts  of  small  extent, 
generally  4  to  8  feet  below  the  surface,  and  usually  but  a  few  inches 
thick. 

For  a  number  of  years  all  the  water  used  for  irrigation  near  Wild- 
flower  was  supphed  by  the  Emigrant  Canal.  As  this  canal  became 
unreliable  as  a  source  of  supply  (due  mainly  to  litigation  concerning 
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ownership  of  its  head  works),  water  from  other  canals,  the  Fowler 
Switch  and  the  Oenterville  &  Eingsburg,  was  brought  into  the  same 
district 

The  irrigating  period  while  the  Emigrant  Canal  was  in  fall  service 
continued  firom  March  to  the  end  of  August  All  the  water  of  the 
canal  during  that  period  was  api>ortioned  to  the  distributing  and  iiri* 
gating  ditches,  and  was  allowed  to  sink  from  these  into  the  subaoils. 
The  method  of  irrigation  was  essentially  that  of  subsurface  saturation, 
which  will  be  fiiUy  described  in  the  notes  on  the  Mussel  Sloogh  country. 
Alfalfa  fields  are  sometimes  subdivided  into  smaU  rectangular  checks 
of  one-half  acre  to  2  acres  each,  and  receive  an  occasional  flooding. 
The  surface  of  the  country  is  very  smooth,  and  no  leveling  or  smooth- 
ing of  the  surface  was  necessary,  as  at  Fresno.  All  water  delivered  into 
a  check  is  allowed  to  sink  into  the  soil,  which  readily  takes  it  Orchards 
and  vineyards  are  irrigated,  while  water  is  available,  by  conducting  it 
between  the  rows  of  trees  and  vines  in  small  ditches.  Summer  crops 
are  irrigated  by  .the  furrow  method.  Before  lands  were  irrigated 
ground  water  was  here  at  10  to  16  feet  below  the  surface;  it  has  risen, 
as  the  result  of  irrigation,  about  6  feet 

LIBERTY  AND  MILLRACE  SETTLEMENTS. 

The  region  watered  by  the  Liberty  and  Millrace  canals  is  a  continaa- 
tion  of  the  Wildflower  country  westward,  and  the  same  notes  with 
reference  to  soils  apply.  Water  supply  has  usually  been  restricted  to 
a  few  months  each  year,  and  the  process  of  subsoil  saturation  has  been 
rather  slow.  Irrigation  is  accomplished  by  flooding  in  small  contour 
checks  or  by  filling  small  ditches  or  furrows  between  rows  of  trees, 
vines,  corn,  or  vegetables.  Water  is  so  freely  absorbed  by  soils  that 
no  drainage  is  necessary. 

LAGUNA  DE  TACHE  RANCHO. 

This  grant,  which  extends  southwesterly  along  the  north  side  of  the 
main  channel  of  Kings  Biver  a  distance  in  a  direct  line  of  about  25 
miles,  from  near  Kingsburg  to  Summit  Lake,  embraces  the  m%jor  por- 
tion of  the  north-side  delta  lands.  Its  hydrographic  features  have 
already  been  dwelt  upon,,  and  but  little  more  is  to  be  said  concerning 
the  use  of  water  upon  it  for  irrigation.  The  surface  of  the  ground  is 
smooth;  there  are  no  irregularities  except  such  as  have  been  produced 
by  Kings  Biver  waters.  Predominating  soils  are  deep,  sandy  loams. 
Some  of  the  depressions  near  x^resent  water  courses,  particularly  in  the 
northwestern  and  northern  portions  of  the  rancho,  have  sedimentary 
soil.  The  upper  portion  of  the  rancho,  along  Cole  Slough,  is  in  the 
alkaline  belt.  The  surface  slope  from  east  to  west  is  about  4  feet  to 
the  mile.  Near  Kings  Biver  is  a  fine  growth  of  oaks.  Willow  thickets 
abound  near  the  river  in  the  southern  portion  of  the  rancho. 
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The  many  delta  streams  have  always  famished  an  abandance  of 
water  to  subsurface  strata,  so  that  depth  to  ground  water  has  never 
been  very  great — 4  to  16  feet,  varying  somewhat  according  to  locality, 
and  no  doabt  also  somewhat  with  the  seasons.  The  local  control  of 
fluctuations  in  the  elevation  of  the  water  table  is  one  of  the  features 
of  the  method  of  irrigation.  The  canal  supply  is  ample  from  February 
to  August.  Little  or  no  water  is  put  upon  the  surface  of  the  ground. 
Tracts  to  be  irrigated  have  ditches  generally  located  on  the  slight 
ridges  built  up  by  former  water  courses,  from  which  water  sinks  into 
subsoils.  Surplus  waters  are  drained  from  the  flat  depressions  between 
these  ridges  by  a  simple  system  of  drain  ditches.  Crops  irrigated  are 
principally  natural  grasses  and  cereals. 

MUSSEL  SLOUGH  COUNTRY. 

Description, — All  of  the  Kings  Eiver  delta  south  of  the  main  channel 
of  the  river  and  west  of  Cross  Creek  is  commonly  known  as  the  Mussel 
Slough  country.  Many  water  courses,  locally  called  sloughs,  former 
channels  of  Kings  Kiver,  course  through  this  region  from  north  to 
south.  The  heads  of  most  of  these  have  long  been  filled  with  deposits 
from  the  river.  Others  have  more  recently  been  artificially  closed.  A 
great  many  have  been  made  parts  of  the  distributing  system  of  the 
irrigation  works  of  this  region. 

The  surface  of  the  Mussel  Slough  country  slopes  irom  northeast  to 
southwest  at  the  average  rate  of  about  4  feet  to  the  mile,  which  is 
only  about  one-half  the  fall  of  the  ground's  surface  in  the  vicinity  of 
Fresno. 

The  soil  of  this  region  is  all  sedimentary.  Most  of  it  is  sandy  loam, 
varying  somewhat  in  texture  and  color  in  different  localities.  It  is 
sandiest  toward  the  east  and  northeast;  heaviest  toward  the  west  and 
south,  where  it  merges  into  the  peaty  clays  of  the  swampland  belt. 
From  northeast  to  southwest,  at  Grangeville,  a  strip  of  land  several 
miles  wide  extends  through  this  region,  whose  soil  is  a  dark,  rich  loam, 
generally  considered  of  the  best  in  the  delta.  All  soils  are  deep,  resting 
upon  subsurface  strata  of  sands  and  soft,  sandy  clays. 

Before  the  construction  of  the  irrigation  canals  in  the  Mussel  Slough 
country,  depth  to  ground  water  was  10  to  18  feet.  It  was  found  at 
greatest  depth  in  the  eastern  and  southern  portions  of  the  delta.  Irri- 
gation very  soon  brought  the  water  table  close  to  the  surface  of  the 
ground,  and  throughout  the  irrigated  portion  of  the  south-side  delta 
it  does  not  now  sink  to  over  8  feet  below  the  surface.  It  has  an  annual 
fluctuation,  rising  during  the  spring  months  when  canals  are  full  of 
water,  and  falling  again  in  the  fall  of  the  year.  In  some  localities  this 
rise  is  so  pronounced  that  standing  water  appears  in  the  depressions, 
forming  ponds  which  do  not  entirely  disappear  until  the  close  of  the 
irrigating  season. 

Canal  system. — ^The  Mussel  Slough  country  is  supplied  with  water 
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for  irrigatioii  from  Kings  and  Kaweah  rivers.  The  former  sends  water 
through  the  Peoples,  Last  Ohance,  Lower  Kings  Biver,  and  Rhoads 
canals  to  the  northern,  central,  and  western  portions  of  the  sonth-side 
delta,  while  Kaweah  River  supplies  water  to  its  eastern  portions  through 
tbe  Settlers  and  Lakeside  canals.  For  about  six  months  each  year, 
commencing  with  February,  Kings  River  furnishes  an  abundanoe  of 
water  for  the  canals  leading  from  it.  The  canals  from  Kaweah  Biver 
are  not  so  copiously  supplied  with  water,  because  that  river  is  subject 
to  greater  irregularities  of  flow  than  Kings  River.  Their  period  of 
flow  is  not  so  long  as  that  of  Kings  River  canals,  and  is  largely 
dependent  on  the  conditions  of  the  diversion  of  water  at  the  head  of  SL 
Johns  River,  where  conflicting  interests  of  different  Irrigated  regions 
have  given  rise  to  repeated  modifications  of  natural  channels.  Ordi- 
narily the  flow  of  Settlers  and  Lakeside  canals  commences  in  January 
and  continues  to  the  end  of  June. 

The  total  amount  of  water  supplied  to  the  Mussel  Slough  country 
by  the  canals  above  enumerated  is  sufficient  to  cover  the  entire  area 
under  these  canals  and  their  branches  to  an  average  of  several  feet 
per  annum.  It  was  sufficient  in  1885  to  cover  the  land  which  was  then 
in  actual  cultivation  in  this  part  of  the  Kings  River  delta  to  a  depth 
of  about  4  feet. 

Irrigation  on  a  noteworthy  scale  commenced  in  1870  in  the  Mussel 
Slough  country  when  the  Lower  Kings  River  Ganal  was  constructed. 
The  construction  and  extension  of  the  several  other  canals  quickly 
followed.  There  has  been  but  little  extension  of  the  canal  system 
since  1880.  - 

Each  canal  project  (with  the  possible  exception  of  the  Mussel  Slough 
Ganal)  had  its  origin  with  the  settlers  who  needed  water.  The  sole 
consideration  in  each  case  seems  to  have  been  the  securing  of  a  fairly 
reliable  water  supply  at  reasonable  cost  for  use  upon  the  lands  of  the 
projectors  of  each  enterprise.  This  circumstance  will  account  for  the 
apparent  duplication  of  canals;  for,  as  the  irrigated  area  was  extended 
and  additional  lands  were  settled,  it  was  but  natural  for  the  landowners 
of  the  new  settlements  to  construct  new  canals  and  to  control  inde- 
pendent canal  works.  The  seven  canals  that  are  or  have  been  in  ase 
in  the  Mussel  Slough  country  could  well  be  replaced  either  by  one 
main  canal  from  Kings  River  or,  perhaps  better,  by  one  such  c^mal  and 
one  smaller  one  from  Kaweah  River. 

The  canals  distribute  water  throughout  the  delta  in  a  network  of 
branches  and  natural  channels,  often  so  intertwined  that  large  areas 
are  benefited  by  the  water  of  several  canals  at  the  same  time.  It 
happens,  too,  that  lands  whose  owners  have  no  claim  upon  water  in  any 
canal  are  here  and  there  so  favorably  located  that  they  are  irrigated 
without  cost  to  owners  by  the  canals  and  ditches  of  their  neighbors. 

Method  of  irrigation. — The  rainfall  in  the  Kings  River  delta  is  only 
9  inches  per  annum.    Irrigation  is  necessary  for  the  successful  cultiva- 
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on  of  all  soil  prodacts.    Cereals  and  alfalfa  were  practically  the  only 
altnrea  fi'om  1K70  aotil  1884.    More  attention  is  now  giveo  to  fruit 
titting,  to  the  cultivation  of  the  grape,  and  to  diversified  farming. 
To  prevent  wholesale  inundation  of  south-side  delta  lands  a  levee  is 
laintained  along  the  south  bank  of  the  main  nhaunel  of  Kings  Biver, 


Vio.  21.— IrrlgBtion  by  BUIdk  gnbMiili  with  «at«r.  Uasad  Blongb  coontTy. 

be  lofiow  of  irrigation  water  into  the  district  is  controlled  by  means 
'  regulators  in  the  beads  of  the  principal  canals.  The  Sow  of  water 
I  some  of  the  main  canals  and  in  most  canal  branches  is  sluggish, 
ater  being  generally  held  at  a  very  light  grade,  often  by  use  of  check 
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Water  is  rarely  spread  over  the  surface  of  the  ground.  This  is  done 
only  in  seasons  when  the  supply  to  the  canals  comes  late,  or  when 
gophers  become  too  numerous  in  the  alfalfa  fields.  The  ordinary 
method  of  irrigation  may  be  described  as  a  periodical  saturation  of 
subsoils.  From  the  time  that  water  becomes  available  in  the  spring 
the  canals  and  their  branches,  as  well  as  small  irrigating  ditches,  are 
kept  as  full  of  water  as  the  available  supply  will  permit.  The  water 
which  sinks  into  the  porous  soils  gradually  saturates  subsnrfiEMse  strata, 
bringing  ground  water  within  reach  of  plant  life  and  sometimes  even 
out  upon  the  surface.  Irrigation  is  considered  complete  when  the  water 
table  has  risen  to  within  3  to  4  feet  of  the  ground's  surface,  as  this  will 
insure  a  thorough  moistening  of  surface  soils  by  capillary  attraction. 

Throughout  the  Mussel  Slough  country  the  range  of  water-table 
elevation  is  clearly  defined.  It  drops  from  it«  general  iK>8ition  at  the 
height  of  the  irrigating  season,  about  4  feet  below  ground,  to  a  greatest 
depth  of  7  to  10  feet  during  the  fall  and  winter  months.  This  flactna- 
tion  is  the  direct  result  of  irrigation,  and  it  is  more  or  less  rapid  in  the 
different  portions  of  the  district  according  to  the  character  of  the  soil, 
the  distance  between  irrigating  ditches,  and  other  local  conditions. 

Locally  this  method  of  irrigation  is  rarely  understood.  It  is  referred 
to  as  irrigation  by  percolation,  and  according  to  the  ordinary  concep- 
tion of  the  method  there  should  be  a  direct  lateral  horizontal  percolation 
of  water  through  surface  soils. 

For  the  irrigation  of  grain  or  alfalfa  it  is  customary,  if  the  land  be 
at  ail  uneven  on  the  surface,  to  carry  distributing  ditches  along  the 
highest  points  of  the  ground.  From  these  the  water  is  drawn  into  irri- 
gating ditches  3  to  6  feet  wide  and  1  to  2  feet  deep,  which  are  cut  with 
a  slight  fall  out  upon  each  side  from  the  distributing  ditches,  and  are 
firom  300  to  600  feet  apart.  These  irrigating  ditches  are  either  tempo- 
rary or  permanent.  If  temporary,  they  are  usually  plowed  in  after  each 
irrigation  and  reopened  for  the  next  one.  When  orchards  and  vine- 
yards are  to  be  irrigated  the  ditches  are  constructed  in  straight  lines 
between  the  rows  of  trees  or  vines,  whenever  such  arrangement  is 
possible. 

Simple  as  this  method  of  irrigation  may  appear,  it  has  its  disadvant- 
ages, not  the  least  being  directly  due  to  the  preponderance  of  the 
upward  movement  of  the  moisture  in  the  surface  soils.  The  water, 
before  moving  upward,  often  passes  for  long  distances  through  perme- 
able subsoils.  Where  ground  is  wet 'by  irrigation  150.  feet  from  the 
nearest  ditch,  the  water  reaching  it  must  have  passed  at  least  150  feet 
through  porous  strata,  besides  the  distance  it  may  have  had  to  sink 
originally  and  the  height  it  again  rose  to  reach  the  surface  soil.  Water 
thus  permeating,  at  times  saturating,  soils  which  are  rich  in  salts  ordi- 
narily classed  as  alkaline,  is  sure  to  dissolve  more  or  less  of  these  min- 
eral substances,  and  it  will  retain  some  of  them  in  solution  until  sooner 
or  later  it  arrives  at  the  surface  and  there  evaporates.    Though  the 
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quantity  of  these  salts  in  solution  may  be  very  small,  they  wiU,  if 
present  at  all,  ultimately  become  apparent  at  the  surface,  because  the 
moisture  there  eyaporatiug  is  periodically  replaced  from  below,  not 
from  above.  Careful  inquiry  establishes  the  fact  that  some  injury  has 
already  resulted  from  this  cause;  that  many  fields  whose  soil  a  few 
years  ago  was  of  excellent  quality  now  have  soil  too  strongly  alkaline 
to  produce  good  grain  crops,  and  that  even  alfalfa  fields  have  been 
injured.  There  seems  to  be  no  limit  to  the  extent  of  damage  which 
may  result  from  this  cause  unless  the  method  of  irrigation  be  properly 
modified. 

The  simplest  remedy  for  this  evil,  suggested  by  its  cause,  is  to  secure 
a  preponderance  of  downward  motion  of  moisture.  If  this  can  be  done, 
more  of  the  salts  leached  out  of  the  soils  by  water  will  move  downward 
away  from  the  surface  than  upward  toward  it.  The  quantity  of  alkali 
at  the  surface,  where  it  is  most  injurious,  will  necessarily  be  decreased. 
The  remedy  will  be  made  still  more  effective  if  subdrainage  be  resorted 
to — if  the  water  descending  to  the  subsoils  through  the  surface  soil  be 
in  large  part  carried  off  in  deep  drainage  channels. 

It  is  not  without  interest  in  this  connection  to  note  the  effect  of  rain 
on  those  spots  of  the  plains  where  alkali  is  seen  on  the  surface  as  an 
efSorescence  or  has  formed  a  crust.  A  gentle  rain,  with  no  runoff  trom 
the  surface,  wetting  the  ground  to  the  depth  of  a  foot  or  two,  may  dis- 
solve the  efflorescence  and  all  alkaline  crusts,  carrying  the  salts  down- 
ward into  the  soil.  But  they  return  to  the  surface  with  the  returning 
moisture,  all  of  which  is  ultimately  evaporated.  A  long-continued  rain 
may  send  water  vertically  downward  to  ground  water.  It  may  thus 
cause  a  permanent  reduction  of  alkaline  salts  at  the  surface.  Sudden 
heavy  rainfall,  dissolving  the  salts  on  the  surface,  may  carry  them  into 
natural  drainage  channels  and  permanently  remove  them  from  the  soil. 

It  remains  to  be  said  that  the  accumulation  of  alkali  at  the  surface 
is  retarded  by  thorough  tillage  and  occasional  deep  plowing.  By  till- 
age the  capillary  upward  movement  of  moisture  is  checked;  there  is 
less  evaporatiou  from  the  surface  layer  of  soil ;  consequently,  the  amount 
of  alkali  accumulating  at  the  surface  is  minimized.  Deep  tillage  buries 
the  surface  salts,  removing  them  for  a  time  at  least  from  that  layer  of 
the  soil  where  they  are  most  injurious. 

The  cost  of  preparing  land  for  irrigation  in  the  Mussel  Slough  coun- 
try has  been  relatively  small  because  the  surface  required  no  shaping 
and  only 'limited  areas  have  b^en  arranged  for  flooding  in  checks. 
The  cost  of  constructing  the  small  irrigating  ditches  has  been  variously 
estimated  at  from  $2  to  $4  per  acre,  and  the  annual  expense  of  irrigat- 
ing at  from  2d  cents  to  $1  per  acre. 
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